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Advances in Materials Technology:

MONITOR

Issue Number 9 1987/2

Dear Reader,

This is the ninth issue of UNIDO's state-of-the-art series in the field of
materials entitled Advances in Materials Technology: Monitor. This issue 1s

devoted to SOLAR CELLS MATERIALS and is addressed to a select target audience of
policy makers, scientists, technologists and industrialists in developing countries.

In each issue of this series, a selected material or group of materials will
be featured and an expert assessment made on the technological trends in those
fields. In addition, other relevant information of interest to developing
countries will be provided. In chis manner, over a cycle of several issues,

materials reievant to developing countries coulid be covered and a state~of-the-art
assessment made.

This iIssue on SOLAR CELLS MATERIALS contains information on UNIDO's workshop
on the establishment of a Consultative Group on Solar Energy Research and
Applications (COSERA). Several papers on SOLAR CELLS MATERIALS were prepared for
that workshop. An overview of these articles is provided in an article "Solar
Cells - Materials and Production"” speciallly written for this Monitor by
Mr. T.J. Coutts, Principal Scientist of the Solar Energy Research Iastitute in
Colden, Colorado, USA. In addition, his paper on "A Review of Economic and
Technological Requirements of Solar Cells: Status and Rcsearch Directions of
Polycrystalline Thin-Film Devices' is also published.

The other articles in this Monitor are "State-of-the-Art in Photovoltaic
Research and Application"”, which gives a review of the state-of-the-art of single
and polycrystalline solar cells and "Volts from the Blue" referring to the
development and cost of thin-film photovoltaic cells.

THE ADVANCES IN MATERIALS TECHNOLOGY: MONITOR is not an official document and has
been reproduced without formal editing. Opinions expressed in it do not
necessarily reflect the views of the United Nations Industrial Development
Organization (UNIDO). Mention of the names of firms and commercial products does
not imply an endorsement by UNIDO. Copyrighted material reproduced in these pages
may be quoted only with permission of the journals concerned.

Compiled by Development and Transfer of Technology Division, Department for
Industrial Promotion, Consultations and Technology, UNIDO, P.0. Box 300,
A-1400 Vienna, Austria.
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The current awareness section includes again information on new products, new
processes and applications. This is followed by information on marketing. Readers
will also find useful lists of Solar—Photovoltaics and Sclar Materials Research
Institutes in developing and developed countries and of United Nations and other
organizations which are active in the field of Solar-Photovoltaics.

The "face" of our Momitor will change in. the future, which hopefully will help
our readers to distinguish more easily the Advances in Materials Tecl.nology:
Monitor from our other Monitors. Our "Dear Reader" will then move on to the second
page, together with comments and suggestions from readers. Already with our last
issue we have omitted the date and instead put the year and the nuwmber of the
quarter.

At this point we would like to emphasize our appreciation for all your
comments and suggestions that we receive from our readers. We always welcome them
and ycur news on developments of new materials.

Department for Industrial Promocion,
Consultations and Technology
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STATE-OF-THE-ART IN PHOTOVOLTALC
RESEARCH AND APPLICATION

1. Introduction

The photovoltaic effect, knowm in semiconductors
for more than a century [1], became of interest for
commercial solar energy conversion with the invention
of the higher efficiency (6 per cent) Si and
CdS/CuzS solar cells [2,3] in 1954 and their first
successful deployment in satellites, starting with
Vanguard I in 1957. {his was followed in rapid
succession with larger and lacrger multi kW-panels,
made mostly from Si single crystals with typically
10 per cent panel efficiency, which was reached in
1963 and maintained for the next decade with best
cell efficiencies near 12 per cent and production
cost [4] dropping from > $500 Wl in 1958 to
w1008 Wl in 1971.

At that time there was little commercial
interest excert for a modest space programme market
of €100 kWy *. The only other solar cell
materials with promise were single crystal GaAs of
slightly higher efficiency flown by some USSR space
crafts and the Cd5/CuzS polycrystalline thin-film
cell, further developed by the Clevitc-group [5]. A
more extensive commericial use except for use in
concentrators of GaAs was impeded since it is
substantially more expensive thaan Si. The initial
development of CdSICuzs was discontinued because of
incomplete understanding of cell degradation and
suspected efficiency limitation near 10 per cent.

As a result of comprehensive studies sponsored
by NSF and NASA and by the Mational Academy of
Science, it became evident in 1972 that a substantial
reduction in production cost to approach $1 Wl and
an increase of efficiencies beyond 10 per cent for
thin-file and beyund 20 per cent for single crystal
cells were feasible [6]. with significant government
support mainly in the USA, Japan and Western Europe,
rapid progress was made and essentially all tecbmicsl
goals set in 1972 have been achieved and surpassed
(ehin-film efificiency 12 per cent, single cryscal AM1
efficiency 21 per cent for Si and AlGaAs) (7). The
economic goal seems to be within reach and large
quantity solar panels currently sell for & $5 i,
Life expectancies of better Si-panels are well in
excess of 10 years.

Forthes conservative projections suggest single
crystal efficiencies in excess of 25 per cent,
thin-film efficiencies > 15 per cent, life
expectancies > 25 years (for single crysctal cells)
and production cost well below $2 W™ for single
crystal panels and well below $1 wl for thin-film
panels in 1985 dollars.

This gives photovoltaic large-scale terrestrial
solar energy conversion a realistic potentiasl beyond
the presently already available markets, which have
asbsorbed in excess of 50 MW snd produced revenues in
excess of $1 billion during the last five years.

In the following sections we will list che
recent schievements in RED for the different cypes of
solar cells and panels, review present production
methods, and give s short overview of deploymen:
experience and future markets.

2, Solar cell types and materisls

The photovoltaic effect in modern solsr cells is
besed on the separation of excrss cersiers in the
built-in field of s junction within s
semi~conductor. The excess (cver thermsl
equilibrium) carriers are created by sbsorbed
sunlight. Their sepsretion crestes a photo-cmf which

makes the solar cell act like a battery and permits,
through an external circuit, the extraction of almost

all of these excess cairiers (the collection
efficiency approaches 1 in better cells).

Different cell types can be distinguished dy:

(1) dow the built-in field is established
(homo- or heterojunctioas, or >chuttky
barriers);

(ii) Mow the light is absorbed ldirect or
indirect band gap materials);

(iii) The cype of the cell design (front- or
back-wall, or multijunction cells); and
(iv) The crystal state of the device (single or

polycrystalline, or amorphous).

Presently there is no clear-cut preference of
the iarge variety of possible devices, except for
praperly chosen band gap 1/ (see figure 1), since
there are economic trade—vffs and aev candidates may
be found with promising futures. Examgles are the
CdS/CulnSe; cell, which now shows best efficiencies
near 12 per ceant, and the CdTe cell vith efficiencies
in excess of 10 per cent; yet both cells were
unknown 2/ only a decade ago. Howvever, the large
amount of naterisl research necessary before one can
hope to optimize msterisl treatmwent and cel. design
is in essence an economic barrier for rapid
expansion. Therefore the first promising candiiste,
single crystal Si, is still the forerunoer in
technology development sad has the largest market
share.

2.1 Single crystal Si rolar cells

Silicon is ar indirect band-gsp material
requiring a relatively cthick (cypicaliy V.7 mm) well
to absorb most of the active light in the solar
spectrum. The geometry and band model of & typical
n’pp*-Si solar cells is shown in figure 2. By
increasing the minority carrier diffusion length to
values well in excess of the cell thickness and
reducing recombination at the back contact by using a
back surface field (using am Al back contact with
Al-diffusion into & thin layer during & 15 minute
heat treatment at 500-800°C) onz obtsins cells
efficiences of typically 14 per cent (12]. By
reducing the thickness of the front n'-layer and
the density of recombinstion centers there and in the
p-n junction, the blue/violet response was raised and
the efficiency improved beyond 15 per cent [13].
Further substantial improvements of the current were
achieved by etching the front surface to reduce
reflectivity (velvet effect [14]) with efficiencies
in excass of 17 pe: cent. After slmost 2 decade with
litgle further progress, Creen and co-workers |15)
have pushed the efficiency of the single crysctal
Si-cell well apove 2V per cent by further reducing
the recowbination at the front surface [by
introducing & thermally grown $i0; Layer

1/ It should be noted that the presently
schieved highest efficiency of Si solar cells is
subscantially higher than the 19 per cent predicted
from an obviously too conservstive model by Loferski
in 1956. Better recant estimstes by Wolf (9} puc
this maximum efficiency for 8i to 12 per cent snd
efficiencies in excess of 28 per cent for AMl have
been suggested more recently [10).

2/ A forerunner of this cell, the CdTe/CuzTe
cell, hownver, was already noted by Cussno [22] io
1963 and achieved efficiencies in excess of
7 per cent st that time.




(tigure JA}], by separating the fromt electrode
through a3 thin $i07 layer (figure 1B), or by
reducing the contact surface through such a layer
(figure IC), thereby increasing the open circuit
voltage to 69 wV (AMO, 25°C). uhen surface etching
is also applied to veduce reflection, Creen [15]
achieved 20.9 per cent efficiency at AMI with
indication that still higher efficiencies can be
expected realistically.

2.1.1 Si-material [B}. Preseatly there are two
trends discernible: to develop and produce low-cost
raw Si material which is useful for cells with modest
efficiency (in the 10-16 per cent range), ané to
develop ultra-high efficiency devices irrespective of
the present c.st of the raw material; however,
assuming that 2 reasonable modification of the
material production process could yield the necessary
material without adding significantly to the cost.

Ar this time semicoaductor-grade Si is used to
produce Si-solar cells. This Si is made by the
Si pr in a quantity of a fev thousand
metric tons y 1/ at a price in excess of $70 xg~l.
Several alternative processes have been studied,
capable of producing solar grade Si (a material with
slightly higher impurity concentration, but capable
of yielding modest efficiency so.ar cells) at a cost
of less than $20 xg-l.

One of the processes is based on Silane
rectification and is already developed through pilot
(100 mc y~!) and production plant (1200 mt y- 1
by the Union Carbide Corp. Another 1200 mr y~
plant is in construcrion and a 3000 mt y'l plant is
in design. The flow diagram of the Silane process is
shown in figure 2; it is capable of produciry :clar
cell grade silicon at a cost below $20 kg~!.

The rationale behind the developmeat of solar
grade silicon is the insensitivitr of medium
efficiency solar cells ('baseline’ cell) in respect
to some typical impurities. Figure 3 indicates that
certain impurities, e.g. Cu and Al in n-type and P
and Cu in p-type material, can be tolerated in excess
of 1 ppm without major cell degradation. Other
elements have to be avoided more carefully (e.g.
transition metsls).

It is expected that solar grade Si will become
svailable in the near future and, because of the
lower production cost, price flexibility can be
expected in due course.

2.1.2 Si crysctal/sheet growth. 2/ Substantial
reduction in production cost can be achieved by
improving the single crystal growth process. For
instsnce, in an sdvanced Czochralski growth system of
the Hamco Division of the Ksyex Corporastiom,
sutomsted grovth from 150 kg ingot/crucible with
2,2 kg h”™* cthroughput 15 cm 7ods can be produced,
yielding 15 per cent efficient solar cells. A
further cost reduction can be schieved by using
polycrystalline Si for solar cells, which show
moderste efficiencies in the 8-15 per cent range
(typical 10 per cent for large quantities) when the
grain size exceeds o few mm dismeter and grain
boundsries are sppropriastely psssivated (usually by
Hy ctrestmenc). Exemples sre the ingot casting by
Sewmix, Inc. and the ingot-casting-by-s-heat-exchanger
method of Crystal Systems, Inc. Both mechods are

1/ At an estimated use of S metric tons WL,
a substantial fraction of this production would be
needed for solar cells in 1986 with » projected
production rate of 50 iyl world wide.

2/ tExamples listed here contain only material
available in the open literstura.

capable of producing up to 15 per cent efrficient
solar cells. “j‘ Semix process presently produces
20 x 20 x 15 cm” semicrystalline blocks with

33 per cent ingot yield ar 2.3 k&g h~l. The Crystal
Systeas process produces slightly larger blocks of
Y4x3Iox1l7 cmd which ate > 95 per cent single crystal
at 1.9 kg bl wich 795 per ceat yield.

Process variability, non—uniformity of graias,
and non-uniformity of impurities still influence
adversely the yield of cells with acceptable
efficiencies from polycrystalline material.

All of these rods or blocks needs to be sawved
into thin wafers. Several methods are presently
being developed. The best present achievements are a
slicing of 17 vafgrs from a 15 cm rod and 2U wafers
from a8 10 x 10 em~ cast block {et ca length at »
rate of 0.4 and 1.2 wafer win™" respectively at
95 per cent yield. The finished wafer ares per
kilogram of ingot is U.7 snd 1.0 m® g~
respectively. Surface damsge and resulting losses
from the necessary etching to remove these damaged
layers are additiomal cost factors which presenc a
handicap to the above listed methods.

Major advances can be achieved by direct growcth
of Si-sheets. Several wmethods to produce such sheets
are bueing developed; some results are available in
the open lLiterature snd are listed belov. The
edge-defined film-fed ribbon grovth developed by the
Mobil Solar Energy Corp. has achieved s respectable
40 cm® win~* growth of 10 cm wide ribbon.
Simulcaneous multi-ribbon growth of three ribbons at
10 cm width or five ribboas at 5 cm width with
0.15 wm ribbon thickness and yield 80 per cent cells
with > 12 per cent efficiency. More recently a
nonagon growth technique vas developed in which a
hollow, polygonal shaped tube of 150 wm diameter is
grovn with nine flat sides, each one 50 wm wide and
0.3 mm thick, sad later cut into rectangular blanks.

The dendritic web growth develogcd by_the
Westinghouse Corp. can produce 13 cw win~! for
short ribbon leagths, which yield somewhat higher
efficiencies (best achieved: 10.9 per ceant).

A Si-on-cersmic pick-up from a iiquid surface
developed by Honeywell produces dU cw” msia”
grovth rate vith sheets of < 0.1 ms thickness ana
cell efficiencies of 1U.5 per cent.

Still snother method is being developed by tne
Energy Materisls Corp., in which s crystsl sheet 1s
picked up from the meniscus of a Si melt and which
has achieved s much larger throughput of
450 cm? minl, but et & larger ribbon thickness
of 0.64 mm (pull speed 85 cw min"l) and ribben
wvideth of 15 cw. Best cell efficiency is
12.9 per cent.

Other methods are vigorously being developed and
judged promising by the involved industry. It can be
expected that with further ressarch snd developmen

t
an improved production relisbility (sccepteble yield)
can be achieved and increased efficiencies in the
17(+) per cent range can be obtsined.

2.1.3 Cell and psnel production., Cell snd
panel production contsins a lsrge number of sieps
which add costs snd reduce overall yields.
Streamlining (reduction in steps) snd sutomstion are
being developed. A typicsl axample is given in
figuse & for the conventional and s more advenced
production sequence containing some cost esCimatss in
1980 dollars.

Recent advances are relsted to the goal of -
improving the wmetsllization and overall process ’
yield. They sleo include further improvemeat in
liquid-dopant processing snd ctherwsl pulse diffusion




to produce simultanecusly the n-p and p-p”
junctions. Laser annealing of ion implanted dopants
and- microvave powered plasma systems are used, the
latter to passivate ($i09) and to produce
antireflective coating (SiK). New means to produce
the tep electrode, including laser pyrolysis of
metallo-organic liquid films at the cell surface and
printing with newly developed inks (e.g. Mo-Sn) are
being developed (marrowest linewidth JAm). HNew
interconnecting automatic equipment using ultrasound
is employed. Double chamber vacuum lamination is
used. Further developaent of automation in cell
production is in progress.

A 'Stravman’ process amalysis predicts
feasibility of a $2 W™l lowv-cost cell and module
fabricarion, and, when fully automated, a possible
$0.70 W~1 cost (in 1985 dollars).

The updated goals established in 1983 of high
efficiency 15 per cent Si wodules at a cost of
$90 m~2 vith 30 years deployed panel life seem to
be realiscic, slthough not without additionsl
substantial effort in research and development, but
not requiring a technology breakthrough.

The ctrend in the development of commercislly
available Si-solar cell panels is shown in figure 5
which clearly show the wajor advances achieved during
the lazst decade, most significantly in sales price
from an average of $30 Ww™! in 1975 to $5 V! io
1985 (all in 1980 dollars), module efficiency (edge
to edge) from 6 to 1O per cent average, and packing
Eactor from 55 to 85 per cent. Significant further
progress is expected vhen high efficiency cells will
be used for production units, boosting the present
average L1 per cent encapsulated cell efficiency
potentially well above 15 per cent.

2.2 The amorphous Si-cell

A substancial improvemeat of the cost efficiency
of solar cells is expected by using amorphous,
hydrogenated, or fluorinated Si as the active cell
material {20,21]. It has 2 much steeper optical
absorption edge (behaving like & direct band-gap
materisl) at an energy (W1.4 eV) better matched to
the optical spectrum of sunlight, as shown in
figure 6.

The material can be easily deposited on a large
variety of material acting as the base electrode.
The deposition is done in & gas discharge and permits
via changes in the gas composition a rather simple
change in dooing and chemicsl composition of the
deposited layer. It requires typical deposition
temperatures of 200-300 C, i.e. temperatures which
are low enough for rhe use of inexpensive
subscrates. The bLand gap can be changed between /1
and 2,8 eV by changing the host material from Si to
§iC, SiCe or $SiSn, using mixtures of silane and
methane, Geh, or Sn(CHy),, or similer
fluorinated compounds with possibilities to produce
stacked cells or window layers with relative ecase.

Only 10 yesrs ago the use of smorphous Si of
efficient ( >6 per cent) solsr cells was shown by
Carlson and Wronski (23], Consequently, the
development of such cells proceeded rapidly
(figure 7).

The matesrisl can be made n- and p-type by doping
similarly to crystalline Si. However, the o{-Si
soler cell is distinguished by several principel
festures from the crystalline Si cell:

(i) It is about 1000 times thinner since ife
absorption coafficien: is substantially
higher;

(ii) Its main region of generating minority
carriers coatains a substantial electric
field W10® ¥V ca~l) to assist
collection;

(iii) Its band gap lies closer to the optimua
value (near 1.5 eV) for solar energy
conversion;

(iv) The carvier mobility is £ 1 cu? Vs~1,
i.e. onlya’1/1000 of the carrier mobility
in crystalline Si; and

(v) Toere is cell degradation wvhich requires
careful development of commercially viable
solar cell panels.

2.2.1 Production of OL-Si cells, econos.cal

ts. The production of the O -5i cell as a
thin—file cell is insensitive to substrate structure
and can be fully sutomated. A typical cell

cross-section is shown in figure 8.

Using & variety of substrates, from stainless
steel to polymide films [36] to hybridization on
already formed units such as roof shimgles, nas the
potential to reduce the balsnce of system cost to
highly attractive levels.

Present operation of production lines in several
companies has entered a learning cutve which promises
a high probablity for full-scale commercialization
after freezing of an attractive long-life-expeccancy
cell design with & reasonable efficiency
(A/10 per cent).

It is therefore expected that the oK -5i cell
production line will swiftly expand from the present
consumer application msrket to the larger scale solar
market which is presently dominated by the
crystalline Si solar panels.

It is also expected that the production cost of
these solar cells can be reduced to below $0.55 w~1
(1985 dollars).

2.3 Other promiciag solar cells

It is too early to judge vhether the inherent
limitation in the present generstion of Si
crystalline and smorphous Si cells justifies vigorous
further development .f slternative materisls. These
limitations relste to:

(i) A too-low baund gap in Si, limiting its
maxisum efficiency;

(ii) The indirect gap optical absorption,
requiring a rsther thick crystal sheet of
8i;

(iii) The low mobility of both carriers in
oA -5i; and

(1v) Photochemicsl resctions at rovm tesperature

in O ~-Si.

Utner materisls, such as CaAs and CdTe, have
advanteges in respect to the above listed
limitations, suggesting the potential of higher
efficiencies and extensive life expectency. However,
both compounds contain elements of very limitsd
supply (Ca snd Te).

Present development of CaAs is justified since
it can be operated at higher temperstures and high
light intensicy, making the cell attractive as &
receiver in crucentrators with concentration rstios
up to 1000 (Varisn)., A cost compsrison [3I8] ehows




that such CaAs cells with an efficiency of

25 per cent can cost between $3.50 and 310 per cw?
to support an array cost of $1.30 W™!, vhile for

the ssme array cost the price of Si concentrator
cells of 20 per cent efficiency must be reduced by a
factor of 12 below the sbove—projected cost for
CaAs. The present state of the art permits an
installed array field subsystem, cost nesr $7/W with
approximately 17 per cent of the subsystem cost
allocated for the solar cell [38]. ’

The highest presently achieved efficiency for
single Mg-doped AlGaAs/CaAs cell is reported by
Hamsker et al. {39] at 26 per cent in a concentrator
deployment.

The development of thin-film GaAs is another
possibility if surface arnd grain boundary passivation
can be achieved. A high recowbination velocity at
these surfaces is a8 major drawback of the GaAs which
is circumnavigated by using an AlGaAs windov in
highly efficient single crystal cells. Presently the
thin-film polycrystalline cell has a disappointingly
low efficiency while thin film single crystal cells
still require GaAs substrate (epitaxy), yielding
20 per cent efficient cells or, being thinned by
etching, require a thickness of W} 70/am with
efficiencies in the 16 per cent range.

A potentially interesting approach is a process
knowa as CLEFT (clesvage for lateral epitaxial film
transfer). Here lateral growth on a properly
oriented, mostly masked GaAs substrate can be used to
form GaAs single cryscal sheets which can easily be
cleaved from the substrate (figure 9) after it is
bonded to glass, and cells of 17 per cent efficiency
with only S/m thickness have been produced [40].

As 8 direct bsnd-gsp material with a high
electron mobility, the msterial has sufficient
potential to warrant further research and development
(see Proceedings of the 18th IEEE Photovoltaic
Specialist Conference).

The CdTe solar cell is another, potentially
highly efficient cell which, as a single cryscal
cell, has slready shown in excess of 13 per cent
efficiency. The Kodak group has reported
10.9 per cent efficiency for a polycrystslline
thin-film CdS/CdTe device at AM2 while, for s
slightly chicker, sintered CdS/CdTe, heterojunction
cell, the Matsushita group [44] reports an active
ares effiziency of 12.8 per cent.

Problems with s rapid development of this cell
relste to difficulties to make & highly p-type
materisl and to produce good ohmic contacts on the
p~CdTe.

Other possibilities include heterojunction
cells, such as Cd$/CulnSez. Such » cell was
developed by Michelson et sl. at Boeing Aerospace Co.
and yieldad 11 per cent conversion efficiency. It is
deposited by evsporstion of the components in a
multi-layer thin-film structure (figure 10).

This structure has the potentisl of obtaining
cell afficiencies in excess of 15 per cent and
excellent long-term stability [42].

Finally, cthe trend to develop higher efficient
cells has sparked seversl resesrch sfforts to steck
cells of different bend gsps on top of sach other
with the gosl of spprosching 30 per cent conversion
efticiencies. Lven though the met benefit from the
added cell is expected to be of ths order of only
10 per cent, savings in the deployment structure
could make the effort cost-effactive. Careful
matching of currents limit a two terwinal device in
nsterial selection. Tour terminal devices are mors
flexidie in design and may be more promising to
surpass single cell efficiences.

Stacking of AlGaAs/GsAs oa top of 5i has
resulted in 22 per cent couversion efficiency. The
progress is slow as the combination of tweo cells
poses many technological problems due to
interrelation of treatments (43).

* 2.4 Commercial smarkets of solar panels

As the first introduced commercizlly available
solar panels, the Si panels have become the panels
vith by far the largest share of present deployment.
Below we will list a nusber of examples of suc
deployment.

The aarket developed rapidly from only a few kW
deployed in 1974 tc shipwents of wore than 25 MW in
1984 with the following distributiens:

Remote deployment
Consumer products
Utility grid power
Uff-grid powver
Goverument use

EER TR

Presently a total in excess of 10U MW of
Si-solar cell panels are installed, providing umple
experience of marketability acd performsnce and
offering the basis for a broader public swvareness.

Most economical today is the use in remote areas
vhere previously batteries or diesel-powered
generators wvere employed.
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Consrltative group ou solar energy research to
be set up by UNIDO

Elevea experts representing developed and
developing countries oet at UNIDO from
8-10 December 1786 to consider the establishmeant of a
Consultative Group on Solar Energy Research and
Applicatioa (COSERA).

COSERA is being set up to promote the
effectiveness of solar energy research in developing
countries and the transfer of research results iato
industrial production, commercialization and
videspread use. The experts met at 3 workshop
intended as a preliminary activicy to widen
consultations with donor agencies and institutions in
developing countries.

In a2 world where energy resources are fast
becoming scarce, solar energy is r ble, abundant
and widely available in developing and developed
countries.

Several initiastives have been made at the
regional level, and there has been some measure of
international co-operation, a good deal of it by
other internationsl bodies, but there is still a lack
of concerted effort at the global level, in
jarticular in streagthening the technological
capabilities of developing countries for energy
research and applications, eventuslly leading to
local manufacture. It is for this reason that the
Consultative Croup is to be established.

Recommendations. The experts eavisage COSERA
as an institutional group of scientific
establishments, donor organizations and financing
agencies interested in harnessing solar energy for
development needs in various parts of the world.
COSERA would act as the catalyst that will
co-ordinate the efforts of the many institutions
throughout the world.

As part of its firsc phase of operation, the
expert meeting recommended that COSERA should:

. Assist in setting up and strengthening links
between the interested parties, such as donor
agencies, Governments, industry, scientists
and citizen groups;

. Ensure the smooth flow of funds and modilize
wmore funds for the most prowmising activities
in the field;

. Prowmote closer iategration of the resulcs of
solar energy resesrch, development and
spplicstions in the energy plans of councries
or regions;

. Strengthen nationsl capabilicies at sll
levels (e.g. decision mekers, planmners,
scientists, industrisliscs, the public) in
harnessing solsr energy effectively for
specific nstional needs.

The meating stressed that it was important, st
the present stsge, for COSERA to be project-
oriented. It should consider proposals for
recommendstion to funding agencies as well as propose
projeces that it considers to have high priority to
interested parties.

Once COSERA has been established, it could move
into other phases, the experts pointed out. These
could include:

. Supporting Ctraining and labour development;

. Setcing up and strangthening mechanisms to
exchange experiences and informstion;

. Providing support for the publication of
directories, guidebooks and information on
commercially expivitable technologies;

. Setting up and strengthening existing centres
at regional and international levels.

The experts pointed out that COSERA would noc be
an intergovernmental body, nor would it “diccace”
what needs to be done. Its main purpose would be to
harmonize action on solar energy and to function with
a minimum of legal or bureaucratic coastraints.

The experts recommended that UNIDO should take
the necessary follow-up action through a task force
and organize a meeting before the end of 1987 in
order to establish COSEBA.

Finally, the experts stressed that the
videspread use of solar thermal technologies will
enable developing ries to red their
dependence on imported fossil fuels, to iwprove cheir
balsnce-of-trade situstion substantislly amd to
maintain the heslth of their envivonment.

- & &

The following article on solar cells materials
and production was prepared by Nr. T.J. Coutts*
specially for chis issue of the Ad in Materiais
Technology: Monitor. We publish it together wich
the paper written by tne same author: “A review of
ec ic and technological requiresents of solar
cells: status and resesrch directions of
polycrystalline thin film devices”. This paper as
well as two more** discussed in Mr. T.J. Coutts'
article were used as the baeckground waterial for the
UNIDO Workshop on the Establishment of a Consultative
Group on Solar Energy Research and Applications/
COSERA. Due to limited space we sre not in a
position to publish these documents but hope that
Mr. Coutts® srticle will provide you with some
information on their gist. Copies of the two
documents may, however, be obtained on request.

Solar cells - materials and production

At preseat, the group IV semiconductor Si is by
fsr the most widely researched materisl io the
electrooics industry. It is also the msterial vith
which by far the most experience has been gsined in
the field of photovoltsics. MHowever, there are sound
fund. al ¢ to supp that Si would not be
an ideal msterial for photovolrsic (PV) couversion.
That it is so widely used is due solely to the fact
that such & weslth of experience and kaowledge from
the electronics industry is svailadble. The extremely

* Principsl Scientist, Solar Eaergy Research
Institute, 1617 Cole Blvd., Golden, Colovrade B04UL,
USA, and editor of the magssine SOLAR CELLS.

"A reviev of ic sad techmologicsl
requirements of solar cells: status and resesrch
directions of polycrystalline chia film devices”,
Doc. Wo.: UWIDO/IPCT.16(sPEC.)

** "golar cell materisls end fadbrication
technologies™ by K.W. Bder, Professor, University of
Delavare, Wewsrk, DE 19716, USA.

Doc. Wo.; UNIDO/IPCT.I9(SPEC.) Plesse slso refer %0
Mr. BUehr's article "Stete-of-the-art in photovoltsic
research and spplicacion”™ on peges 3-6.

"Study on smorphous silicon solsr cells” by _
Atun Nadan, ClastechSolar Inc., L2641 W. 69th Avenve,
Wheat Ridge, CO. 80013, USA.
Doc. No.: UNIDU/IPCT.18(sPLC,)




bigh purity and crystalline perfection of modern Si
mezn that solar cells based on Si are still amongst
the highest efficiency converters of any matecrial
used. All of this explains why more operating
experience has been gained with single crystal Si
than with all other solar cell materials combined.

In additioan to all of this, it ir a plentiful
material and the reserves for its rerianement are
aever likely to become exhausted. However, it is not
vithout problems. From the perspective of a
developed country, it is obvious that the driving
force behind the development of any alternative means
of genersting electricity is cost competitiveness.
Although there are many rural or remote enviroaments
in wvhich Si-based PV generators are economically
sttractive in comparison with diesel generaters or
grid line extensions, for expansion into the
potentially larger domestic market it is necessry
that the price drops to around $40-75/o2. For
modules with a conversion efficiency of eptical to
electrical energy around 13-17 per cent this would
imply and electricity cost of about 6.5¢/Wih
(expressed in 1982 dollars). It is highly isprebeble
that modules based on single crystal Si solar cells
vill ever achieve the target cost, so despite cheir
ateributes, it follows that che future of PV ia the
industrislized countries must depend on alternative
cheaper materisls and lower cost production
techniques. In the three key papers in this issue
(by Coutts, Boer and Madan), Chese aspects are
discussed in greater derail.

From the perspective of a2 developing couatry,
the driving force is still essentially ecounomic but
is more subcle. Shortage of capital can, in many
cases, introduce an extrs option beyond simple cost
comparisons; that is, not to purchase any
electricity generating system. Since this would mean
tolerating a lower quality of L°fe than would be the
case with electrification, it is clearly an
undesirable option.

We shall see that the alternative materials are
all to be used in thin film form. For the developed
countries, this implies lower materials and
production costs than for single crystal Si. For the
developing countries, although these factors are
important, an additional considerscion is that the
production of these devices relies on relatively
low-level technology which implies chat the need to
imporc is obvisted. Hence, if PV is to be used
extensively in these countries, one would expect
those devices based on thin films to have che
greatest potential. It is these which will be the
subject of this edition. In the first paper, Bder
reviews the properties required of solar cell
materisls from s physical basis. In the second,
Coutts discusses in more detail the economic
arguments in favour of thin film polycrystalline
solar cells, reviews fabrication methods and their
technical ststus, and indicstes problem sreas and
research directions for the future. In the thivd
paper, Madsn presents the case for «-Si:H based solar
cells, the third key option of the thin film
devices. For the reader who does not wish to proceed
beyond this introduction, I shall now try to present
s précis of each of these three papers.

Bder's paper begins with an historicsl
background of solar cells which commercislly begins
wvith their use in sacellites. Although the devices
have been used in this context very successfully for
many years the problems with regard to terrestriasl
spplication are much more severe. Although a solar
cell is simply a large sres diode snd elamentary
solid stete theory is cspable of explaining many key
features of performance, more slegant theories are
required to explain certsin non-intuitive aspects of
their behaviour. Professor Bder spends some time in
discusrsing the numerical techniques he has developed

to solve the traasport, coatiawity and Poissoa
equatioas vhich, at the fundemental level, trviy
explain the underlyirg physics. The non—specialist
reader may be shat overaved by this approach and
may vish to concentrate on the sections preceeding
and following the theoretical section. The

perfor of the modern generation of single
crystal Si cells is then discussed, snd the value of
modern efficiency-enhancing techaiques such as
minority carrier mirrors, surface texturing asnd
shaped collector grids, is explained. The seyueace
of processes in the preparation of semicoaducter
grace single crystal S:i is then presented. As
already indicated, it may be that cells based on
single crystal Si will be too expensave for
large-scale utilization in developing countries (a
point made by all three comtributors to tmi~ special
issue). BOer discusses briefly the potential of
cells based on amorphous Si which should probably be
of much greater interest to developing countries.
There are, however, prodbless of degradation of
efficiency (the well-known Staebler-Wroaski effect)
and these must be solved before of-Si cells are used
in large volume. To date, this problem 2:as proven
somevhat obdurste. Of special interest to a number
of readers will be BSer’s informstion on US

Gover P ed resesrch, and on various
partnerships betveen GCovermment and industry. The
author then touches briefly on celis based on CaAs
(less relevant to developing countries), CdTe and
CulnSez. The latter two of these are discussed in
greater detail in the second of these three papers.
Finslly, Professor Bger givcs details of markets and
break-even costs in the USA. Although this
information may be of general interest to the reader,
as pointed out earlier, simyle economics are not
relevant in the concext of developing countries.

In the next paper, Coutts discusses the two
polycrystalline solsr cells based on CulnSe; and
CdTe. These ure two of the thin film cells (tne
third being ~Si:H) which are peing vigorously
pursued in che USA. The paper begins with 3
discussion of the economic arguments relat:ing to
these devices but the author concludes that chere are
too many uncertain inputs to the cost/benefic
formulations to lend the results real credence.
Internationsl and politicsl changes alone can
radically sffect these calculstions. However, the
general feeling regarding the attsinment of cost
targets is optimistic for thin film cells. It is
also pointed out that minersls limitations may be che
wost severe constraint on the large-scale production
of CulaSez and CdTe cells. This of course will
never be the probles with ~-Si:H cells. In general,
h , the hor concludes that the most important

pects of izs are cell efficiency, large area
high throughput msnufacturing cspability, and cell
scability. Esch of the subsequent sections of the
paper considers chese in sose dectail. The
requirements for efficient photovoltsic conversion
are discussed in general terms, and the
non-speciaslist may find this essier to follow than
Bder's detsiled snalysis. This section of the paper
slso relates to the final section in which probleas
and future research directions are indicaced. It
should be remembered that the materials properties
required of the semiconductors sre rscher specific
and demanding. Thet they must be achieved over large
sreas ot 8 high throughput is even more demanding.
Problems of pinholes, non-uniforwities in thickness
or composition, and struczural (i.e.,
crystallogrephic) variations, must sll be solved.
Unfortunstely, investigastion of these issues requires
corsiderable capitsl investment which is not
svsilable during the present times of budget
rescrictions. The third area, thet of device
stability is bettar understood and, with the two .
naterials considered in this paper, is not an
intrinsic probles. Rsther, the problems arise due to
degradation of extarnal comtacts and of the cell




eacapsulation. Hence, more attention must Se paid to
these technological, as opposed to fundamental
aspects. This will be particularly true for
application in developing couatries vhere .
eavironmental conditions can be extreme. Finally the
author discusses the major research areas which will
be followed in the future.

The final paper of the three deals with the
amorphous silicon solar cell which, intermstiounally,
probably receives more attention and funding than the
other devices. Since these papers have been written
independently and have not been collectively edited,
there is inevitably some duplication. For example
Dr. Madan again stresses the value of thin film
cells, and «-Si:H in particular over single crystal
Si. However, the poiuts resdily bear repetition. A
potentially useful feature of this article is the
listing of companies actuslly marketing
opto-electronic devices; solar cells in particular.

The basic physics of amorphous sem.conductors is
discussed aC an elementary level, which will probably
be appreciated by the non-specialist. The concepts
of "mobility edge” and dangling bonds are
introduced; these are fundamental concepts of
immediate relevance. Dangling bonds -educe the
quality of ®X-Si and the realization - 1at the
incorporation of hydrogen can ameli .«re the problem,
represents one of the major advances in this area.

In fact, so much hydrogen is needsd that the films
are tegarded as a Si:H alloy. Films of the latter
are usually, but not always, produced by glow
discharge decomposition of SiH; (Silane) and the
tvo conductivity types achieved by adding PH3
(phosphine, for n-type) or BjHg (diborame, for
p-type). In this way p-n junctions can be
fabricated. However, the physics of these devices is
stiil more complicated than crystalline silicon and
there is still a severe lack of knowledge regarding
loss mechanisms, and this makes predictioas of
maximum efficiency somewhat uncertain. However, 2
probable upper limit would seem to be about

18 per cent. Although the incorporation of hydrogen
greatly improves the materials properties, these are
still poor by comparison with crystalline Si. This
means that p-n junctions with good diode behaviour
(ve remind the reader that & solar cell is merely a
photo-active diode) cannot be made. Hence it is
tecessary to incorporate an intrinsic layer
(i~layer) between the p- and n- layers. This
realization is central to the achievement of
efficiencies greater than 10 per cent, now routine
at laborstories throughout the world. Madsn then
discusses the possidle increases in efficiency
which may result from tandem or cascade cells. In
these, two or more cells are stacked upon each
other. Each cell responds best to particulsr parcs
of the spectrum and, in principle, high efficiencies
can result. For example, 18 per cent conversion
efficiency is anticipated within the next three
years. As regards fundamental issues, that of
device stability is of predominant importance. This
aspect is being vigorously sddressed worldwide and it
may be that the entire future of these devices
depends upon solving the degradation problewm. Msdan
then discusses various mass production technigques and
gives illustrations of chese. To the credit of the
industry module efficiencies greater than 6 per cent
have now been achieved.

Future trends are finally indicated and the
number of novel idess suggests cthact this topic will
ramain lively fcs many yeaars.

Conclusion

The three papers revieved nere should be
sufficient Lo convince even the most cursory reader
that the field of photovoltsice has the widest
possible range of subject interests. Aspects from

I I

fundamental sol.d state physics and chemistry, to
the economics and politics of mineral reserves aeed
to be considered. This diversity has ensured my
continued interest over 15 years and I see the
future as being, if anything, even more interesting
and challenging. It is hoped that this review will
stimulate a similar eathusiasa amongst
non—specialist readers, vho may vell be able to
infl future r ch, develop and
applications of photovoltaics.

The cosments and opinious expressed ian this
article sre those of the author and eo not
necessarily represent the views of his employers
(The Sular Energy Research Institute), The
Midvest Research Institute, nor the US Department
of Eaergy.

A veviev of eccnosic and technulogical
requirements of solar cells: status and
research directions of polycrystalline
thia=f1lw devices

For solar cells to wmake a large impact on the
provision of electricity for terrestrial coasumption,
it seems inevitable tnat the thin-file device will
need to be successfully developed. The relstively
high cost of single crystal silicon mitigates againsc
its ever achieving cost competitiveness with
conventionally generated electricity, except perhaps
in remote areas where the comparison would be with
diesel generators. In the medium-tera future, it is
aiso possible that systems based on optical
concentration of the solar flux onto highly efficient
cascade cells utilizing sophisticated ternary and/or
quaternary III-V alloy semiconductors will have s
substantiasl impact. Indeed, such systems may well
prove to be the long-term preferred option provided
that satisfactory solutions can be found to the many
fundamental and engineering problems. However, the
possible success of the concentrator systems does not
exclude other photovoltasic generators unless they
prove to have a significant economic advantage.

Since we are certsialy not presently in a position to
demonstrate with any degree of certaiaty whatsoever
that this will prove to be the case, the sensible
strategy, for the time being, is to pursue all
practicable options. Thin-film polycrystalline solar
cells have made significant progress in recent years
sod three materials combinacions have exceeded
conversion efficiencies (whenever tinis term is used,
it can be pre d that ts have been made
at 28°C, using the Aml.5 direct spectrum, normalizea
to 100.mNew™2; and under the atmospheric

conditions defined in NASA TH 73702 (1) of

10 per cernt. The three devices are Cd5/Cuj.,S,
CdS/CulnSey and CdS/CdTe; snd of these research on
the first {at least i the USA) has largely been
discontinucd because of obdurate problems of
stability. Of course, the efficiency of cells bases
on&-5i:H has also exceeded 10 per cent (2) but these
will not be discussed here since it is the intention
to concentrste on polycrystalline devices snd, in
pasrticular, on those based on Cd$/CulnSez and on
CdS/CdTe. In fact, we shall be examining the various
criteria for visbility of thin-film cells in general
but will attempt to illustrate the points by
reference to these particular devices. Firscly, we
shall examine the oversll case for the expenditure of
large suss of money on the development of thin-film
solar cells in cerms of their economic prospects;
next we shall discuss what properties are required of
tne msterisls and devices; thirdly we shall discuss
the prasent status of Cd$/Culnfe; snd Cds/CdTe

cells; and finally, we shall point out cthose
problems which presently sppesr to be the limiting
factors and the ressarch directions which sre being
folloved in the hope of overcowing tne problems and
realizing the objective of techmically snd
sconomically viable polycrystalline solar cells tor
large-scale teriestrisl utilizstion.




The economics thin-film soiar cells

Thin-film solar cells have several economic
strengths and weaknesses which are generally balanced
against each other in a costs/benefits analysis to
show that the technology either is, or is not, likely
to achieve cost-competitiveness with either methods
of generaring electricity. We shall briefly examine
these arguments.

The arguments are usually based on a comparison
vwith the costs associated with the production of
single crystal cells. The actual cost of an
individual cell depends on a number of factors, some
of which can be estimated with ressonable accuracy.
For example, having decided on the particular
fabrication technique, one might then estimate the
throughput of cells (meters”, per year), the
capital cost and lifetime of the equipment, the
efficiency of the cells, the labour cost, and whether
single or dovble shift operation would be required.
In addition to these more less well-known numbers,
vould be less tangible factors such as the prevailing
discount rate (which :s subject to large
fluctuations), whether or not the capital was to be
borroved and the duration of the loan, maintenance
costs, and the cost of the factory (and whether it
would be rented or purchased). Furthermore, the
total size of the market and the estimated share
likely to be acquired by an individual company, plus

their required return on investment, would affect the
decision vhether or not to compete in the field.
Despite these many complicated factors, the claim is
usually made that thin-film production techniques are
capable of yielding devices at a cost which will
uitimately urder-cut the cost of electricity
generated by silicon solar cells. More important is
vwhether or mot the thin-film cells will under—cut the
cost of conventionally— or diesel-generated
electricity and, again, to predict the cost of energy
from these sources at some date in the future is
impossible. Previous calculations have often assumed
a different rate of inflation of energy to that of
money (3), usually the former being assumed greater
than the latter. In recent years, the reverse has
been the case, and this quirk of internationmal
econonic forces alone would have been sufficient to
spoil many a8 hitherto promising looking
costs/benefits analysis. Possibly even more
importsnt than all the above vagaries is the
influence of political policy; i.e., grants,
tax-credits etc. These cun change not only the cost
projections but way have the effect of stimulating a3
market. Although it is perfectly reasonable for a
uctility company or a to specify what che
unit costs should be (because if that figure is not
attained, the product, 1.e., the electricity, will
remain non-competitive) it is much more difficult for
a2 manufacturer, potential or otherwise, to predict
vith any certainty whether (or when) that targer will

Table 1. Principal solar cells under develop

Mass of rare elea'nt

Approximate required per GWp
Semiconductor(s) Type of Rare Densit maxioum per = thickness Mode of
involved cell element (kgm m™”) efficiency (tonnes) Operation
Si single 2200 20 20.7 Flat plate
crystsl or low
concentration
amorphous 11 12.0
thian-fils
CdS/CuyS chin-film cd 8650 10 60.6 Flat plac
CdS/1InP single cd 8650 15 62.8 Only feasible
crystal snd wvith concen—
InP tration
all thin In 7310 5 57.6
film
ITO*/InP single in 7310 16 50.4 Only fessible
crystal with concen-
InP, thin tration
£film ITO
Cds/CulnSey thin~fils cd 8650 . 11 36.7 FPlsc plate
In 7310 13.6
Se 12.3
CdS/CdTe thin-film cd 8650 11 58.8 Tlst plate
Te 6240 18.1
GaAs/CayAly_jAs* single Ce 6095 23 37.1 Very high
crystal concentration
thin-film 5 flat plste

* 170 = Indium tin oxide (0.2 m thickness film, 200 m thickness crystal assumed).

#* x tsken as 0.2,




be achieved. Despite these cautionary comments,
there are many examples of low-cost, large volume
thin-film production lines, and it seems more likely
than not that the target figures based on the
economic constraints will be achieved. If there is a
limitation, it is the obvious one of achieving 2
sufficiently high efficiency coincident with low
production costs. Previous studies have shown that
unless a particular minimm efficiency is exceeded
(the absolute value of which varies from
time-ro-time) the cells themselves could be zero cost
but the system as 2 vhole would remain non-viable
because of excessive, area related, balance-of-system
costs.

In the above list of parameters influencing cell
costs, we have not included a contribution from the
cost of the materials. Cenerally, we utilize films
which are only of the order of one or two micrometers
thick so that even very large aress, vhich would be
crequired to generate significant amounts of
electricity, do not represent a large part of the
total cost. Possibly more important, however, is
the actual availability of some of the materials
used. In Table 1, we show an .ssessment of several
types of solar cell, inclufing the two we have cited
ss being of special interest here, and have
calculated the mass of the mineralogically
scarce element required, per unit generating
capacity, per micrometer thickness. The
calculation is based, very simply, on the
approxisate maximum efficiency of the
particular device, observed to date at the
lsboratory level (4).

In Table 2 we show a summary of mineral
reserves, resources and refinery capacity for
the various scarce elements itemized in Table 1.
Although the techniques of predicting the exteat
of reserves are notoriously prone to inaccuracies
(much less those of predicting resources), these
data at least give us an idea of potsatial problem
areas. Clearly, the estimates of the total world
reserves of indium and tellurium suggest that the
Iimited availability of these cogether, with a
fairly restricted refinery capacity, may well
constitute a problem if the CdS/CulnSez and
CdS/CdTe cells are ever to be produced in large
volume. With tellurium, the problem is less severe
because much of the resourzes could be converted
into reserves, given the necessary economic
stimulus. With indium, however, we have s wuch
more severe problem since both the resources and
the annual world refinery cspacity are extremely
limiced.

There is considerable contention in the
photovoltaic community about the sccuracy of these
estimates and it is not our purpose here to commsent
on this. As with the financial arguments presented
earlier, they sre intended to be cautionary only.
If indeed they were provaed in time to be sccurate,
then undoubtedly they would consritute a most
important economic argument for some and agsinst
other cells., Hence, the cost of the elements
involved in the two most successful polycrystalline
solar cells wey well be limited to 1-2 per cent
of the total cell cost, but their availabilicy
may prove the dominant decisive factor in the long
term.

In terms of material costs, that of the
s.bstrates would be expected to dominace over that of
the sericonductors (8), If, for example, we consider
an array generating 1 GWp with s conversion
efficiency 9! 10 per cent, then the required ares
would be 107m2, Clearly, if the substrates for
this were to be glass, the cost and production
problems would be severe. Hence there is an active
effort to develop low-cost substrates. However,
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eancapsulation will inevitably be required and since
glass has been the most successful material used to
date for this purpose, it may dbe difficult to find
a replacement. Possibly, thin glass films could
prove to be successful in this context, and these
have been successfully deposited by RF sputteriag in
the past.

Table 2. World wineral statistics (5)

Annual
Other Froducrion
Reserves Resources Capacity

Material (tons x 1¢3) (tons x 103)  (1980) ctous

Si unlimited unlimited 2879*
Cd 7540 18 142 29510
Se 168 461 2547
Te 39 109 406
In 2 2 65
Ga 110 55 29

* This figure is the actual 1980 production
level of polycrystalline silicom (Source:
Monegon (6)). The remsining values in coluan 4 of
the table are the predicted 1980 refinery capacities,
the data being extracted from several articles in (5).

** As an indication of the uncercaincies in
mineral forecasting see (7).

This concludes our discussion of the economic
case for solar cells. It is appareant that the case
is not az clear as some of the protsgonists of this
technology imply. Future fuel prices will decermine
what the proper targets should be for production
costs, and production experience will determine
vhether they can be met. Since the long-term
solution to enery shortage problems is likely to
involve a mix of technologies, it is only prudent to
continue development even of those which, like
photovoltsics, are surrounded by economic
uncertainties. To svwe extent, I believe, that the
economics will take care of theaselves; it is far
more important, for the time, Co concentrate on
improvirg device efficiencies. This will be the
subject of the next section.

What are the qualities required of thin-film
solar cells?

To mske this technology s success, there must be
several requiresents fulfilled which, in the last
analysis, all amount to reducing the cost of the
energy genersted over the lifetime of the cells. In
one sease this is simply s detsiled extension of the
economic discussion of the previous section but here
ve identify three key topics which are presently
being attscked. These are cell efficiency, the
ability to produce large sress with a high
throughput, and cell stability. All the economics of
the cells are inherent in these three fectors bu.
rather than discussing these, which as has already
been explained involves much gazing into crystel
balls, we shall concentrate on what is needed cto
ensure high efficiency snd vhet the limitations are,
on whst development of high throughput techniques is
being undertaken and what special problems need to be
addressed, and finslly on what practical experience
is available of the stability of the two devices of
interest.




Efficiency

The efficiency of a solar cell (9) is dependent
on the properties of the absorber, of the window
layer, of the junction between them, on losses at the
external electrical coatacts and on cptical losses.
Assuming that with careful design the latter two
losses can be made very small, we shall concentrate
on the properties required of the two semiconductors
and on their interface.

In brief, the properties required of the
absorber are that it should (10):

(i) Have a band-gsp somevhere around 1.5 eV
since this is oear the optimm for
photovoltaic conversion;

(ii) Have a large optical absorptiom coefficient
for all wvavelengths less than that
corresponding to that of the band-gap;
this ensures that minimal thicknesses are
required which minimizes the materials
Tequiremeat;

(iii) Lave as long a minority carrier diffusion
length ss possible; this ensures that the
photogenerated carriers diffuse to the
junction and are swept across it by the
iaternal field before recombination can
occur.

Similarly, the properties of the window layer
(assuming that wve are dealing with heterojunctions)
are that it should:

(i) Have as large & band-gap as possible so
that it transmits freely scross the solar
spectrum. Typical window layers are indium
tin oxide (with s band-gap of about 3.7 eV)
and C3S (with a band-gap of about
2.42 eV). Clearly, the latter cuts off at
2 longer wavelength than desicable;

(ii) Have as low a resistivity as possible.
This enables cthe thickness to be reduced
without the fils presenting & large
registance to the lateral flow of curreat
to the grid lines. Also, the spacing of
the grid lines can be increased for low
cesistivity window layers, which reduces
the shading losses;

(iii) Be straightforward to forw ohmic contscts;

(iv) Have large dismeter, vertical grains, or
have passive grain boundsries. In this
way, it is possible that the perforwmance of
polycrystslline devices can approsch that
of single crystal cells.

FPigures 1 and 2 show the sbsorption spectrs of
seversl semiconductors including those under special
considerstion here. As regerds the interface, there
are agsin seversl criteris which should be used to
guide the choice of the two materials (11). These
sre as follows:

(i) There should not be & severe mismatch of
the electron affinities of che window and
absorber lsyers. Such & mismatch can lead
to s discontinuity in the edges of the
conduction and/or valence bands snd this
can impede the movement of photogenerated
carriers scross the junction;

(ii) There should not be s large crystallographic
mismatch betwsen the two films. The
presence of missstch causes recombination
centres vhich lead to increased reverse
saturation current, and a reduced
fill-factor and open circuit voltage;

(iii) The coefficients of thermal expansiom of
the tvo materials should be as nearly equal
as possible. Since cCeposition of one
semiconductor onto the other is at elevated
temperature (e.g. a substrate temperature
of about 220°C is wsed for the deposition
of CdS onto CulaSe;) strain can be caused
upon cooling, and this again causes
interface states which increase the reverse
saturation cuwrrent;

(iv) The two materials should ideally be
non-reactive. This mesas that they should
ot react chemicslly, and should not
interdiffuse. Although such effects are
nesrly impossible to avoid on sn atomic
scale, they are actually undesirable
because they negate, or st least reduce,
the value of design criteria.

In primciple, there are many msterials
combinstious which weet Chese criteri: both
individually and as s combiaation but in practice,
very fev yield efficient devices. Other guidelines
can be used to defime the necessary optical sod
electrical properties of the components of a window
layer heterojunctioa solar cell. The monochromatic
photocurrent of such a device can resdily be shown to
be (to s good first approximation)

» K fl - (-«u)
R o W

where K is constant dependent on the photon flux at
the junction, & is the optical absorptiom coefficient
for the particular wavelength radiation, W is the
width of the depletion region between the two
semiconductors, and L is the minority carrier
diffusion length (in general, for electrons, since wve
virtuslly alvays consider p-type absorbers and n-tCype
window layers). To ensure g=l, we simply require
that the products®(W snd/or«L are large for the
absorber. Since the flux generates excess
electron/hole pairs in the sbsorber, it follows that
we vish as much of the depletion field to be located
therein as possible. Hence, a further design
requirement is that the absorber be much less heavily
doped than the windov layer. The actual widtn of che
depletion layer (and hence the required doping of the
absorber) should be of the order of 1/X. For typical
sbsorbers and useful wavelengths this quantity is
-0.3,;-; and to obtsin values of W of this maguitude
or grester requires the doping density of the
absorber to be 1016-1017 ca” Although values

less than this range lead to larger values of W and,
theoretically, higher collection efficieacy, in
practice they can also lead to the problem of
excessive series resistance losses. Since we wish
most of the depletion field to appear scross ths
absorbcr. .2 increase the drift component of the
collect: jhotocurrent, we can slso specify the
impurity conceantration of the window layer. It is
slso possible to improve the design by creating
graded impurity profiles which have the effect of
extending the depletion region (11).

Assuming that the simple photo-diode equaction

csn be spplied, the open—circuit voltsge of a solsr
cell -can be vritten, to s good approximation, as

Voc = AkT § i‘.'.
P ‘[J ] (2)
°

where A is the diode idealicy factor, k, T and e are
respsctively Boltzmann's constsnt, absoluts
temperature and electronic chargs, and J, 1s the
reverse ssturstion current. It follows from this
equation that the ratio (Ji/Jg) should be ae

large ss possible. The efficiency of a cell is given

by
N *dy .V o F 3




vhere F is the fill-factor of the cell. F also
depends on maximizing (Ji/J,), in the absence of
losses due to series and shunt resistance, and hence
on minimizing J,. Thus, the latter quantity
closely influences two of the three parameters
governing device efficiency. Since for many devices
1, approaches the theoretical limict for the
particular absorber/window layer combination, much of
the remaining potential for efficiency improvement
lies in reducing J,. There are nine possible
contributions to J, (I1) but, for heterojunctioms,
the most significant is often found to be due to
recombination via interface states. In fact, the
reverse saturation current (or rather its reduction)
is probably the single most important target for
device improvemint. To minimize J, requires that
the volume of the films is free of an excessive
density of recombination centres, that the interface
is as free of defect states ss possible, and that the
contacts are not problematic. Also, it is necessary
to ensure that interdiffusion and chemicsl resctious
at the interface are minimal. A large variety of
analytical techaniques is used to investigate these
problems and these will be discussed in the next

paper.

Production of large srea thin-film solar cells

So far ve have discussed cousiderations relating
to the possidble competitiveness of solar cells, the
availability of materisls, and the fundamental
physical design criteria. In this section we shall
return partly to the economic aspects in the sense
that we shall consider wvhat means sre being examined
for large-scale production of devices. However, the
need to deposit large areas of film with very
specific properties, very quickly, raises a number of
separate problems which are not of an economic
nature. CdS/CulnSe; cells are usually fabricated
entirely by vacuum deposition,the most well tried
having been developed by the Boeing Corporstion
(12). This technique coasists of three—source
deposition of the CulnSez and a single source for
the CdS, as seen in figure 3. The substrates are
usually of very limited area and deposition is
usually quite slow. The comstruction of & typical
cell is shown in figure 4. Although efficiencies
have reached 11 per cent for these smsll ares cells,
to commercislize them will require rapid throughput
of large areas, vhilst still msintsining high
efficiencies. Exsctly the same comments can be made
of the CdS/CdTe cells; these have slso exceeded
10 per cent conversion efficieancr snd show great
potentisl.

We shall now consider what the requirements are
of the large ares processes and shall then mention a
few of the techniques being examined.

Production rat.s

For photovoltaics to mske s significant impsct
on electricity supply in the USA it would sppesr that
they eventually need to be introduced at s rate cf
around 10 GW of genersting capacity per yesr. This
weans that chere should probably be sround 20 such
mschines esch with s cepacity of sbout 50 M4 (13).
For s device efficiency of 15 per cent and sn sres
utilization of 80 gcr cent, this would require an
output of 4.2 x 10 n? per yeaar. Assuming
5000 _hours of operation per yesr, this corresponds to
80 n? per hour, or 2.2cm/sec. for a width of 1 m.

If the length of the deposition region is 100 cm
(eassuming & batch coster), then the coating duration
will be sbout 50 seconds, so that if the required
thickness of the sbsorber is 5000 A, the deposition
rate will be sbout 5,500 A/min. Although this is
readily sccainable, it must be remembared chac sll
the required film properties must be maintsined
throughout the production schedule.
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Potential problems

(i) Pioholes

The filss must be pinhole-free otherwise shorts
will be formed vhich can severely degrade device
performance. The origin of pismholes is wsually
particulate matter and this can be due to inadequate
substrate cleaning or to falling dedbris from withie
the deposition system. Hence, great care will need
to be paid to the cleanliness of the substrates and
the interior of the deposition systems and this will
need to be incorporated on a rowiine basis to avoid
loss of yield.

(ii) Thickness non-uniformities

Whatever the method of deposition used, there is
inevitably a distribution of the material emitted
from the source(s) snd hence of film thickness. For
the absorber layer this could be am important
consideration simce it is mot ounly necessary to
ensure the thickmess is greater thas some mimimum
value, but 2lso that it is mot excessively thick
wvhich would result in msterisls wastage and loss of
time.

(iii) Cowpositional nom-umiformities

For compound semiconductors it is mecessary to
msintain the required composition across the entire
substrate area to ensure consistency of electrical
and optical properties. When two or more elements
are being evaporated, it may be possible to resuie
departures from stoichiometry bty using several
carefully distributed sources of each macerial. In
the case of sputter deposition, the problem may be
lessened by using large area targets.

(iv) Angle of incidence effects

It is known for evaporation that the grains of a
polycrystalline film tend to align themselves towards
the vapour stream. In the case of evaporation from
several spatislly distributed sources, the problem
can be expected to be more complicsted. It is mot
difficult to see that the properties of films of
varying grain alignment and surface texture would be
very unpredictable. Im sll the sbove csses, the
effects would be to lead to a distribution of film
snd, hence, of cell properties. It is not difficult
to show that the effect of this is to degrade the
overall performsnce to thst of the poorest areas.
Virtually nothing is known sbout these effects in
large-scale production. Although the sbove comments
hive been simed specificslly ar vacuum depositiom, it
is certsin thst the same problems will srise in asll
methods .

Methods presently undsr invu:ie:ion

The problem of large sarea rapid deposition, is
slready being investigated and seversl methods are
being considered. For evaporation of CulnSe;,
(using open boats and Knudsen effusion cells
thorough studies have besn made of the problems
arising in scaling up from lasboratory scsle. The
problems are not simply ocues of scale but iavolve
non-linear differential equastions (14). The
difficulties of scale-up have basn usefully
illustrated by snalogy with laboratory snd production
scale genetic enginearing. Resctive msgnetron
sputtering is slso under comsiderstion (13). This
method involves sputtering from two metsl targets
(copper and indium) in & partial pressure of HySe.
Other methods with the potential for large ares
costing of CulnSe; include alloy plsting, close
spaced vapour transport, and slectrodeposicion. In
the case of CdTe deposition the methods being
investigated include chemical vapour transport,




electrodeposition, and hot-wall evaporation.

Alchough sukstantial progress has been made, research
has been too limited to expluit the potential fully.
In terms of area the largest successful CdS/CulnSe)
cells fabricated so far are approximately 100 cw
with sa efficiency of 6.2 per cent; for CdS/CdTe,
devices of up to 4,000 have been produced with
an efficiency of 5 per cent. A susmary of these is
showm in figure 5. Althougn these results are
extremely promising, much wore effort needs to be
made. Careful studies of the physics of growth of
the films have in general not been made and certainly
the relationship of the growth paraseters to the
device physics is an unexplored area.

Device stability

It is of gres” importance that solar cells
maintain their electrical output, without degrading,
for about twenty years, if the system economics are
to stay competitive. Many mechaniswme of degradation
can occur. Siunce several interfaces are involved in
the device structure, chemical reactions or
interdiffusion can take place and these will
certainly affect device performsnce. However,
degradation of the external contacts appears to be
the cause of such instabilities as have been
observed. CulnSez devices have shown excellent
stability after exposure to simulared sunlight for
over 9,000 hours ir controlled enviroument. However,
degrsdation of the front contacts of unencapsulated
cells has been observed during outdoor testing, and
this appears to be due to attack of the aluminium
grids by water vapour and chlorine. The solution to
this problem probably lies in the development of
adequate encapsulation, or of more sophisticated grid
structures. As yet, no studies on the stabilicty of
CdTe based ce'!ls have been sponsored by DOE/SERI.
However, twd of Che companies involved in
manufacturing devices (Kodak, Matsushita) have
performed preliminary studies. The former has
obtained some evidence of contact degradation whilst
the latter has not observed sny degradation of
performance on their screen printed cells. We may
conclude from this that problems of stability appear
to be minimal compared with octher cells, for example
CdS/Cu3S, and that such instability as is evident
is due to degradation of aspects of the cell other
than the two semiconductors. This is most
encoursging, since the latter problems tend to be
inherent, vhilst the forwmer are technological and do
not present s fundamental limitastion.

Problem areas and ma jor research direccions

(i) Low V,. in CdS/CulnSez cells

Empirically, it ha. usually been foind that the
open circuit voltage of cells is approximacely 2/3
the energy gap of the sbsorber. This is the case for
many absorbeis, but the rule certainly does not apply
to CulnSez for which cypically Voo = 400-450 v,
i.e., less than 1/2 Eg. The reason for this is
uncertain other chan that it is due to excessively
targe values of J,. However, as we have sliready
pointed out, there are many possible causes of this
and the parciculsr contribution has never been
isolated. Since it slso limits che fill-fsctor to
less than 70 per cent, it is vitally important that
this problem be addressed. Recently, there has been
considerable discussion sbout the nature and locstion
of the sctive electrical interface in these cells.
EBIC data imply that the devices sre actuslly buried
homojunctions (slthough the mechinism(s) by which
type conversion occurs is (are) still very much under
discussion). Spectral response dsta however tend to
contradict this ctheory. If indeed the buried
homo junction model is correct, then we would expect
Vv,. to be substantially lower than if the
heterojunction model spplies. Since improvement of

ettt T
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the device efficiency largely depends oa improving
VYoc, it is critical that this issue be r-solved.

If Voo could be improved to mearer 600 aV then an
efficiency approaching 15 per cent could be achieved.

To resolve this problem will necessitate
improving our knowledge of the defect chemistry and
the role of extrinsic doping of CulnSej. These are
fundsmental issues vhich are arising at a time when
the device is already being comm.rcislized. That
they have not been resolved already is probably due
to two reasons. Firstly, straightforvard technology
enabled relatively high efficiencies to be achieved
vithout chere appearing to be a need to study the
materials at the fundamental level. Secondly,
CulnSe; is unusual as an electromic siterial, in
that its only evident application is in solar cells.
Hence the wealth of background informetion asvailable
for many materials does not exist for CulanSe;. The
future of this material probably depends om tnis
situation being remedied.

(ii) Coutrolled contacting to and extrimsic

doping of p~CdTe

Single crystals of CdTe can be doped a—type or
p-type with an excess of Cd or Te respectively.
Extrinsic o—type doping with indius of both single
crystals and films is also possible. It is slso
possible to produce low resistivity p-type crystals,
but extremely difficult to produce highly conductive
p-type polycrystalline thin-files. In genersl, the
impurities rend to segregate at the grain
boundaries. It app~ars that oxygen incorporation
during processing or after deposition improve the
conductivity. This observation is rather similar to
that of the effects of junction movement in
CdS/CulnSey cells. To produce p-type films
reliably and reproducibly requires much more effort
in cthis area.

The contscting problems to p-type CdTe can be
summarized as follows:

- Low resistivity (£ 10 ca) n-type films of
CdTe can be produced and Chese permat very
thin tunnel junctions of low contact
resistance Co be made with certain metals.
Such low resistivities cannot be achieved for

p-type films;

- The electron affinity of n-type CdIe is adout
4.3~64,5 ¢V which is alwost equal to its work
function for degenerate, low resistivity
material. For p-type material, the work
function is spproximstely 6.0 eV, Ohaic
contact to r~type materisl requires metals
with a work-function sround 4.4 eV; for
p-type materisl s metsl with work function
grester than sbout 3.8 eV is required. Many
of the former sre available, whilst there are
none of the latter.

The contact resistance between & metal and a
semiconductor is governed by the height and cthe width
of the potential barrier between the two. As
explained, it is difficult to make either small for
p-type CdTe. Since there sre quite severe losses
associsted with poor quality contscts, sgein Chis is
an sres which will certsinly receive considersble
steention.

(iii) Development of p~type window—layers

Al}l window-lsyers presently available are n-type
and certsinly there is no p-type semiconductor with &
band~gap spprosching that of msterisls like ITO and
Zn0. This is & somewhst limiting sicuation since. ic
removes the possibility of exploring the potential of
vindow-lsyer heterojunctions using n-type absorbers.




Both CdTe and CulaSe, are available in n-type form
and may have advantages over the p-type absorbers.
However, the materials which can be made p-type,
highly conductive and transmissive have a band—gap
less than even that of Cd5S (~2.5 eV) so0 that
absorption losses near the maximum of the solar
spectrum would be prohibitive. It is possible chat
materials such as CuGaS2 with its band-gap of

2.8 eV may be suitable or, indeed, other alloy
systems could be developed. However, to date little
effort has been devoted to this topic.

de cells

(iv) R reh_into ¢

Thin film cells have just the same possibility
of being grown in tandem or cascade form as do the
ternary 1II-V alloy devices. Optimus devices,
theoretically, would utilize a top-cell with an
absorber band-gap of about [.6~1.8 eV and a bottom
cell vith an absorber band-gap of 0.9-1.1 eV. This
is shown diagrammatically in figure 6. Several
materisls possibilities exist including CulnSey,
a-Si:H, RAgCdTe, for the lower absorber, and s-Si:C:E,
CdTe for the upper absorber. Also, the material
CuGaSe; should be nesrly ideal particularly from
the point of view of compatibility in CulnSe;.

There are also other alloys based on CdTe which have
great poteantial. With any of these systems the
production problems are severe since it is necessarcy
to maintain high-quality materials properties
throughout the deposition of many layers and over
fairly wide temperature ranges. However, the very
high potential efficiencies are attractive and
cascaded thin-film systems have much to offer.
Resesrch in this area is comparatively limited at
present and efficiencies appear to be limited by poor
quality contacts to CdTe (ia s C4S/CulnSez:Cd4S/CdTe
cell). A typical device construction is showm in
figure 7 aud, in this configuration, efficiencies of
several per cent have been recorded (15).

(v) Ad d deposition r ch

The major obstacle to investigating large-scale
production technologies is cheir cost. MHence, far
more effort has been devoted to improving the
efficiency of small ares devices than to studying the
host of problems associated with large area
deposition. Pr bly a5 the small ares
efficiencies and the prospects for commercislization
improve, more attention will be given to scale-up
problems. Perhaps the main point Lo be remembered is
that the efficiency of large areas will alwvays be
less than chat of smsll areas snd so the waterisls
quality must be superior for the former, if
efficiencies are to be maintained. Virtually no
resesrch has been done on the nuclestion snd growth
of the sbsorber films CulnSez and CdTe and, noct
surprisingly, the films and cells tend to ba somewhat
ill-defined. This situation must change before large
area deposition can be made practicable.

Conclusions

Although many economic studies have been made of
the probable cost-competictiveness of solsr cells, it
is our belief that chere are too many variables for
these calculations to be relisble. If indeed there
is an economic restriction, for the thin-film devices
based on CulnSez end CdTe, it would be the
availability of In snd Te.

Simple ctheoretical considerations indicate thaet
the major improvements to be msde vith CulnSey
cells are vith V,. and the fill-factor, both of
which depend on reducing J,. With the CdTe cell
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much of the potentiazl improvement in performance
will rely oa improving the coatact to tha p-type
material.

For the cascade cells, operstionsl devices have
already been Cdemonstrated but there are coasideradble
problems. Contacting the Cdle is again problemat:ic,
but there is the additional difficulty of avoiding
interdiffusion of the various films and of providing
transparent tunnel junctions. Optimization of either
the two or four comtact techaique must be schieved.
Finally, much more detailed studies of film and
device properties need to be made, even at the
laboratory scale, if the large area high throughput
production techmiques are ever to be successful.
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VOLTS FROM THE BLUE

. _The idea of turming sualight into +lectricity
inspires visions of 2 vorld freed from dependence om
scarce and polluting fuels. But slthough solar
cells - also called photovoltaic (PV) devices becsuse
they generste 3 voltage wvhea exposed to light - have
existed for more than three decades, their high cost
hss until recently restricted them mainly to swch
exotic uses as powering spacecraft. Commercial
success is mow coming, but in less dramstic form than
was once imagined. The Jspanese, recognizimg that
there is more money in consumer products tham in
spaceships, are turning owt millioms of PV-—equipped
wvatches and caitulatcrs s wonth, and solar cells will
soon appear on larger products, such as battery
chargers, TVs, and sutomobile fs

Solar electricity is still expensive. PV cells
cost roughly $10 per watt of gemerating cspacity,
several times wore than a conventionsl power plent.
But in contrast to other power sources, the "fuel™
costs nothing sud there are mo moving parts to break
down. Moreover, PV Cechrology works well on any
scale, so cspacity can be expanded step by step.

The cost of PV cells has dropped enough so that
they can now compete vith diesel gemerstors for power
st remote sites — such as communicstions relays and
vater pumps — that sre not hooked up to s utility
grid. Solar cells are especislly sttractive in third
world countries, where there are fewer central
generating plants and where fuel prices can be
exorbitsnt. In India, for exsmple, diesel costs $4 a
gallon.

Solar power’s drop in cost - a tenfold reduction
over the past decade - stems from s radicsl shift in
photovoltaic technology. Invented st Bell
Lasboratories in 1954, solar cells were for meny years
made simost exclusively of the same ultrapure snd
expensive form of silicom crystsls so ubiquitous in
microelectronics (vhere the quantity of materisl per
device is wuch smaller). But the Jspanese have
demonstrated that for many applicatioms, especislly
vhere it ir not thet important to gemerste large

s of p per og foot, chespar and less
refined moteriale are perfectly sdequate. Thay can
go onto less expensive substrates, bs churned out

crystalline CdTe/CuinSe, Solar Cell.
€
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wore rapidly at looser tolerances, and cover arcas
wuch lsrger than those feasible for crystalline
silicon devices. Furthermore, they can be
nsaufactured with straightforvard, highly
controllable processes that are easily integrated
into s countinwous productiom line. Although the
performance of these lower—cost PV devices does not
yet approach that of the best commercial crystalline
devices - vhich transforwm into electric powver up to
15 per cent of the solsr emergy that strikes them -
some are coming close, and improvememts are occurring
steadily.

The lesding lov-cost approsch involves thin
films of semiconductor that sre only 0.5-50 microos
thick; “Dbulk” crystal devices, by contrast, messure
150~250 wicrons. Thin files soak up lLight as mxh ss
100 times better than bulk crystals, thereby reducing
the amovnt of materizl needed, and they offer less
electrical resistance, simply because the electrons
pass through less msterial on their way to the
contact.

Thin—filw PVs can be made from a variety of
materisls, such ss cadmiuva telluride and gallium
arsenide. But the favorite, which drives virtuslly
all the solar-powvered watches and calculators now on
the market, is amorphous (nom-crystalline) siliconm.
In 1985, over 8 megavatts vorth of smorphous silicoen
PV devices were produced, sccording to
Edward S. Sabisky, menager of the amorphous silicon

rograsme aC the Solar Energy Research Institute
Golden, Colo.). Utilities are showing interest as
well. Alabama Pover, for exsmple, plans to build an
experimental power plent in which amorphous silicon
solar cells generste 100 kilowasces.

Amorphous silicon is 40 times more
light-absorbent than crystalline silicon; hence far
less material is needed to produce useful power. But
commercial smorphous devices are only 4-6 per cent
efficient, While several lsborstories in the US and
Japan have reported small smorphous cells rated acC
10-12 per cent, this is still only sbout half as
efficient s the best single-crystal silicon cells.

Huch of the wvork on raising smorphous silicon's
performance involves slloying vith other meterisls.
In any solar cell, electricicy is generasted only by

onceptusl
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those photons with enough energy to lift an electron
from the valeace band (in which state it is tightly
linked to the atomic nucleus) into the conductive
band; photoas vith energy lower than this “bandgap™
valu: pass through the material with no effect.
Amorphous silicon has a relatively high bandgap -
1.7 electron-volts (eV) - resulting in a higher
voltage. A cruci.l disadvantage, b , is that
the cell produces a low curreat, since it responds
only to high-energy ohotons (that is, photoas toward
che blue end of the spectrum). The much more
acundant red and yellow photons lack the energy to
make the electrons conductive.

Alloying amorphous silicon with another material
can change its bandgap sad thus broaden its response
to cover more of the solar spectrum. In one
perticularly promising approach, two or three cells
sre stacked one on “op of another, each slloyed to
“tune” ic to a different portion of the spectrum.
The top cell may contain an element such as carbon
that increases the bandgap, and the bottom layers
coulé contain band-gap-reducing substances such as
germaniem. The silicon-carbon alloy intercepts the
high-energy (blue and violet) photons; the remainder
of the sunlight passes through to ve absorbed in the
silicon-germe-ium zone.

Such "multijunctions™ caa be produced either by
passing the substrate froms one deposition chamber to
the next (the monolithic technique) or by fabricating
individual cells sepasrately and Chen stacking them
mechanically. Monolithic cells lend themseives
better to continuous mass production, but suffer from
a severe constraint: with present fabricatiom
techniques, 2 monolithic wultijunction is limited to
a single pair of electrical contacts, one at the top
and one st the bottom. The prodles with such a
series hookup is that the ouptput of the stack caanot
exceed the smallest current produced by an individual
cell. Designers must therefore adjust layer
thicknesses 50 that each celi produces roughly the
same current vhen exposed Co typical sunlight

conditions; any extrs current will simply be wasted
as heat.
Mechanically stacked cells can each carry their

own set of contacts, avoiding the need for current
matching. The additionsl comtacts block some
sunlighi, however, and slso complicate assembly
because they render the device more f-agi'e. These
problems could be solved with the use of more
transparent contsct msterisls and with refinements in
assembly techniques.

Multijunctions are responsible for the high
performsnces of several lsboratory devices. Energy
Conversion Devices (ECD ~ Troy, Mich.), for sxample,
has reported s 13 per cent unit cowprising a steck of
three cells. The top two cells, consisting of
unslloyed smorphous silicon, trap wost of the blue
light. The lower-energy red ph d d

pass (3
unimpeded and are absorbed in a bottow region of
silicon-germsnium alloy. ECD's next step will be to
sdd yet another layer belov the germsnium slloy, with
s still lower bandgsp to catch more of the
long-wavelength light.

There are slso vays to soup up devices without
using wwitijunctions. Sanyo, %or exswple, has
sttained 11.5 per cent efficiency in o
single-junction PV by texturing the top lsyer of the
cell to mske it more absorbent, and by making the
bottom contsct reflective; as a result, incident
light is trapped. In the US, Solarex (Rockville,
¥Md.), a subsidiary of Amoco, has reported s
10.4 per cent device using s "superlattice”; ewo
msterisls vith different bandgaps are deposited in
extremely thin slternsting layers nesr the top
surfsce of the cell. Although high-quality American
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and Jap:nese p_ototypes zre generslly no larger tianm
a square eatimeter, severa' US companies are aow
reporting square-foot prototypes it the 7-8 per ceat
range.

But there is a8 dark clouwd in the picture:
amo-phous devices Iose up to bhalf their efficiency
after a few weeks or moaths of exposure to the sun.
After this plunge, efficiency appears to remarn
coastaat indefinitely. This effect has not hampered
the most commoa use of amorphous silicon cells,
because wvatches and calculators drawv very little
pover; even the output of a degraded cell 1s
enough. Yet the material’s instability has been the
main obstacle to ils use in remote areas, where a
spent cell could be hard to replace.

Opinions differ as to the cause of amorphous
silicon's instability, but the prevailing viev blames
the fundamental character of the material. In
crystalline silicon, every atom is strougly bouded to
four other atoms to form an ed, di d-shaped
lattice. In the smorphous state, by coatrast, the
silicon—silicon bounds sre weaker, and the atows
assume a more jumbled arrangement, with msny dangling
bonds. Tuese defective bonds trap electrons,
reducing the current that reaches the cell’s
contacts. The problem gets worse over time, it is
thought, becsuse sun—esergized slectrons break more
bonds. Mesnwhile, however, sunlight hests the
material, accelerating the formation of bonds.
Efficiency eventually reaches equilibriuve when
this thermal hesling balances the bond-breaking
effect.

Happily, multijunction cells seem somevhat more
stable than single-junction cells. One reason is
that the introduction of alloys or dopaunts to fore
the differeat layers apparently relieves stresses
that would othervise bresk weak bonds. Also because
multijunction devices use thinner lsyers of material,
electrons are less apt to encounter a dangling bond
oan their short jourmey to the circuit comtact. And
when they do, the eleccrons are less likely to be
trapped, thanks to the more intense electric field
that develops in a thinner layer than in & thicker
slice at the same voltage. Consequently, the gradual
increase in broken bonds has a comparstively small
effect on the cell’s output. ECD recently reported s
triple-junction cell thst retsined 95 per cent of its
original 11 per cent efficiency after several months
of testing.

Another problem is msnufacturing: production of
sll sworphous silicon cells, whether multijunction or
not, is still a bottleneck. In the conventional
process, silaane gas (Silly) is decomposed by heat
and radio-frequency discharge in the presence of a
substrate. This "glow discharge” technique is slow,
however, ss well as subject to defects. Whnile
several slternatives are be ag studied, none seems
capable of solving the speed and quality problems at
once.

It is possible, for exsmple, to sccelerate the
process by using disilaze (3izNg), which contains
twice as muco silicon as silane does; unforcunately,
commercislly available disilsne is of uneven quslity,
besides being more expensive than silsse. ECD claims
that s 20-fold increase in deposition rste, to
0,01 micron per second, is poesible by boosting the
discharge frequeacy into the microwave régime. The
wicrowsve techaique is experimental, however, sud
still hss s relstively high defect rate. Other
companies may screp glov discharge sltogether.
snd Chronsr (Princeton, W.J.) are investigsting
photochemical vapour deposition, using the snergy of
light to excite stoms and molecules. This gentles
method has been shown to give higher~qualicy
msterial, but it is still slow,

Sanyo




Such probleas have spurved interest io
alternatives to amotphour siZicon. The atrougest
competitor is copper irdium direlenide (CulnSe.),
first developed as a PV material in 1980 at Boeing-
In sddition to being extremely stable, it is the most
light-absorbent PV material koown; near'y
99 per cent of incideat visible light is sbsorbed
within the first half micron. Another advantage is
that the electrons in CulnSey, when emergized by
fslling photons, remain conductive a relatively loag
time before returning to the valence band. Thus,
large proportions of light-generated charge carriers
reach the contacts and contribute to the electrical

output.

Although capable of generating fairly large
currents, copper indium diselenide is hampered by low
voltage owing to a bandgap of ony 1.0 eV. Largely
because of the low voltage, efficiency gains have
been slow in coming. Recent reports indicate that
the material will be most useful in conjunction with
other, higher-bsndgap materials. Arco Solar
(Chattsworth, Cal.), for example, has demonstrated s
12.5 per cent device by stscking amorphous silicom on
CulnSep. Cadmium sulfide could also serve as a
high-bandgap companion.

It may be possible, however, to increase the
bandgsp (hence the voltage) of copper indium
diselenide itself. According to one theory, the
casuse of the material’s low bandgap is a lopsided
bonding arrangement; the copper-selenium bond is
shorter than the indium-selenium one. This asymmetry
may be lowering the bandgep by up to half an
electron-volt. Laborstories at Boeing and elsevhere
are vorking on alloying the materisl with gallium in
the hope of evening out the bonds and thus raising
the bandgap to 1.3-1.4 eV.

The second major problem with copper indium
diselenide is its complicated fabrication process.
At least three different gases are needed to form the
compound. The process must be reprated many times,
adjusting the proportion of copper and selenium to
match the function of the layer being deposited.
Boeing has reported little progress in scaling up its
five-year-old chemical vapour deposition systcm, but
promising alternatives are emerging. In a process
cslled reactive sputtering, s stream of high-energy
particles jars copper and indium atoms loose from a
target. The ejected atoms pass through hydrogen
selenide gas, where they react to form CulnSez on a
substrate. Arco Solar is thought to be using this
technique, whizh is well suited to continuous
production of large—ares cells.

Another slternative, electrodeposition, is
already well established in battery production and
other industries. Copper is electroplated onto s
substrate, followed by indium; finally, the mix is

exposed to hydrogen selenide. The virtue is extreme

control: "You can literslly count atows,” says
Vijay Kapur, whose year-old firs, Internationsl Solar
Elegtric Technologies (Inglewood, Csl.), is now
trying to commercislize zhe process. Alter only a
few months of work, the company produced CulnSez
cells with a respectable 7 per cent efficiency.

The leader in CulnSez research is now Arco
Solar, which has reported efficiencies of
13.1 per cent for smsll lsborstory devices snd has
built square-foot prototypes working st
7.1 per cent. These modules contain 18 smorphous
silicon cells laid out on & single large copper
indiuw diselenide device. Innovations include
electrodes of zinc oxide thet sre more transparent
and conductive than the tin oxides used in other
cells, and & gel - placed between che amorphous
silicon and the copper indiue diselenide ~ wvith s
refractive index that compensstes for light-bending
that originates elsevhare in the device. These
festures sllow more light to resch the bottom cell,
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boosting power output. Ultimately, Arco Solar
expects to achieve efficiencies of 20-24 per ceat,
says research vice-president Charles Cay.

Of the other materials attracting imterest for
PV applications, the leading countender is cadmiua
telluride (CdTe), which has meither the imstabilicy
of amorphous silicon sor the low voltages of copper
iodiwm diseleaide. 1Its bandgap of 1.4 oV makes it
sensitive to most of the solar spectrum; im fact,
efficiencies of almost 11 per cemt have been reported.

But producing CdTe is 2 major challesge. Ome
problem is that deposition req.ires high temperatures
(600-700° C), ruling out the use >f some less
rugged (and less expenmsive) substrate materials.
Other difficulties stem from the meed for precise
control over the proportioms of the two elements. A
deviation of merely 1 per ceat in the ratio of
cadmium to tellurivm changes the materisl from
n-type, where electrons (negstively charged) are the
dominaat current carriers, to p-type, vhere electron
vacancies, or holes (positively charged), are in the
majority. A PV cell needs both o and p regioms in
order to produce electricity (see “A solsr cell
primer”); CdTe is ususlly made p-Cype, while a
transparent top layer of cadmiwa sulfide serves as
the n-type region. Unfortuastely, coatrol over the
ratio is hempered by a large difference in vapour
presscre between tellurium and cadsium.

One way sround some of these fabrication
problems is to use external dopants such as
phosphorus and atsenic to creste the n and p zones;
the Cd/Te ratio can then be adjusted solely to
minimize electrical resistivity, Some success with
this method has been achieved by researchers at Arco
Solar snd by Ting Chu, professor of electricsl
engineering at Southern Methodist University (SWU) in
Dallas. Arco Solar has produced small CdTe cells
with 9.1 per cent efficiency, and clsims it can reach
_5 per cent. While the company has no immediate
plans for commercialization, s spinoff does. Yerkes
Electric Solar (Chatsworth, Cal.), recently started
by Arco Solar slumous Willism Yerkes, is developing s
deposition process that Yerkes clsiams could run at
temperatures well below 500° C. Me hopes to scarc
up a small pilot line this summer, supplying
& x 6~inch custom c.1lls for spe:ialty products.

Another thin-film candidate, gallius arsenide
(CaAs), is better ku.sm to thne solar cell industry
for its high performance in bulk crystalline form.
Indeed, the highest efficiency ever attained by a PV
device, 23 per cent, cams from s GaAs call. The
material’s bandgsp of 1.45 eV is optimal - allowing
sensitivity to most of the solar spectrus while
producing s reasonsbly high output voltage. Whereas
smorphous silicon and CulnSey probably will not
exceed 15 per cent efficiencies for single junctions,
thin filas of GaAs could top 20 per cent.

Once more, however, the obstacle is
fabrication. United Technologies (Esst Hertford,
Conn.) tried growing single thiv crystals of gallium
stsenide on & low-cost, disposable substrete -
ordinary table salt. But this process was still
batch-oriented and slow. In snother project, SMU
tried depositing polycrystalline gallium srsenide
onto graphite~costed tungscen. Unforcunstely, the
process required temperstures of over 1,100° C, hot
enough to melc away part of cthe substrate. Such
failures have left CaAs as the darkest horse in the
thin-file race.

For the nesr future, then, amorphous silicon
will likely continue to rule the world of chin-Lilm
PV cells, despite the saterial’s questionadle
stability and relstively low efficiency. Some
solar-industry watchers predict that the Japanese,
vith their focus om supplying cells for mass-produced
consumer products, will achieve such economies of




scale chat amorphous silicon devices will be only
slightly more expensive than the glass or steel
substrates on which they sit.

In the US, Arco Solar, ECD, and Chronar have
each opened plants that can turn out & megavatt worth
of smorphous cells per year. Solarex is operating 2
pilot facility, but parent compsny Amoco has not
given the go-ahead for full-scale production.
Meanwhile, Sanyo alone has an annual production
capacity of 5 megawatts. Earlier Japsnese efforts in
amorphous silicon, together with the additional
factories scheduled to come on line soom, will give
Japan & stroung advantage in the low end of the market
for at least the naxt few years.
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A solar cell primer

The photovolteic effect, which underlies all
solar rells, involves & semiconductor stom's
outermost electrons. Silicon, the most common PV
materisl, has four such "valence” electrons, which
csn be shared with neighbouring atoms to fors bonds.
Hest or light can loosen the glectrons so that they
become mobile, and hence able to conduct. When that
happens, the electron moves sway from its parent
atom, leaving s "hole" at its former position. In
untreated materisls, a freed glectron would soon loss
energy and fall back into this hole without any
useful effect. To prevent such recombination, PV
cells consist of junctions much like those in
transistors snd other electronic cosponents.

Junctions are formed by doping - sdding
impurities ~ to change the electrical characteristics
of the host materisl. One side of the device is mede
"a-typs” by introducing atoms that contsin one more
velence glectron than do the stoms of the host
semiconductor; the other side is made "p-type” by
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doping with atoms having one fewer electron than the
host. After doping, excess electrons on the n side
spoatanecusly move scross the junction to fill vacaat
sites on the p side, giving that region & oet
negative charge; excess holes move in the opposite
direction, making the n side positively cnarged. The
resulting charge iwbalance creates an electric
potential that the PV device needs in order to
produce electricity.

The key to the photovoltsic effect is the action
of the electrons that have spilled over to the
p side. When mede duci ive by absorbing light,
electrons move across the junction toward the
positively charged n side. There, electrical
contacts cam draw them off as usable curveme.

By far the major limitation on solar cell
efficiency is poor matching with the solar spectrum.
Sunlight consists of photons that carry a wide range
of frequencies and hence a wide range of energies. A
PV device, however, responds only to those photons
vith enough energy to lift a valence electrom into
the conductive band. Photouns below this "bandgap”
threshold pass through without effect. With
higher-frequency photons, meanwhile, energy that
exceeds the bandgap is wasted as heat.

The ability of a I-microm thin fils to soak up
as such light as a 100-micron slsb of crystalline
silicon, and thus generate a comparable electrical
output, comes from another factor; the type of
bandgap, direct versus indirect. Crystalline silicon
has sn indirect bandgap; this means that when an
electron absorbs s photou and jumps from the valence
to the conduction band, it changes not only energy
but also momentum. In order for overall momentum to
be conserved, an electron can absord a photon only
wvhen an additional particle, called a phonon, is
formed in the crystal. By contrast, as~rphous
silicon and the other thin-film PV materisls have
direct bandgaps, in which electrons move betvesn
bands vithout changing mowentum. Becsuse they do not
depend on ph 4 ion, these direct-bandgap
materials are 100 to 1,000 times as light-absorbent
as bulk silicon.

Solar cell performsnce can be rated with values
other than efficiency. One useful yardstick is the
"£i1l factor”. If a wire comnects the cell's two
terminals, maximus current flows (ic is called
short-circuit current). If the wire is cut, the
voltage between the Cwo terminals goes to its maxieum
value (open-circuit voltage). Drawing lines st these
two values on a current/voltage plot forms s box.
Because current times volcsge equals power output,
designers would like both vaslues to remsin high under
all circuit conditions. The fill factor represents
the portion of this theoretical box thst is filled by
the cell’s actusl performance curve. Thus s fill
factor of 100 per cent is idesl. [n reslity,
however, current falls off ss voltage rises to its
open-circuit value; @ fill factor of 80U per cent is
considered excellent. (Source: High Tezhnology,
July 1986, p. 28)

CURRENT AWARENESS
1. Silicon
1.1 Amorphous silicon

Amorphous solar cell sets efficisncy record

An unprecedented energy conversion efficiency of
12.2 per cent in solar cells sade of propriecery
smorphous-msterial alloys has been reported by
Stanford R. Ovehinsky, president of EZnergy Convergion
Devices Inc.

The efficiency high was achieved in s cell
consisting of tnres extremsly thin, verticslly




stacked subcells made of proprictary fluworinated
amorphous nterial.. each subcell semsitive to a
different colour in the spectrum. The cells were
produced by Sovonics Solar Systems, a partnership of
ECO and Standard 0il Co. (Ohio).

A major advantage of multilayer cells is
excellent stability, says Ovshinsky. “The
triple~cell design has provean in our laboratories to
retain over 90 per cent of its efficiency over a
20-year period. Other high-efficiency amorphous
solar cells lose as much as half of their efficiency
sfter only 24 hours of illumination.”

ECD, in its joint venture with Sohio, is already
manufacturing 1-fc-wide by up to 1,000-ft-long
continuous—strip sclar cells wicth efficiencies in the
8 per cent range, Ovshinsky continues. This is
achieved with two-layer cells.

Looking te the future, Ovshiasky says that “from
the start of our wvork in photovoltaics, we bave
consistently been able to duplicate lsboratory
tesults in our large-area operations. For this
teason, ve expect to continue achieving higher
efficiency.” (Source: Machine Design,

10 October 1985, p. 2)

Stainless steel coil for a-Si PV

Japan’s firm Takasago Tekko has developed a vay
to mass-produce stainless steel coils used in making
amorphous silicon photovoltaic cells. A new surface
processing technique is used to give the cells a
sucface roughness of less than 1,000 angstrom.

The new method makes it easier and more
practical to use the new substrate material, the
company says. The material will be for SUS-430 aund
SUS-304 in thicknesses of 0.1-0.2 mm and 0.2-0.5 mm,
with a standard maximem width of 200 am. Other
vidths of 400 mm and 760 mm are also availsble.

To supply materisl inr coil form, PV cell
production processes were speeded up, and included
vapour deposition and coiling by continuous
processing. The domestic price per metric ton is
sbout 2,000,000 yen ($11,100). (Source: Soiar
Energy Intelligence Report, 25 February 1986, p. 63)

Amorphous superlsttice solar cells by optical CVD

Amorphous silicon (8-Si) is the most likely
candidate for low-cost, large surface srea solar
cells. However, s msjor drawback is cheir low
photoelectric conversion rate.

The Research Centre of Sanyo Electric has
developed s lam’nate moulding method for making solsr
cells with slternating 2.5 nm layers of s-$i snd
amorphous silicon carbide (a-5iC). In this method, »
substrate is first placed in & vacuum chsmber and
hested to 200-300°C, then, disilane gas, the raw

material for the s~Si layers, and a mixture of
disilane gas snd acetylene gas, the rav materisl for

the a-SiC layers are slternstely introduced. An
optochemical reaction is induced on the substrate by
ultraviolet light from s low pressure sercury vapour
lamp outside the chamber.

The finished film hss s definite 2.5 nm periodic
structure, and has been confirmed to be & high
quality superlattice film with few surface defects.

Although the solar cells produced using this
superlattice film moulding technology have the same
p-i-n structure as ordinary a-$i solar cells made ss
six-layer superlactice films, the n snd i Isyers sre
made by plasms chemical vapour deposition (CVD) snd
only the wvindow-side p~layer is made by opticsl CVD
(rigure).

As s resslc, this solar cell can wtilize the
300-500 wm short wavelength band of light which is
absorbed by the p-layer of ordimary 2-Si solar cells,
and bas a photoelectric couversioa ratio of
10.5_per cemt evesm with a surface area of oaly

1 .

Ssayo is the world’s lesder ia the spplicatiocn
of seperlsttice films for solar cells. The company
has ~hosen this aspprosch because by making amorphous
wmaterisls into superlattice film, the electrical
properties of the interface covditicns can be greatly
improved and also because saoTphous saterials have s
high degree of structural freedom vhich accommodates
noa-uniformities in the lattice structure, allowing
superlattices to be made easily.

The probles is whether the photoelectric
coaversion rate can be increased to nesr that of
stacked or other solar cells and even if it can,
vhether msnufacturing costs can be kept below those
for single-cryscal silicoan.

Superlattice structure p-layer
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Structure of the p~layer Superlsttice Solsr Cell

(Source: JEIRO, January/March 1987)
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The Research Centre of Sanyo Electric has
furcher developed s new automobile sunroof that
incorporates an smorphous silicon solar battery. The
Asorton Sunroof produces 10-20 W of power, enough to
run the car’s ventilator. Any extrs power can be
used to charge the battery. The solar cell is
sandviched between a protective fils and reinforced
glass. The sliding sunroof was introduced in
early 1986.

L AR A% J

An _experimental car running on amorphous silicon
soiar cells has slso been unveiled by Sanyo
Electric. The car, under development for S years,
can tun for 22.5 wmiles wvhen fully chsrged and has &
330 1b load capacity, s 15 mph mexisum speed and
recharges in six yesrs.

L A

NHatsushita Battery Industrial and Shows
Aluminius (both Osaks, Japan) have successfully
mounted sn smorphous si.icom photovoltaic cell on an
slominiom .;Eﬁfm[.—’. pouiblc lighter
weight, Iower cost module. In work done st
Mstsushics's Technology l-abouury. s 0.3-ms thick
sluminium substrate was levelope’ for a~8i, forming
the PIN structure vias plecws chesical vapour
deposition. The new cell has elecirical features
like cells vith stainless sisel or ;lass substrates.
The aluminium substrate is siode-oxidised, forming a
6-10 micron slumins filwm, after which chrome
eslectrodes are formed on the film's suiface using
electron beas ev. porstiov. PIN structuse a=$i cells
are next m'de on he sluminium plate using plasma
CVD. A protective transpsrent conductive nxide file
applied to tiz surisce complates the cell. Becsuse
sluminive rad.ates xore resdily thsn the polymide,
resin of other -ells, the newv cell is less prone to
reduced efficiency from heat buildup in outdoor use.
(Source: Solarlacel, ¢ January 1987, p. 6)




Amorphous silicon germanium for solar cell

The Electronic Technology General Research
Institute has developed a materisl enabling the
efficiency of an amorphous solar cell to be greatly
improved, together with Mitsui Toatsu Chemicals,
Nippon Class, Central Glass, Hattori Seiko, and
Shimazu Seisakusho. By combining the conventional
smorphous silicon with this new materisl called
smorphous silicon germsnium, it will be possible to
realize a revolutionary smorphous solar cell, which
can convert more than 15 per cent of optical energy
into electricity. The nev material is an amorphous
thin film alloy wade of silicon and germanium.
Utilizing its OES (optical emissiom system), it is
possible to precisely control plassa and to produce
thin film alloy at a speed as high as 2 A per
second. By accumulating the amorphous silicon thia
film and the amorphous silicon germanium thin fila,
it is possible to produce 2 high-efficiency cell, im
which short-vavelength light is converted into
electricity at the amorphous silicon layer, and long
wvavelength light at the amorphous silicon germanium

layer. (Source: Chea. &gx § Eng. Review,
January/February 1986, Voi. 18, Bo. 1-2 (193))

Righ conversion efficieacy smorphous solar cell

Mitsubishi Electric Corporation has sucicedcd in
manufscturing a prototype large area (100 ca‘)
amorphous solar cell with s three-layered tandem
construction that has a photoelectric conversion
efficiency as high as 9.6 per cent. It was
manufactured as part of the Photovoltaic Power System
Technology RED Project under the Sunshine Project,
implemented by the Agency of Industrial Science and
Technology of the Ministry of International Trade sad
Industry.

The three-phase tandem construction solar cell
consists of three laminated solar cells having
different wavelength areas, thereby utilizing the
sunlight’'s vide spectrum of light most effectively.
It is characterized by a high photoelectric
conversion efficiency and winimal cell deterioration
by optical irradiation, and while its construction is
complicated, it festures excellent productivity when
manufactured by the plasms chemical vap deposition
(CVD) process.

Conventional types of solar cells fail to
utilize the long wavelength portion of solar energy,
making them incapsble of using their full potentisl,
but this smorphous solar cell festures a high
photoelectric energy conversion efficiency becsuse of
the use of an improved smorphous silicon-germanive
(a-SiCe:R) material that absorbs long wavelength
optical energy.

Besides this solar cell technology, the company
is also engaged in the trisl production of e power
system amorphous solar cell module. (Micsubishi
Electric Corporation Public Relations Dept.,

2-3 Marunouchi 2~chome, Chiyods-ku, Tokyo)

(Source: JEITRO, April 1986, p.8)

Yuji develops enhancement for smotphous silicon cells

Fuji Electric Co., Tokyo, says it has developed
s way to mske more efficient smorphous silicon
photovolcaic celle. The technology esploys plasma
chemical vapour deposition to apply germanium in the
1 layer of s solar cell's P-I-N structure to lowver
the energy band gap of cthe layer to 1.4 electron
volts.

Fuji says it produced an 11.5 per cent
efficient, 1-sq-cm test cell lasc yesar using this
"radial sepsration plasma CVD" process and is seeking
to better this to 14 per cent on s module measuring
30-cm x 40-cm. The company has not ssid vhen such »

wodule might be available, but it is expected to
reach 12-1) per cemt perhaps by this sutumn.
MHarketing could start in late 1987.

The company now is upgrading the technology inm
manufacturing a 10~cm x 10—cm smorphous silicon
cell. Officisls are confident they can produce s
high—-efficiency device of this size using the new

process. (Source: Solar Energy Intelligence Report,
S August 1986, p.2507 == ~<pott

Indian resesrchers to achieve 7-8 per cent in
a-silicon by 1990: DWES

Indian researchers will develop the technology
for making large-ares smorphous silicon phocovoltaic
cells by 1990, at the end of the Seventh Plan,
predicts Maheshvar Dayal, secratary o° the Department
of Noa—Conventicsal Energy Sources (DMES) in an
article in The Hindu of Madras, Indias.

At & meeting orgsnized by the Indian Science
Writers Associstion, A. K. Barua of Calcutta’s Indian
Association for Cultivation of Scieance (IACS) noted
research will soon yieid a-Si efficiencies of
7-8 per cent on cell surfaces measuring 1 ft. sq., up
from the current 4~ per ceat on L ca x 1 em.
Efficiencies elsevhere around the world are higher -
Energy Conversiom Devices, Troy, Hich., aand the Solar
Energy Research Institute, Colden, Colo., are stable
at 8-9 per cent.

The IACS work is part of a mulci-institutional
programme of DMES and includes the Mational Physical
Laboratory, Wew Dehli; University of Poona, Pune;
the Indian Institute of Science, Bandslore; and
IIT Dehli. Some Rs8-10 crores of the total
Rs27 crores allocsted to DMES will be spent on R&D of
a-Si photovoltaic cells, say Dayal.

" smile, the paper reports, a
1-wegavatt-per—year pilot plant will soon be ready.
The design and process technology was developed in
Indis, slthough the equipment and some of the
sophisticated components will be imported. wayal
pointed out that development of a-Si technology has
been sccepted as one of the national techanlogy
missions, but is not clear vhether DNES will receive
adlditionsl funds to complete the project. (Source:

Solar Energy Intelligence Report, 14 October 1986,
p. 323) ==

France and Germany to co~operate in amorphous silicon

Tesearch

French and West Germsn resesarchers will
co-operate in designing a systes to vroduce smorphous
silicon materisl for photovoltsic cells, and display
and sensing devices. The effort is being conducted
as part of the European Lureks high-technology
research programce.

The researchers say they hope to design and
build a system able to create enough cells in one
year to produce s cumulative 1 pesk megavatt of
pover., The work will be performed by France's Solems
and West Germany's Messerschaitt-Bolkov-Blohm (MBB).

At present, Solems - 8 joint subsidisry of
Total Oil, s petroleum corporation, snd Saint Govain,
a glass manufacturer - is the only cospany in Europe
working on ssorphous silicon for use in solar cells.
MBB has expertise in the manufacturing of crystslline

silicon photovoltasics. (Source: M’-‘ﬁ;‘z
Intelligence Report, 5 August 1986, p. 2
Chronar dedicates its 100-KWP a-$i PV plant for
XTabana Fowver

Chronar Corp., Princeton, N.J., USA, has
officially dedicatcd the world's first amorphous
silicon photovoltaic pover plant, s 33,762 sq. fc,




100-kilovatt (peak) generator located at Alabama
Power Co.'s Alabaster, Ala., general services
complex. Construction of Lhe plant required
approximately six months. It is capable of
generating enough power to service the average needs
of 25 homes, Chronar says.

The 3.5 acre installation is arvsnged im eight
rous of panels connected in series to produce
250500 wolts. Each row is composed of 22 modules
connected together in 1l psnel junctiocn boxes. Each
wmodule coatains 16 of the company's 3-ft x &-ft solar
panels in parallel which produce up to 45 amperes.
The panels, manufactured at Chronsc's U.S factory im
Port Jervis, M.Y., are fixed st s tilt appropriate
for top output during the summer peaking Ctime.

The uanit automatically turns on st sunrise aand
off at sundoun. The AC-output voltage of the 480-V,
three-phase inverter - a 12-pulse utility-iateractive
unit with a computer wonitoring and msximum pover
tracking system - is transformed to 12,000 V for
distribution to the utility grid. The field can
produce over 0.5 megawatt-hours per day, Chronar
says. (Source: Solar Energy Intelligence Report,
1 July 1986, p. 206)

Amorphous solar cell by laser processing

The Semiconductor Energy Research Ilanstitute has
developed a laser processing techoology for cutting
only the outermost layer of 2 thin metal filw forwed
on the glass substrate. By utilizing this technique,
it will be possible to produce an amorphous solar
cell with a large area of 40 cm x 60 me. (Source:
Chem. Economy & Eng. Review, October 1985, p. 35)

A-gilicon way trigger boom in solar cells

Solar cell technology might dramatically change,
s University of Utsh physicist believes, if cells
vere made out of amorphous silicon instead of pure
silicon crystals.

In the sun-drenched west, for exawple, says

P. Craig Taylor, solar cells "could become a
reliable, economical alternative to energy derived
from cosl or oil, with the potential of creating a
multi-bitlion—dollar-a-year industry”. He feels that
"the technological importance of this research ...
from the development of sophisticated solar cells to
thin film transistors and lasers, should be great”.

Silicon is isiready used in semiconductors and
smell-dismeter solar cells to conduct electricity, he
aotes. Although amorphous silicon isn’t ss good as
pute crystals in many respects, it can be made
thinner, in larger pieces, in fewer steps and
cheaper.

"Smsller is better for solid state devices,”
said Taylor, "but if you're not concerned with
mninisture electronic circuits and fast switching
times, then lsrge aress may hsve important
implications.” In the case of solar cells, larger
would be better, he feals. But intensive production
methods and prohibitive costs have kept the devices
small, limicing their use to the recreational
market. Many scientists are working tc make solsr
cell devices from smorphous silicon. ., evsporsting
the substance on glass or stasinless steel, the
producr can be divided into sny size needed.
Amorphous silicon absorbs light better than
crystalline silicon, Taylor seys, and its efficiency
is s "respectable” 6 per cent.

Market captured at 15X efficiency

"If we could incresse that efficiency to sbout
15 per cent, then it's clesr that smorphous silicon
would capture an important fraction of the solsr cell
power market. It could smount to many billions of
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dollars a year if it turas out to be 2 viable
alternative to coal, 0il or other forms of energy.”

But bere are rosdblocks. Amorphous silicoa
displays several unstable qualities, "which appear to
be a generic property of the material™. For example,
exposure to light tends to degrade the material,
changing its physical properties and reducing its
efficiency. The structural chamges are subtle and
difficelt to fimd.

Researchers are using the latest techaiques of
electron spin resonance, nuclear magnetic resonance
and laser light to probe the atomic strecture. “To
get rid of these instabilities,” Taylor ssid, "we
have to understand vhat they are and why they occur.
We konow ‘why' in general, but we don't know enough of
the details to saswer the question of how to get rid
of them.”

The 1977 Mobel Prize in physics was given to
Mhilip W. Anderson and Nevill F. Mott for describing
disorder ia crystsllime solids. “"But this research,”
Tayloer said, “only geve us a partial solution to the
problem of instabilities ii a-Si. In & very sisple
sense the problem is uaderstood, but not ia a vay
that relates to resl materials. MNor are the
iastabilities understood.” Taylor's resesrch is
supported by the Mational Science Foundation, the
Solar Energy Ressarch Institute and the Office of
Naval Research. (Source: Solar Emergy Intelligence
Report, 15 April 1986, p. 170Y

1.2 Polycrystalline silicom

A better way to build efficient solar cells:

;Cn';l' P of the University of Erlangen—Mirnberg,

A nevw breed of photovoltaic cell (whose cost
will eventually be half that of couventional devices)
makes a quantus leap in conversion sfficiency and
promises a drastic improvement in price-per-watt
performance. Using inexpensive polycrystalline
silicon as its base material, the cell is about
14 per cent efficient - some & per cent better than
conventional polysilicon solsr cells.

The cell consists of & 1.5-um layer of silicon
dioxide grown onto s p-doped silicon substrate, onto
vhich & grid of sluminium contacts is deposited. aan
aluminium back coatact covers the cell’s entire
botrom. ‘The key step is the plasma chemicsl-vapour
deposition of an 30-mm-thick silicon nitride fila. A
mechsnical mask, racher than an expensive
photolithographic mask, is used to create the me:sl
contacts, which at just 8 wide permit current
densities as high as 35 J?:.z.

Keeping cool. 1In ordinary solar cells,
temperatures >f more than 800°C sre requird for »
diffusion process that takes over an hour to mske the
p~n junction. Moreover, if ion implantation is used
with s conventional cell, s high-tempersture step is
agsin required - this time to sctivate the dopsnts
and to sunesl dsmage that ion bowbardment causes to
the crystal lattice. These processes ultimstely have
a negative effect on the cell's efficiency.

Thanks to its silicon mitride film, the nev cell
requires no such steps. For operstion, the film must
have s high concentration of positive cherges st its
bottos -~ the side facing the substrate. These
charges set up s depletion region in the substrste as
wvell as & region vith s high elsctrom comcentration
nesy the substrate surface.

To schieve the high concentration of positive
charges, the resssrchers dip the cell into a solution
containing cesium. The regiom with the high slectron
concentration, sbout 10 to 50 os cthick, forms an
induced p-n juactiom.




This region changes, or inverts, the cell's type
of conduction - say, from hole to electron
conduction - henie it is called the inversion layer.
The positive cesium ions greatly increase electron
deasity in the inversion layer, thereby enhancing the
layer's conductivity.

The nitride film also protects the delicate
silicon surface and the wetal contacts from
corrosion, contsmination, and scratches. Moreover,
the film retards reflection, ensuring that as much
light as possible reaches the silicon. A textured
pyramid surface collects scattered light and further
cuts down refleciion.

Light penetrating the cell between the contacts
pcoduces hole-electron pairs, which are separated by
the depletion region’s electric field. The holes
diffuse toward the back contact while the electrons
travel through the high-conductivity inversion layer
to the contacts above. Current then flows through
the external circuit, its strength depending on the
light's intensity.

Continuing development work om the
silicon-nitride inversion-layer cell could lead to
polysilicon versions with efficiencies up to
17 per cert and single-crystalline types with
19 per cent efficiencies. (Extracted from
Electronics, 7 August 1986, pp. 38 and 42)

Polycrystal silicon for solar c=ll

Osaka Titanium Co. Ltd. has test-manufactured
polyvcrystal silicon with a conversion efficiency of
12.9 per cent (10 cm“) as a material for a solar
cell. It has improved the conversion efficiency by
. about 3 points by bundling small single crystals to a
polycrystal and by rem ving impurities. (Source:
Chem. Economy & Eug. Review, October 1985, p. 35)

roiycrystal type solar cells

The Agency of Industrial Science and Technology
will set about development work on production
technology for polycrystsl type solar cells with high
efficiency in fiscal 1987 under the Sunshine
Project. The agency will commission Hokusaan to
develop sheet shape substrate production technology
snd Hitachi, Sharp Corporation and Kyocera
Corporstion to develop high-efficienct cell
technology. Intermediate evaluation of the
development and resesrch will be made st the end of
fiscal 1988,

Under the Sunshine Project, amorphous type and
crystal type solar cells are being developed with the
object of reducing the power generation cost of solsr
cells to that of the existing power generation
systems. The production cost of the present crystsl
silicon solar cell is #1,100-1,300/W, beca.se of a
difficulty in reducing the - -ystal producticn cost,
The production of the amorp..ous silicon solar cell,
which cost is lower than the crystsl type, has been
given priority in recent yesrs. However, the
smorphous type is inferior to the crystal type in
light-electricity conversion rate. So, the agency
has decided to develop the polycrystal siiicon solar
cell which has s higher conversion rate than that of
the amorphous one.

1f the conversion rate is improved by
1 per cent, the cost of the solar cell will lowver by
¥70/W. Accordingly, if the conversion rate of the
polycrystal type is set at 15 per cent or higher, the
cost can be reduced by #20/W or more. Since studies
on mass-production effects and panel production have
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been continued with respect to the crystal silicoan
solar cell, the production cost will drop to ¥55u/W

or lower, so even vith improvemeat of the coaversion
efficiency, its cost competitiveness with the

existing electric power sources can be raised.

(Source: Ches. E ay & Eug. Reviev, June 1986, p. 32)

2. Other photovoltaic materials

2.1 Gallium arsenide

Soviet Gals resea-ch

A study recently released from Kiser Research
Inc., Washington, D.C., USA, titled “The Guide to
Soviet Gslljum Arsenide Technology™, reports that the
Soviet Union has developed an extensive theoretical
and experimental foundation for the applications of
CaAs.

Sowe of the best research today, says the
raport, takes place at the Joffe Institute in
Leningrad. There, the late D. N. Nasledov, the
Soviet fathex of GaAs, and his associates first
investigated the electrical, optical, magnetic ana
other physical properties of GaAs crystals.

Particularly important past Soviet developments
include 2 method of laser pulse snnealing of
semic Jnductor wafers, vhich was adopt-~d by
U.S. wanufacturers, sad an early appreciation of che
optoelectronic properties of GalnAsP. (Extracted
fro; Semiconductor International, February 1987,
p. 24)

Thin, lightweight CaAlAs solar cell for satellites

Sharp Corporation has developed 2 new
gsllium-aluminium-arsenide solar cell that is
extresely thin and light.

GaAlAs solar cells have s high conversion
efficiency of 17.6 per cent, much higher than that of
the 13.5 per cent of single crystal silicon solar
cells. However, since the specific gravity of GaAlas
is more thap double that of silicon, electricity
generstion per graa is only 0.14 Wp, compared with
1.03 Wp for single crystal silicon.

Based on the fact that only the surface of the
GaAlAs wafer plays a part in electricity generation,
the company sttemptea to reduce the weight of the
wafer by making it thimner.

A solar cell with a wafer consisting of layers
of gallivm, alusiniuw ana arsenic was fabriceted and
the wafer side etched with an etching agent
consisting of hydrogen peroxide and sn aqueous
ammonis solution. In about 16 minutes, the thickness
of a 2 cw solar cell was reduced from 300 microns to
50 microns. The thickness tolersnce was kept within
5 microns., The solar cell side was not etched since
it was costed vith wax.

The solar cell's conversion efficiency was
confirmed to be exactly the same as that of an
ordinary GsAs waier, considersbly increasing output
per gram from 0.14 Wp to 0.74.

While this performsnce still falls short of the
performance of silicon crystal vafers, it none the
less marks s very high conversion rate per unit ares,
making it highly promising for use in satellites.
(Sharp Corporstion Public Relations Sect.,

22-22, Magaike, Abeno~ku, Osaka)

(Source: JETRO, Februsry 1986)




Gallium arsenide solar cell nears maxirum
theoretical efficiency:

A world record for photovoltaic efficiency -
23.7 per cent - has been recorded for one-sua gallium
arsenide solar cells produced by Spire Corp. The
previous record vas 22.2 per cant. One-sun sdlar
cells, which do not require lenses to concentrate
sunlight, are useful for supplying electricity to
pover repeater stations, navigational buoys, pumps
for deep wells, and remotely-located refrigeration
units for medical supplies. Currently, gallium
arsenide solar cells are too expensive for commercial
markets, but improved efficiency over silicon solar
cells may expand their use beyond current space-based
applications.

The flat-plate, 0.5 ca? cells are layered with
gallium arsenide by wetalorganic chemical vapour
deposition. Spire, under funding by the Department
of Energy, will continue to work toward reaching the
maximum theoretical efficiency of 28 per cent to

31 per ceat conversion of sunlight energy to
electricity. Spire is also investigating high
efficiency, radiation resistant indium phosphide
solar cells under NASA funding. Various aspects of
the design of both types of cells are patentable, and
Spire is interested in liceasing arrangements.

Spire also offers ion implantation services for
gallium arsenide and indium phosphide wafers. Like
doping, ion implantation activates semiconductors -
but ion implantation offers advantages of more

uni form, controllable layering. Available ion
species include hydrogen, magnesium, zinc, selenium,
titanium and others. Special high-dose, low
temperature, and large-area implants are also offered.

(Solar Cells: Electronic Materials Div., Spire
Corp., Patriots Park, Bedford, MA 01730. Ion
Implantation: Ion Implantation Div., same address.)
(Source: Inside R&D, 25 February 1987, p.7)

2.2 Indiom phosphorus

Solar cell for satellites

The Nippon Telegraph and Telephone Public
Corporation's Ibaraki Telecommunications Research
Institute has developed a photovoltaic cell which is
highly resistant to radiation and has a high capacity
to convert solar energy into electricity.

The cell is made of indium~-phosphorus compound
semi~conductors. The material is being highlighted
as the next generation semiconductor stuff to replace
silicon.

The newly developed semiconductor is capable of
converting 18 per cent of solar energy into
electricity - 8 world record conversion rate. It is
also highly resistant to radiation and has & longer
1ife chan the gallium arsenide cells now in use,
according to the Institute.

It is expected that the semiconductor will
become the power source of & large communications
satellite with a life expectancy of 10 years or
more. (Source: Asia-Pacific Tech Monitor,
Januvary-February 1985, p. 35)

3. New materials and technologies

Nev materials boost photovoltaic cell efficiency:

Lumeloid, & plastic, and Lepcon, s glass
designed by researchers at Phototherm could turn
70 per cent to 80 per cent of the energy from
sunlight they receive into electricity. Most
photovoltaic cells produce only 15 per cent
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efficiency. It's this sort of high efficiency that
may help push photovoltaics into head-on competition
vith conventionsl means of electricity production.

Lumeloid consists of cheap filmlike sheets of
plastic covered with conductive polymers. The
company von't reveal names of chemicals used to
produce Lumeloid, but here’s how Lumeloid works:
When sunlight hits sheets of the polymer, enmergy in
the light transfers to electrons in the polymer,
vhich escape at one end in the form of electricicy.
Although the plastic will have to be replaced every
year, it's so inexpensive that electricity would
still cost only three or four cents/kWh.
Commercielly generated electric power runs about
10 cents/kWh. Aud wmost photovoltaic cells produce
energy for about $1/kih. Lumeloid will be developed
and licensed by Phototherm.

Lepcon, which vas a preliminary design to
Lumeloid, consists of glass panels covered with array
of millions of Al or Cu strips, each less than a
micron wide. It works on the same premise as
Lumeloid, but Lepcon never has to be replaced.
(Source: Inside RED, 24 September 1986, pp. 6 and 7)

An efficient thermsl energy storage materisl is
being devel at the Solar Energy Research
Institote (SERI, Golden, Colo.). The
polyalcohol-based msterial sbsorbs large amounts of
solar energy during the day snd relesses it into a
building at might. It has the unusual property of
being able to store more energy below its wmelting
point than st its wmelting point, obviating the need
to melt and freeze waterial for an energy storage
cycle. SERI scientist David Bensou says that the
materizl has a heat storage capacity that is many
times gvescer than that of masonry or concrete. As a
tesult, a much smaller weight is needed toc store
solar hest. Until now, storsge has been the weak
link in the use of solar energy. (Source:
Eavironmental Sci-Technol., Vol. 21, No. 3, 1987,
p- 223)

New-type solar cell

A group headed by Prof Tsubomura at Osaka
University has developed a basic technique for a wet
type photocell which can convert solar light energy
into electric energy by immersing semiconductor
matter in liquid. This technique provides a
possibility of prou.cing s cell with an energy
conversion efficiency comparable to that of the
current silicon solar cell. The group will start the
develcpment of & new process solar cell. (Source:
Chem. Economy & Eng. Review, October 1985, p. 35)

Faste~, cheaper photovoltaic silicon

An argon inductive plasms melting techaique,
developed at Electricité de France, sllows ultrspure
photovoltaic silicen to be obtained 100 times faster
than by the present zons melting mechods. Bars of
metsllurgical~grade silicon move st 8,000~9,000° K
through s plasmagenic fluid containing oxygen. The
layer of slag formed on the surface and which
contsins the ispurities - mainly boron - "migraces”
to the ends of the bar. The purification factor
reaches 20,000 in just four runs and can be
controlled by the amount of oxygen in the plasmagenic
fluid. Present zone melting techniques require
silicon bars which are aslready highly purified: up
to 99.9 per ce.t in certsin cases. Hers, s
98 per c.°nt prepurification is enough. An oversll
yield of 80 per cent is atcained, versus only
20 per cent vith cheaicsl cechniques. Per kilogram
of photovoltaic silicon, energy consusption is four
times less (50 co 100 kWh). The procass being tested
in che laborstory wr:iin silicon bars having s
cross~section of 10 cw*. A 100-kW plane would




esllow treatment of 20 metric tous of silicom per
year. This technique would offer photocell
wsnsfacturers the chance to wse metallurgical-grade
silicea directly as raw meterisl. (Sowrce: Sciesces
snd- Techaiques ia Freach, February 1984, p.

&. Applicatioms

Soviet solar central receiver begins geaerating
electricity

The 5-megawatt (electric) Soviet solar power
plant being built in the Crimea has started to feed
electricity to the natiomsl grid. So hr’ half of
the 1.500 heliostats, each measuring 25 m‘. snd
computer—coantrolled to track the sua, have bees

iostalled.

The complete plaat wjll have 20 circles of
mirrors covering 40,000 »‘ to focus the sun"s rays
oa a boiler 80 m above the ground om & tower. Water
in the boiler will be heated to 256°C (493°F),
producing steas to drive a conventional turbinme.
Sarplus hot water is kept in insulated vessels under
pressure for release as steam on cloudy days.

The plant, on the shores of the Sea of Azov mear
the village of Mysovoye has some 2,300 hours of
sealight per vesr. The cost of electricity from the
plant is expected to be approximately twice the
averyge, but this is seen as acceptable for s project
designed to test nev technology.

Plans are already under way to build a bigger
plant rated at some 300 Mie ian Usbekistan, where
sunlight totals 3,000 hours yesrly. This gemerator
will have 72,000 heliostats and & boiler placed on a
200-a tower. The unit will produce just 100 Mie at
first, with a 200-Me fossil fwel backup system.
Elsevhere in Ugzbekistan, a solar-powered
metallurgical works is being built near Tashkent.
(Source: Solar Energy Intelligence Re .

25 Bovember 1986, p. 372, written by Judith Perers)

Russians look to space for solar power plants

Russian experts calculate that it is possible to
build solar power stations in space to provide
electricity for the Soviet nationsl grid. They
believe they can design a medivm-sized station with a
capacity of 100,000 to 500,000 kilowatts.

The stations would convert the sun’s energy into
electricity in the way most spacecrsft do today. But
it would then be converted to radiowaves and
transmitted to ground-based receiving statioms, which
in turn would reconvert it to electricity. The ides
was first proposed by an American scientist.

According to Yuri Zsitsev, the departmentsl head
in the Space Resesrch Institute of the Soviet Academy
of Sciences, one quarter-metre of solar panel battery
produces between 140 to 170 watts.

fle estimates that an orbital power station
capable of generating 500,000 kilowatts would have s
usss equal to tens of thousands of tons. It could be
built by arranging solsr batteries in psnels of about
five square kilometres esch. The development of
continuous strips of solar cells are reducing that
mass and the costs; further techaical progress would
make the economics even more sttrsctive.

Another project under study in the Soviet Union
relies on turbo-genarators to comvert solar energy
into electricity. Cisnt mirrors in space would trap
solar rays, besm thes to s helium boiler on earth,
hesting the gas, which would then turm the blades of
8 genarator to produce electricity.

Both those methods require conversion of energy
into a form capable of transmission from space to
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Earth. That, accordiag to the Russians, could be
dooe im two ways: by laser beams or
super-high-frequency (SMF) radiatiom.

The advastage of laser besme lies in the
feasibility of developing & very sarrow ray, which
would meed comparatively small traamsmitting asd
receiviag equipmeat. But a great smoent of esergy
would be lost during the conversiom processes.

Oa the other hand, the SHF radistioa, which the
Russiass prefer at this stage, has no problem passing
through the atmosphere and coaversion losses are much
smsller.

But, to ensure the high efficiency of energy
transfer in the SHF wavebamd, most of the emergy flow
would have to be coocentrsted ia s marrow angle.

That wopld require serials in space at lesst
100 times bigger that existing ones on Earth which,
ia turn, would need to be as large :s the pover plant

in spsce.

The Russisas have vorked out that the most
efficient way of placing power stations iu space
would be to assesble thea in s mesr—Earth orbit and
then move them to a geostatiomary position. That
would enable them to gemerate electricity roumd the
clock.

Soviet scientists have calcslated that space
pover stations would become ecowomically viable omly
if the cost of placing one kilogras of cargo imto
orbit could be kept to below 50 roubles. That is
sbout $50, asd about one teath of today's costs.

Other ideas on Soviet drawing bosrds include
gisat mirrors in a geostatiomsry orbit to direct
poverful light besms towards ground-based sensors and
solar cells, vhich would t solar gy iato
electricity. There is even a plan to use solar
reflectors to light individusl towms. (Source:

The Times, p. 18, 9 December 1985, asrticle writtea by
rev Wisemsn)

Jamsica to rt solar test laboratory wicth help from

Jamsics has swarded a coatract to DSET
Lsboratories Iac. — & New River, Ariz., solar
exposure testing facility for solar components,
systems and materisls - to consult on the design and
commissioning of s Solar Test Laboratory for the
Jamsican Buresu of Standards.

The project is sponsored by the Jsmaican
Ministry of Hining, Energy sad Touriss and funded in
part by the United States Agency for Internstionsl
Development. Its objective is to provide techanicsl
support for the Jamaican solsr industry and further
explore the potentisl for solar energy applications
in Jamaica sad the Caribbean Basin.

The mev facility, locsted is Kisgston, will
include an outdoor solsr collector test stsnd and
stagnstion rack, indoor thermsl systems test bench
sud dats acquisition and reduction equipment. The
laboratory is dus for completion in wid-1986, DSEY
says. Persoumel from the U.S. firm will supervise
installation, traia techanical stsff, and present s
series of technical seminmars for the Jamaices solar
community on the design implicstions of the test

data. (Source: Solar Energy latelligence Report,
18 February xm,'..—m—"'——"'—"-

Advanced low-energy bousing

The Thermal Insulstion Laborstory st Lygby,
Dermark is involved in the Internstiosal Energy
Agancy’s Solar Hesting sad Cooling Programms. As
part of the IZA work, the laborstory’'s Peder Pedersen
has led sn investigstiom of large site-built roof



collectors. Usiag stock aluminium and designs that
save oa installstion labour, his group has driven
down the cost of roof-integrated collectors to the
range of US$10 per square foot.

A 55-unit solar development is being monitored
to test the thermal performance of various low-energy
schemes, including heat-recovery ventilators,
insulating and reflecting shutters, superinsulation,
sunspaces and thermzl mass. Testirg a new
thermosiphon solac water heater that blends with the
skin of the building is also part of the low—energy
house project. (Source: Asia-Pacific Tech. Monitor,
March-April 1986, p. 42)

Solar power reviewed

The latest vorld developments in solar power
technology vere recently reviewed at an internstional
two-day coaference in the UK, attended by delegates
from countries in Africa and Asis. The event,
entitled Applications of Photovolraics, was held on
12 and 13 September at Mewcastle Polytechnic in
north-east England, home of the Mewcastle
Photovoltaics Applications Cenmtre.

Asong the speakers was Mr. S. C. Bajpai, of the
University of Sokoto, Nigeria, who discussed the
cost—effectiveness of the photovoltsic energy plants
which it is hoped to establish in Nigeria before the
year 2000.

The conference, it vas stated, intended to look
at both terrestrial and space applications of the
solar panel. Countries without a national
electricity grid stand to gain substantially from
using solar power. In sowe perts of the world, the
point is now being resched where it is cheaper to use
solar power than diesel engine generators. (Source:
African Tech. Review, September 1985, p. 10)

Storing the scarce sun's heat

Finland's research has concentrated on assessing
just hov much solar radiation it gets and on storing
it for use during cthe fierce winters. At Helsinki
Universitr of Technology, the Solar Energy Croup has
developed main-frame computer models to judge
seasonal hest storage choices. Computer work
suggests that seasonslly stored solar energy might be
delivered for as little as 6 cents to 7 cents
per kWh - about the price of conventional fuel in
Finland today.

The same group is analyzing performance results
from the Kerava Solar Village, a prototype solar
district heating project. (Source: Asia-Pacific
Tech Monitor, March-April 1986, p. 44

Sslt ponds and PV concentrators

The Engineering Department at the University of
Reading, not far from London, is working on
small-scale photovoltaic systems and sslt-gradient
ponds. The sim is to lower the cost of PV systems so
that they can be economically sensible for water
pumping in the third world. They have tested
conventional one-sun cells under focused sunlight and
found it worth while to use concentrstion rstios of
up to 10, New insights have been gained sbout
the complex behaviour of salt gradient ponds.
(Source: Asis-Pacific Tech. Monitor,

March-Apri y Pe

Matsushita has developed a nev film-type solar
cell chat offers 6-9X more power in low tht
conditions than conventional solar cells.

Suncerss II, produced using screen printing
techniques, offers energy conversion efficiency of
12.8 per cent/0.8 cm®, allowing it to power a
pocket calculator with a light source as lovw as a
matzh, [t will slso drive the calculator from sn
sircraft reading light, or the domu light of s car,
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Future applications include powering road signs,
irrigation pumps snd cutdoor clocks. (Sowrce: Fim
Post, 12 April 1986, p. 19)

Remote village pover

According to Ta-Noo Vicharsagsam, chief of the
Energy [ try Develop Office at the
Goverament's Ministry of Industry in Thailsne, L0
500-wvatt photovoltaic arrays have already been
installed as parc of the effort. The idea is to give
remote villages central power sources. In systems
built so far, villagers briag their own batteries to
a solar station - the PV srray - for charging. Then
they use the batteries to power flworesceat lights,
radios, tape players or televisious. Each of 10
vorking stations has cost about US$5,000. (Source:
Asia-Pacific Tech. Momitor, March-April 1986)

Solar thermal studies

In the remote towm of Alice Springs, Australia,
a private compauny, Australian Solar Ponds has
produced electricity from solar ponds. The
1,600 w2 pood is tied into & 20 k¥ Organic Rankine
Cycle engime (ORC). Its ocutput power: an
sir-conditioning shed, a nesrby bomestesd, water
pumps and irrigation for a vineyard in the parched

countryside.

Australis’s premier research group CSIRO's
Harry Salt begsn working on a smsll rockbed for the
group’s test house and the experiments and computer
modelling pointed to a 5-iach—thick slad over a
6-inch deep rockbed as a useful storage systes for
wvell-insulated houses in mild climates. (Source:
Asia-Pacific Tech. Momitor, March-April 1986)

Thin fils solar electric modules replace and charge
batteries

Thin film silicon solar electric (photovoltaic)
wodules function as primary battery replacesents iun
such products as radios, calculators, and smoke
detectors. Other common applications include battery
charging in remote controls, imstruments, tools, and
portable computers, as well as products with a liquid
crystal display. PhoCovoltsics produce electricity
from sunlight or normal indoor lighting. Power can
be built into & product independent of electric cords
or batteries. (Atlantic Solar Power Inc.,

6455 Washington Blv.., Baltimore, MD 21227, USA)
(Source: Machine Design, 6 Msrch 1986, p. 240)

Solar power pack on wheels

With all the advancements aad developments in
modern technologies, energy nesds of many remote
rural areas, of even developed countries, awsy fros
the power grids sre still not met sstisfactorily.
The main problems encountesed sre Che hesvy cost ana
difficulty in fuel transport over long distance and
maintensare of diesel powered generators.

Solar systems have been used to s certain cxtent
to meet the needs of villages and nomadic tribal
sress. Here again, protecting the expensive
photovoltaic systems from rein and dusty winds is of
immense importance. Seriva's Solar Ressarch Centre
in Perth, Austrelia, has done some work towards this
end.

A prototype solsar pack vas developed for field
trisls and use by s rursl community nesr Millstreas.
They already had sn adequate wster supply powered by
windmill, so their Solar pack unit vas able to
provide extrs refrigeration capscity. The basic
powver services for this sboriginsl community were
identified as:

~ Communicacions: relisble pover for very high
frequency for flying doctor and other vitsl
communicstions;




- Water: pumping for a potable water store;

- BRefrigeration: chilled and frozem storage
for bulk meat, vegetables and dairy products,
and for medication and vaccines;

- Azea lighting;
- Battery charging for vehicle use;
- TV/Video: powver for a2 communal set.

The uait, called a 'survival package’, is a
low-maintenance, energy efficient solar pack housed
in a second-hand, insulated cargo container. The
container forms a roburt, transportadle shelter for
the electrical equipment.

The photovoltaic array is fixed to the roof of
the contsiner and consists of 750 watts of Mobil
Solar Corporation ribbon solar cells. The container
also holds a 19 k¥h battery bank, Dumlop lead-acid,
tubular traction type. System voltage is 24 V DC.

An electronic controller prevents over-charging
of the battery bank during periods of excess solar
radistion, vhile also ensuring that non-esseatial
loads sre disconnected during periods of poor solar
radiation. The design load for the system is & to
S kWh per day.

The main power supply is provided in the DC form
which the solar cells produce and the batteries
store. Matching the demand and supply is thus made
casier, as few readily available appliances run
on DC. This avoids a repeated problem with
communities’ diesel generators, which tend to get
overloaded in attempts to power many sppliances.

The prototype has frur chest-type refrigeration
units with a total capacity of 600 litres. The
equipment is highly efficient with its high level of
insulation. It uses 1/4 of the energy than a
domestic refrigerator takes to do the same job. The
wmain storage battery and the refrigeration equipment
are fixed permanently to the walls and floor of the
container and hence can be transported without
further modification. The internally mounted
transceiver snd inverter equipment sre packsged
separately and stored within the container for
transport. The container is normally mounted on two
4.5 m lengths of 203 x 76 mm steel C-channels and
bolted to the container sides to ensure stability in
high wind speeds. During trsnsport, these ch 1s
are stored within the container and sre fixed to the
floor. (Extracted from Asis-Pscific Tech. Momitor,
March/April 1986).

Indian village sets energy example

The little village of Khandis has shown that
Indis could save millions of dollars in its csmpaign
to provide energy to remote sreas. To date, says
Dr. Manubhei Amin, ewphasis has been on large-scale
energy projects that require heavy ianvestments in
nining, transportation and other development costs.
Khandis, he argues, has shown that modest locsl
schemes are just as efficient and such cheaper.

Amin is head of the Gujarat Energy Development
Agency (GEDA). The agency was founded to help
villsges establish non-commercisl sources of energy.
It took its mandate a step further, creating sn
integrsted system designed to provide all the
village's snergy by using a cosmbination of
small-scale collection methods.

Seys Dr. Amin, sn industrislisc end electrical
angineer, "Here is a csse study of decentralization
to be closely examined. Here production and
utilization of energy based on locally available
renevable resources of energy are in the hands of che
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village community itself ac. not in the hands of
government. If the villagers of Khandia succeed,
this experiment can change the face of Imndis.™

One of the sources of energy is solar eunergy.
Khandia can now have its cva public heslth centre.
The ceatre has a refrigerator rua on photovoltaic
cells, a 250-litre solar hot vater system and a solar
still for distilled water. The village also now
boasts a community centre with solar—povered
television and radio sets.
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(Extracted from Action for Development,
November/December 1986, written by S. Muthish)

Solar energy for district hospitals

Electrical power supply has slvays been a
probles in Kissidougou, s district town in Guinea,
600 km east of Conakry. At most, there is power for
a few hours in the evening. The fuel supply for
diesel generators is also unreliable, apart froms the
msintenance problems for such generators. Thus the
district hospital with 150 bris had to be rua simost
entirely without any power supply.

During 1984 che hospital vas furnished with
solar~powered equipment which vas considered
essential for the hospital. A photovoltaic solar
generator vith s maximum power output of 770 watts
supplies energy for two opersting thestre lamps, one
refrigerator (45 lictres) and twelve fluorescent lamps
of 20 watts esch, A sufficient battery cspacity of
350 Ah permits the systes to work coatinuously day
and night. It hss an emergency storage unit for
48 hours should thers mot be enough sunlight for two
consecutive days.

Instrument and dressing sterilisers sre
essentisl equipment for the operation unit. For this
purpose s solsr steam sterilizer (autoclave) was
designed using solar bes for
generation. The design is unique and a first
prototype was built for the hospital. A solar
hot-air instrument sterilizer has slso been designed
and a prototyps built to bs testad st the hospital.

This equipment for the Kissidougou hospitsl and
its test run is part of s project which is analysing
the energy requirements for hospitals at isolated
locations in developing countriss and which is
looking for ways to use renswable energy sources.

In May 1985 & first summary of the experience
gsined in Kissidougou was made. The photovoltsic
power generation for light, operating theatre lamps
and a refrigerstor showed very sstisfactory results




and the system now ensures a 24-hour power supply for
the operatiom unit at the hospital. The special

lov-povered bulbs for the operating theatre lasp with
3 a1 15 wvaces proved sufficient in lighting strength.

The solar-powered autoclave with
high-performance vacuum collectors is regularly
used. A kerosene burner csn be used should cthere not
be enough sunlight. There is, however, still room
for improvement. The distiller which provides the
feed vater is not efficient and opersting the
autoclave wirii several levers requires some
experience. These deficiencies resulted in
improvements which will be incorporated into the
second protatype.
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The hot-air sterilizer prototype went through
several test runs and resched s temperature of 160°C
under gcod sunlight conditions. The minisum
sterilizing temperature should be 140°C. Except for
minor improvements necessary for the handling of the
sterilizer, the design can be recommended for use.
The design is suitable for local manufacturing.
(Extracted from GATE, 4/85, pp. 52-53, written by
Walter Jahn, GT27CATE Sect. 213, resp. for
R&D Projects)

Television runs with solar power

The Cime has come for the solar power to make
intoads into the remote rural areas where it should
rightly belong. Attempts to make solar photovoltaic
pover vseful for many d ic requir s are being
made throughout the world. A solar photovoltaic
(SPV) powered television system has been developed as
a result of one such actempt by the Central
Electronics Limited (CEL) of India.

The CEL says that its solsar television system is
an ideal choice for remotely located and inaccessible
unelectrified villages in wost of the developing
countries. The system is easy to instsll, operate
and maintain,

The system consists of a 51 c¢cm size black snd
white or colour television set, two or more matched
solar photovoltsic modules, support frame structure,
storage batteries and an electronic controller. The
system is designed to operate the television set for
s period of four hours every day, irrespective of the
environmental conditions. It is claimed to operste
successfully even for three consecutive totally
sunless days. It is slso possible to furnish special
television systems receiving signals from sstellites.

The SPV powered black and white television
systems can be locally installed for sbout US$1200
to US$1,500/syscem. The systew is ideally suited for
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mass education, entertainment, ianformation
dissemination oa agriculture, weather forecast, ecc.,
in remote and inaccessible areas. The technology of
manufscturing the CEL SPV television systems is well
proven by the fact that for the past several years,
wore than 250 such systems are operating successfully
all over India. The SPV modvies and the countrol
electronics are available from all leading SPV
manufacturers, including CEL. Television sets,
batteries and other hardware are expected to be
available locally. The t:chaology of manufacturing
the products is offered on license and the
engineering, plant installation and start-up on a
turnkey basis. (Source: Appropriate Techaology
Documentation Bulletin, Vol. XIII, Mo. &,
July-August 1986)

Lights go solar way

The Solar Light from the Thielsch Eagimeering
Associstes, Inc. of Rhode Island, USA, is &
photovoltaic power lighting systes that provides up
to 15 hours of light without rechsrging. It works by
collecting electricity from the sun during the day
and storing it to provide 1,800 lumens of low
pressure sodium light at might.

The standard model includes one AO-watt
photovoltaic panel, one battery, controls and
mounting hardvare for oce pamel. The Sclar Light can
be set to turm itself on at might and automatically
turn itself off act a pre-set time.

Other models feature two or three photovoltaic
panels and sdditional batteries to provide more light
between recharging or to accommodate operation up to
three successive days of no sunlight. An optional
lamp rated 35 watts at 4,800 lumens is also
available. Another option provides pover to an
electrical outlet located 54 inches above the base.
This model includes the standard light for sll-might
illuminstion, or reduced lighting hours combined with
the operation of other electrical devices. (Source:
Asia-Pacific Tech. Monitor, January-February 1985,

p. 33)

Photovoltsic pusping unit

The first photovoltaic pumping umit in Creece
has become operstional on the remote island of
Karpathos in the south Aegean Sea. The 10-kilowatt
photovoltasic srray powers s submersible centrifugal
pump. Storsge is provided in the form of two large
tanks vhere vater is fed to nearby fields for
irrigation purposes.

The unit, owned by a local farming co-cperative,
was financed by the Hellenic Development Bank (ETBa)
snd the Europesn Community. Total cost reached
50 million Creek drachmes ($375,000), of which
40 per cent vas contributed by the EC as part of the
demonstration programmes of the Energy Directorate
(DC 17) and 60 per cent by ETBA,

System design and instsllation vere handled by
Ciceroi Hellas Industries, a uvnit of BP Greece. The
solar field, consisting of 309 PV modules, each rated
at 32 Wp, was manufsctured by BP Solar Systems Ltd.
of the United Kingdom for s cost of 13 million
drachmes ($97,500) or $9.70/wWp.

The main system fesding the puwmp festures
273 modules. Another 36 modules form the suxiliary
system, vhich feeds the secondary circuits, including
the measuring system, ths computer, the controls and
lights for the building.

The main system modules are arranged in sections
contsining seven modules comected in seriecs. Three
sdjacent sections ars connected in series to form a
subarray of 21 modules, with s nominsl terminel
voltage of 330 VDC.




Esch sectiom is supported by a galvanized steel
framevork. The inclinstion of the modwles is
35° tovards south. The ground vhere the solar arrays
sre movated is rocky and rowgh. This has bdees taken
into consideratioa in the design of the supports, as
well a8 in the way the foundatiom of the strwctere is
beilt. The metsllic structure is electrically
grownded as a protection sgaimst lightuing.
(Source: Internstiomsl Solar Esergy Intelligeace
Report, 3 March 1987)

The following article susmarizes the curreamt
status, in terms of the techmical performance and
economic viability, of photovoltaic water pumping.
This is based on eight years of practical
experience. Techmical problems have been largely
overcome, slthough because photovoltaic pumps are aot
yet in widespread use there is a meed for improved
routine system selection and provision of maintensnce
back-up.

Solar ing: an ate

There has been a good deal of interest in solar
vater pumping for many yrars. The UWOP and the
World Bank sponsored a ssjor global solar pumping
demonstration and evaluation programme from 1978 to
1983. (1) This jocluded field trisls, laboratory
testing and economic anslysis. The project assembled
reliable technical and economic deta from which the
appropriateness and viability of solar pumping
systems has been assessed. During che course of the
project, and in major part as the direct result of
it, small photovoltaic (PV) pumps have been developed
to the stage vhere the best can meet 2ll the
techanical and user prerequisites for wide-scale
introduction. There are now many types of PV pumps
commercially available and more than 3,000 PV pumps
have been supplied worldwide in many successful
demonstrations of the techuology. The final output
of the World Bank project was a Handbook on Solar
Pumping. (2) The results reported below are based on
an updste report receatly completed fot the World
Bank. (3)

Since the global solsr pumping project,
improvements have occurred, in terms of the
performance, efficiency and cost of solar pumps.
Photovoltaic pumps can be used in many applications
where conventional pumping is generally employed. It
is now important that information on the performance
and costs of PV pumps is provided to decision makers
and prospective institutional buyers of water pumping
equipment, This is now happening, for example in the
UNDP Photovoltaic Information Programme (4) and the
US Department of Energy CORECT activities. (5)
UNESCO has also sponsored an evaluation of
photovoltaic system appliances for developing
countries snd the present paper has been prepared as
jarc of on-going accivities. (6)

The five principal configurstions of PV pumps
cthst are used st present are as follows:

(i) Submerged motor/pump unit, with
cencrifugal pump, often consisting of several
impellers and then termed 'multi-stage’. The number
of stages is s function of the lift required.

(ii) Sudbmerged centrifugal pump (siternatively
8 rotating positive displacesent pump of the
progressive cavity type) driven by the shafc frowm s
motor wounted st ground level.

(iii) Submerged reciprocating positive
displacement pump (also known as & jack pump), driven
by & sheft from a motor driven crenk or bess
("nodding donkey') at ground level.

(iv) Floating motor/pump unit with centrifugal
pump.

(v) Serfsce mounted moter pump wait, with a
self-priming taak. Tte pump may be cemtrifugal or
pesitive displacament. Pesitive displacemest pumps
have better self-priming preperties but are gesmerslly
less efficiest for low head duties.

Theare asre meay ways of defining the size or
rating of a PV pump. These include the pesk
pbotevoltaic array pover sad pesk hydrawlic power.
Performsace varies with soler isput aad it is the
average vol of deli d per day that is of
s0st iaterest to poteatisl wsers. The preferred
method of referring te the capacity of & pwmp is -
therefore the daily volume of weter dalivered at the
design hesd and design daily selar irrsdistiem.

It is comveaieat to comsider s dsily hydramlic -
energy equivgleat as the pto‘-zt of daily sutput snd
head, i.e. u’/day x m head = a%/dey. Figure 1
presents the capscity ramge of s selectiom of
PV pumps considered to be "off-Che-shelf” systems
based on a solar irradiation of 5 kih/al/day. The
iaforsstion is based ea dats supplied by more thenm
40 of the primcipel swppliers. Of cowrse it is
possible to design s PV pump to meet any output and
head requirements outside this rasge, but these
become specisl designs, and, as discussed briefly
Later, hi.h—capue;ty. high-pover systems are mostly
wot ecomomic. Commercislly mn.ublc systems raage
from sy.n-l with a daily outpet of as little as
10 & ‘day at three metres head (85 Wp arrsy) to
100 w’/day at 80 metres bead (15 kWp PV array).

The presentation used in Figure 1 iocludes the
zscnunon of hydraulic energy equivalent lines
n%/day) and also approximate array peak wacts (Wp).

Although the donor agencies have financed the
iostallation of & large cumber of PV systems
worldvide, measured performsnce on systems ia the
field is still limited. In Mali vhere more than
80 PV pumps have been installed much experience has
been gained. A standard evsalustion methodology has
been developed. (7) Imitislly problems were
experienced with early installatioms but systeas
installed since 1982 nave been found to be relisble.
One significant factor givea to the improved
relisbility has been the change from systems with
surface mounted wotors and submsrsed pumps to that of
DC and AC submersible motor pumpsets. Shaft and head
bearing maintensace vas often a prodblem. Failures of
components have slmost slvays been pump, motor or
power conditioning failures. Prob'ems with the
PV arrsy have been fev.

Statistical dats on relisbility (such ss mean
time between fasilures and percentage time operacing)
asre almost non-existenz, but the experience of
established users has been that recent installations
of equipment supplied by the more experienced
manufacturers have been very relisble. Problems
experienced vith early electronics for brushless
DC wotors snd AC motors sre no longer present. Often
the problems that have arisen could essily have been
put right if someone with & little techmicsl Ctrasining
had been svailable. Typical fsilures are not a
problem of PV pumps as such, but they do illustrate
the problems of introducing technical equipment into
rural sreas.

Consideration

One probles still not entirely overcome is ctnac
of pumps ruaning dry. Sowe installations have been
msde wvhere cthe pesk pump output at noon can be
greater than the borehole yield or recovery rate such
thst dry runaning occurs. Recent problems have slso
been experienced with very early instellarions in
places vhere the water table has since dropped. Many
systems are fitted with float switches or motor
over-speed protection but these have not slvays
proved effective and burning out of wotors has then




occurred. It showld be emphasized that with proper
consideration of the borehole or well characteristics
such preblems can ecasily be aveoided.

The key techaical facters emerging frem field
experience are the importamce of reliable perfermance
of the subsystem, and the frequent lack of accurate
selar and vater resesurce data, of impreper use of
such data vhen available. Many individual systems
kave exhibited peor performance resulting from errers
in these basic data. Accerate infermstion sa the
depth te the water table and its seasenal variatiesm
is particularly impertsst. Feortwaately, as
experience vith systems builds up inm & cowatry or a
region, selar and water reseurce infermstiom will
become more available snd better wadersteod.

The key institutiosal factors are the
invelvement of the emd-user and the availability of
technical support. The simplicity of the PV srray
sad the standard technology of pumps has seen showm
to be easily understeod by iavelved users and
hast-cowntry techaical erganmizations. Iastitetiomal
tarriers are primsrily s fumction of lack of
experience. Agaim, this preblem will diminish as the
wumber of systems ia a cowmtry imcresses. The
trainiag sad invelvement of the end-user has been
shown on meny occasions to be the single wost
important factor im the wsintenamce, troubleshooting
sud msnsgement of a PV pumping systea.

In sddition to the field dats wuch useful data
have been collected on the performance of PV pumps
from laberatery testing umder contrelled and
veproducable test conditions.

Bssed on ed perf the efficiencies
or . csl motor/pomp subsystems used im solar pumps
hav: *n derived and sre presented iz Table 1.

“he efficiency of the sub-system is aa important
pars aeter required for system sizing. The lower the
system efficiency the larger the PV array size
vequired for a specified application awd location.
Sub-system performance continues to improve with the
introduction of new designs. Whereas the PV solar
pumps of those tested in 1980 during Phase 1 che
UNDP /World Bank project had average daily
efficiencies of around 25 per cent st 7 = head,
in 1985 good systems were typically 40 per cent
efficient.

Based on the survey of commercially svailable
systems (3) the PV arrsy sizes specified by
manufacturers are puunud in Figure 2 as a function

of p d wster d .

v
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C goods power photovoltaics

The market for photovoltaic (PV) cells - devices
chat convert sumnlight to electricity — is currently
undergoing & shift in applications, technologies, and
leading players. Multimegawatt installations that
produce power for sale to utilities accounted for
less than 10 per ceat of last year's $170 million
world market - down from 40 per cent in 1983,
according to Paul Maycock of Photovoltaic Energy
Systems (Casanovs, Vs.), & market snalysis firm.
About 60 per cent of the 1985 market went to
communications relay stations, water pumping, remote
residences, and other off-grid spplications.

Consumer electromics such as solar calculators,
watches, snd battery chargers accounted for

25 per cent of sales; this fast-growing segment
could claim alwost half of & projected $480 million
world market by 1990.

In 1985, Japan had 44 per cent of the market,
making it the leading producer of PV cells. The US
claimed 35 per cent of the market. Aclantic
Richfield's Arco Solar (Chatsworth, Cal.) is the
world's largest PV manufscturer, with 20 per cent of
the market. The other major producers are Sanyo and
Puji of Japan and Awoco's Solarex (Rockville, Md.),
esch with 10-15 per cent of the market. Other
significant US menufacturers include Motorols snd
Shell's Solavolt International (Phoenix), Pilkington
Croup's Solec Internstional (Hawthorme, Csl.),
Chronar (Princeton, N.J.), Energy Conversion Devices
(Troy, Mich.), Mobil 0il’s Mobil Solar (Walthas,
Mass.), and Spire (Bedford, Mass.), s producer of PV
fabrication equipment.

A number of factors lie behind these changes.
Crowth in the utility-based PV market, located almost
entirely in the US, peaked in 1983 and hss been
dropping ever since. At an sverage price of $9-$12
per pesk wact, solar systems are several times more
expensive than conventionsl power sources, sccording
to Robert Stele of Strategies Unlimited (Mountain
View, Csl.). Ha predicts that unless solsr cells
becowe more sfficient and cheaper to make,
large-scale PV energy vwill remsin uncompetitive for
some time. Another drawback is that federsl solar
tex credits, used to subsidige PV installations,
expired ot the end of 1985 and sre unlikely to be
reneved.
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Looking farther dowm the road, James Caldwell,
president of Arco Solar, believes that “vichin five
years, PV mamufecturers should be able to cut prices
in half. That will lead to a ten—fold growth in the
market, pacrticularly for utility and off-grid
applications.” Zeoltan Kiss, president of Chrouar, is
also optimistic about the curreat interest of utilicy
coupanies, at least in rescarch-scale PV plants.
"Utilities are swvare that photovoltaic power could
b more ical in the late 1990s, especially
as electricity rates continue to rise, 50 they vant
to maintain their experience with PV," he says.
“Falling o0il prices will not sffect this picture,
since only 8 per ceat of US electricity is generated
by 0il.” Ia 1983, Chromar sold a 100-kilowact PV
system to Alabams Power and Light, and Arco Solar
sold a J00-kilowstt system to the Electric Utility
Dept. of the City of Austim (Tex.).

Mearwhile, PV firms are turning to more
commercially viable markets, particularly for
cousumer products. The growing importance of the
consumer sector is triggering s shift from
single—crystal silicon, the industry standard, to
amorphous silicon. Simgle-crystal silicom devices
are relatively efficient and dursble, making thes
wost suitable for the outdoor market for power
plants, comsunications equipment, and off-grid
locations. In 1985, this material captured 44 per
cent of the world macket, down from 50 per cent in
1983, according to Maycock.

Amorphous silicon cells are less efficient and
have yet to prove their dursbility in outdoor
applications, but their light weight and low cost
make thes suitable for consumer products. Ia 1985
amorphous silicon constituted 35 per cemt of the
market, up from 14 per cent in 1983. Japanese
companies took an esrly lead in commercializing
amorphous silicon, but such US firms as Chronar,
Energy Conversion Devices, Arco Solar, and Solarex
have also moved into this field. "The race now,”
says Stele, "is to develop nev consuser product
applications for this materisl as the market for
solar calculators snd watches becomes saturated.”

Developing nations represeant snother potentially
large, but problematic, sarket for PV systems. At
villages snd remote sites with no sccess to
eleccrical grids, PV devices could power water pumps,
refrigerators, commnications facilities, and
irrigstion systems. But financial problems stand in
the way of such third world applications. "The
barrier here is not so much falling oil prices,” says
Arco Solar's Caldwell, "ss lack of foreign exchange,
high inflation, and uncertsin availsbility of
financing. When PV cell prices come down,
internstionsl aid agencies may be more villing to
finance PV imports.”

' Wortd photovoltaic sales [$ mitiions) |

1985 1906 1908 1900 1905

(Zxcerpt from the article "VOLTS FROM THE BLUE" which
appeared in High Technology, July 1986)

Zureka to include Zurope~wide amorphous silicon
project — —

Two British companies are supporting
Yesserschmitt-Bolkow Blohm of the Federal Repudblic -«



Germany and Solems of France in a Europeaa-wide
veature to make smorphous silicon, a “disordered”
form of the element particularly useful in solar
cells.

The venture is one of 10 technology projects
announced at the end of 1985 under Eureks, the
pan-Eurcpean research progrsame backed by 18 West
Europesn countries.

Edvards Righ Vacuum of Crawley, Sussex, wtich is
part of the BOC group, and Plasma Technology, based
ia Vrington mear Bristol, have joined forces teo
develop a range of hardvare to make
silicon. The equipment will probably be used in
Eureks.

The materisl is different from the
monocrystalline silicon normally used in the
semiconductor business. In the latter, stoms of
silicon sre arranged regularly in au ordered lattice
framework. In amorphous silicom, iu contrast, the
atoms are spread unevenly throughout the material.
Predicting the positions of individusl atoms is
therefore difficult, which increases the problems of
turning it into integrated circuits.

Ia theory, however, smorphous silicom can be
produced more easily and cheaply than the better
known fors of the element. To make the latter,
crystals are deposited from molten silicon using
expensive machines called crystal pullers.

To make the amorphous variety, atoms from a gas
such as silane (silicon hydride) are deposited on to
8 substrate such as glass cor stainless steel.

Companies in Japan and the US, for instance
Nippon Steel and Energy Conversion Devisors, have
pioneered spplications of amorphous silicen.

In particular, this form of the material has
become useful in photovoltaics, the coaversion of
sunlight to electricity in silicon solar cells.
Cells made from the smorphous form of the material
can be turmed out cheaply.

So far, however, lictle activity in amorphous
silicon production has taken place in Europe. This
is in spite of the fact thet many of the scientific
principles behind production were first investigated
at two British research centres: STL (the research
laboratory of STC, the telecommunications company)
and Dundee University.

The two UK companies may slso help the European
project by collaborating in further research, for
instance in how to increase the efficiency of solar
cells made from amorphous silicon. (Extracted rirom
Financial Times, 23 December 1985)

Joint venture for solar cell

Showa Shell 0il has signed a contract with Arco
Solar, a 100 per cent subsidiary of Atlantic
Richfield, to introduce che amorphous solar cell
technology developed by Arco Solar and to escablish
Showa-Arco Solsr, & jaint venture for producing snd
marketing solar cell products. Arco Solar, the
world's largest solar cell manufscturer, has rich
experience in large-scale thin-film solar cells.

iiows Shell 0il intends to make the new cell
avsailable not only for consumer use but also for
portable generstors and large-scale power generation
in the future.

A solar cell which converts solar light directly
into electricity is now draving much attention as s
practical electric power source in remote areas.

Arco Soler developed in 1984 s Jenesis module
(30 x 30 cm) large-size thin film solar cell, and is

the first to have opened the way to commercislisation
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of thin film technology. It is now coastructing a
fully automatic thin film solar cell commercial plaat
(10,000 W) in Los Angeles. The plant is to be
completed in 1988. There is & plaa to introduce s
plant of the ssme type into Jspan after completion of
the above.

Mesowhile, Shows Shell had tie-wp relatioms with
Arco Solar im 1980, and has mamufactured and marketed
products utiliziag Japanese solar cells. The
establishaeat of a vew joiat venture with Arve Solar
is aimed to utilize its thia film technology and
wodules for large-scale eleactric power is Japan, and
at the same time to wafold merketiag activities ia
Asis and Ocesnis.

The warket of solar cells last year is estimacted
at 6,000-7,000 k¥, but & rapid incresse in demand is
snticipated, because their uses are expasding froe
cousumer use to battery back-up power sources for
yachts, wotor boats, and private sircraft, and
further to large~scale power gemeration plsats.
Responding to this trend, Arco Solar is developing a
30 x 120 cm thin film solar cell. The amoual
turnover of Showa Shell's smorphous solar cells lasc
year was about #500 million, but sales zre expected
to greatly increase due to technology imtroduction
and the establisbwent of joint ventures. The capital
of the new company is 3154 million, of which
75 per ceant is borme by Showa Shell, and 25 per cent
by Arco. (Source: Chem. Econowy and Eng. Review,
June 1986, p. 33)

American Cyanamid invests in solar cells

In a move to build up its electronic chemicals
business, American Cyansmid has agreed to psy sbout
$38 million for Chesebrough-Pomds' 75 per cent stake
in Applied Solar Energy Corp. (ASEC), a $10 million/
year producer of spacecrafl solar cells and
custom-designed photodetectors for medical products
and industrisl applicstions. The 75 per cent equity
has been purchased in late 1984 by Stauffer Chemical,
vhich - along with its ASEC holding - was scquired by
Chesebrough-Ponds in March 1985. ASEC is based at
City of Industry, Celif., and the remaining
25 per cent of its stock is publicly owned. It will
sugment Cyanamid’s Electronic Chemicsls Dept., which
already makes organo-metallic dopants for
semiconductors used in solar cells, medical
electronic equipment and optoelectronic devices.
Comments William L. serry, president of Cysnamid's
Venture Chemicals Div. (which was recently formed to
develop growth opportunities in chemicals), "This
acquisition represents both an exciting new area for
our chemicals business snd a significant growth
opportunity for Cy id.” (s : Chem, Week,

2 April 1985, p. 5) -

The Brazil Trade and Industry magszine reports
that Heliodinamica put its revenues for photovoltaic
exports in 1986 at nearly $3 million, almost double
that of 1985. The company has signed contracts for
transferring its single-crystal silicon technology to
Argentins snd Indis. Indis is buying 350,000 wafers
for $1.05 million.

Five-year solar thermal goals

The US Department of Ensrgy has set what it
calls "highly sabicious” long-term gosls for solsr
thermsl electricity genersting equipment in ics
invc-yur research and development piau for
1986~1990. ... The plan covers: central receivers,
psrabolic dishes and parabolic troughs.

Yor cantral receivers, the five-yesar plan sets
an snnual systes—efficiency gosl of 20 per cent by °
1990 and 22 per cent long-ters; a system capital
peak cost - including indirect costs, normslized to
turbine or process capable of handling k field
thermal output - of $1,800 in 1990 and $1,000




long-term (both in 1984 dollars); a capecity factor
of 0.5 both in 1990 and long-term; aad a2 systes
emergy cost (also in 1984 dollars) of §//kWh in 1990

and &g/%3h loug term.

For dishes, the goals are: systea samual
efficiency, 17 per cent in 1990 and 28 per cent long
terwm; system capital cost of $2,100 in 1990 and
$1,300 long term; capacity factor of 0.26 in 1990
and in the long term; and system energy cost of
I/ in 1990 and 7kim lomg term.

Goals for parabolic troughs, assuming & use only
for thermal energy output, are: systeam aznual
efficiency, 35 per cent in 199 and 56 per ceat long
tern; system capitsl cost, $5%0/kiht in 1990
$370/KkWht long term; capacity factor, 0.2% in 1990
and loag term; and system energy cost, $23/amBtu in
1990 and $9/mmBrtu long term.

The Department of Energy adds that system goals
are levelized in real dollars; long-term values
levelized in nominal dollars, assuming 7 per ceat
inflation, avre 11¢/kihe and $14/mmBtu. The plan
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nootes the $9/amBtu process hest loug-term target is
the levelized cost of delivered emergy ia the 1990s
and is derived from currest foesil fwal costs of
$5/amB:x in 1984 dollars.

The goals are based on s mumber of sssumptions:
average peak imsolstion of 0.95%W/sq.m for both
electric and thermal systems; average anmual
insolatiom, 2,69 kil/sq.m; plaat coastructiom time,
three years; economic life, 30 years for electric
and 20 years for thermal plants; depreciation time,
10 years electric and five years thersal, under the
accelerated cost recovery service; investmeat tax
credit, 10 per cent (both of these are covered and
could chauge under the tax bill); real, after tax,
discount rate, 3.15 per cent electric and 10 per cent
thermal; 1984 base year for prices; 20 per ceat of
capital cost set aside for indirect cost and
contingencies; and cost of land, $5,000/acre for
electric, $12,000/acre for thermal.

A more detailed breakdown cosparing current
»,."

status and future goals (separated by a "::"),
follows:

Current Technology::Long-Ters Component Goals

Electric(b)

Process Beat(b.c)

Cost

Aanusal Cost Annual
Efficiency (1) (19843) Efficiency (%) (19843%)

OPTICAL MATERIALS 88::92 20/5q.m::10/3q.n 88::92 20/sq.m::10/3q.»
CONCENTRATORS

Central Receiver $5:: lsolsq.-(‘) : :w/sq.-(" 55::64 150/sq.n::40/3q.m

Dish 70::78 160/8q.m::130/8q. 70::78 160/8q.m::130/8q.8

Trough (e)::(e) -3- &4::65 200/8q.85::110/8q.n
RECEIVERS

Central Receiver 90:: 80/3q.u::30,8q.n 90:: 80/sq.m’:30/8q.m

Dish 87;: 40/8q.0::70/8q.n 87::95 40/sq.m::30/sq.n

Trough -z:- -tz- 75::9% 40/8q.m::30/8q.n
TRARSPORT

Central Receiver 99::99 45/8q.0::25/8g.n 99::99 45/8q.m::25/3q.m

Dish 93::99 70/5q.m::7/3q.m 93::9% 70/8q.m::65/sq.n

Trough -5z 35 98::98 40/8q.8::30/5q.a
STORAGE

Central Receiver 98::98 25/kWhe: :20/kWhe 98::98 25/xWhe: :20/kWhe

Dish -3 ~z- -::98 =::20/wihe

Trough - =-53= -::98 ~::20/kWht
converston( f)

Central Receiver 36::39 600/kWe: :350/xWe 99::99 50/xWe::60/kWe

Dish 23::41 380/kWe: :100/xWe 99::99 50/kWt::40/kWe

Trough - - 99::99 50/xWt::40/kWe
BALANCE OF PLANT

Central Receiver 65/8q.m::30/8q.m NA::HA

Dish 35/3q.m::20/3q.m NA::NA

Trough tE id MAZ:MA 35/8q.m::20/3q.m
systen(e)

Central Receiver 17::22 2,900/kWe: :1,000/kWe 48::56 800/kWe::270/kWt

Dish 13::28 3,400/kWe::1,200/kie 56::68 780/kNt; : 4630/ kit

Trough -55= ~53= 32;:56 760/kWe: :370/kwWt
OPERATIONS AND MAINT.

Central Receiver NA::MA 12/sq.m~yr::9/sq.myr NA:: 15/8q.m~yr::9/6q.mysc

Dish NA;:NA 8/sq.m-yr ::10/8q.m-yr [ T¥3 8/eq.wyr::6/8q.m-yr

Trough | -i= -i- WA:: 15/8q.myr::0/sq.myr
percy cost(i)

Central Receiver NA::NA 0.13/kihe::0.04/kihe MA:: 21/mabtu::7/mmbeu

Dish NA::NA 0.13/kWhe::0.05/kithe WA;; 17/mmbBtu::9/mbcu

Trough -g- -5z= MA:: 30/malty: :9/mmstu

(sa) Centrsl receivers use 0il, dish near-term electric uses vater/steam vith sensible hest transport to central
engine, dish long-term electric uses helium (high-temperature) with engine st each focal point snd slectric trsnsport,

and dish hest systems use vater/stess.
0.9 central raceiver thermal, 0.28 dish thermal and 0.24 trough thermsl.

(d) Dollars per sq. ® of concentrator aperturs.

chenicals.

is with heat engines, thermal is with hest exchaugers.

handling peak field thermsl output;
(i) Energy costs levelized in resl dollars;

includes direct and contingency costs for long term.
last two lines ars costs of electricity and hest in the 1990s;

(e) Mo goals for this option.
(g) System costs normalized to turbine or process capsble of
(h) NA = not applicsble.

(b) Capacity factors are 0.5 central receiver slectric, 0.26 dish electric,

(¢) 1Includes production of fuesls and

dollars (sssuming 7 par cent inflation), the gosls are $0.11/idhe and $14/mmbtu.

(Extracted from Solar Intelligence Report, 1 July 1986)

(f) Rlectric conversion

in nominel



UNIDO ACTIVITIES IN TME FIELD OF SOLAR-PMOTOVOLTA® -

UNIDO reports:

15.339 Technological Iaformation Profile om Solar
1982 Energy Applicatiocas by A. Takla

1S.340 Directory of Solar Equipment
1982 Manufscturers/Volume 1

15.341/ Directory of Solar Research Iastitwtes in
Rev.1 Developing Countries
1984

D/vG. Respouses of Developing Coumtries to

401/5 Technological Advances. Some Bssic

1983 Considerations with Referemce to Biomass
and Photovoltaics by 0. A. El-Kholy

Documents from the Workshop om the Estsblishment of a
Comsultative Group on Solsr Emergy Research and
Applications (COSERA), which was held in Viemne,
Austria, from 8-10 December 1986.

ID/WC.464/1 Establishment of COSERA: Issue Paper

ID/NG.464/2 State of the Art of Research and
Development of Solar Energy Techaologies
in Indis by T. K. Moulik

ID/WG.464/3 Solar Energy in Latin America by
Ivar Chambouleyron

ID/WG.464/4 Report

IPCT.16 A Reviev of E ic snd Techunological

(SPEC.) Requirements of Solar Cells: Status and
Resesrch of Polycrystalline thin film
devices by T. J. Coutts (Priancipsl
Scientist, Solar Energy Research Iust.,
1617 Cole Blvd. Golden, Co. 80401, USA)

IPCT.17 Solar Thermal Conversion Technologies

(SPEC.) Trends in Research, Development and
Commercializstion by W. W. S. Charters
(Professor, Mechsnical Engineering
Dept., University of Melbourne,
Parkville, Victoria 3052, Australia)

IPCT.18 Study on Asorphous Silicon Solar Cells
(spec.) by Arun Madan (ClastechSolar Inc., 12441
W. 49th Ave., Wheat Ridge, Co.8003), USA
IPCT.19 Solar Cell Msterisls and Fabricationm
(sPEC.) Technologies by K. W. BRer (Professor,

University of Delavsre, Mevark,
DE 19716, USA)
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LIST OF UNITED NATIONS AND OTHER ORGANIZATIONS
ACTIVE IN THE FIELD OF SOLAR-PHOTOVOLTAICS

UNITED WATIONS ORGANIZATIONS

Division of Human Settlements and Socio-cultural
EBnvironment Division, Socisl Sciences and their
Applications Sector, United NMations Lducstions,
Scientific and Cultursl Orgenization (UNESCO)
r-75700 Paris

Trance

Econowic and Social Council, United Nations (EC0SOC)
United Wations Plazs
New York, NY 10017, USA
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Energy Department, Intersatiomal Bank for
Recoastructicn and Development (World Bank) (IB2D)
1818 U Screet W

Vashingtoa, DC 20433

USA

Energy Development and Co-ordisation Sectiom,
Division of Techmoiogical Research asd Righer
Education, Sciemce Sector, United Natious
Edwcatiomal, Scieatific and Cultwral Orgasizatioa
(£ sco)

F~75700 Paris

Framce

Internationsl Referral System for Sources of
Eaviroumentsal Informstion, Progrsmme Activities
Centre, Ulnited Nations Eavircesent Programme
(INPUTERRA)

P.0. Box 30552

Bairobi

Kenys

Library, Ecomomic snd Social Commission for Asia ana
the Pacific (ESCAP)

United Nations Buildisg

Rajésmmern Avesve

Bangkok 10020

Thailaad

Natursl Resources and Esergy Division, Department of
Technical Co-operation for Development,

United Nations (NRED/DTCD/UM)

United Nstions Plaze

Wew York, NY 10017

USA

Natural Resources Division, Economic and Social
Commission for Asia snd the Pacific (MRD/ESCAP)
United Mations Building

Rajdamnern Avenue

Bangkok 10200

Thailand

Office of Davelopment Ressarch and Policy Anslysis,
Department of Internstional Economic and Social
Affairs, United Mations (DRPA/DIZSA

United Nations Plasza

New York, WY 10017

usa

Pan-African Documentation and Information Service,
Economic Commission “or Africa (PADIS/ECA)

P.0. Box 3001

Addis Ababa

Ethiopia

Patent Information and Classification Division, World
Intellectusl Property Organization (WIPO)

34, Chemin des Colombettes

Ci~1211 Gensvs 20

Svitzerland

:ut)iuiu Division, Economic Commission for Africa
ECA

P.0. Box 3001

Addis Ababa

Ethiopis

United Nations Conference on Trade snd Development
(UncTAD)

Paslais des Wations

CH-1211 Genevs 10

Switseslend

Expanded Programme for Immunisation, World Health
Organization

20 Avenus Appis

CH-1211 Ceneva 27




MOM-UNITED BATIONS INTERNATIONAL ORCABIZATIONS

Commission of the European Comsunities (CEC)
200, rve de la Loi

B-1049 Brussels

Belgium

Committee on Data for Science and Techmology,
Iatecuational Council of Scieatific Unioans
(CODATA/ICSU)

51 Boulevard de Montsoreancy

PF-75016 Paris

Framze

Council for Mutual Economic Assistance (CMEA) (Soviet
Ekonomicheskoj Vzaimopomschi - SEV)

Kslinin Prospect 56

Moscow G-205

USSRk

Eurosun Centre, Commission of the European
Communities (EUROSUN)

200, tue de la Loi

B-1049 Brussels

Belgium

Culf Organization for Industrial Consulting

(co1c)
P.0. Box 5114
Dohs

Qatar

Orgenization for Economic Co-opeoration and
Development (OECD)

2, rue André-Pascal

75775 Paris Cedex 16

France

Renewable Energy Nesources Information Centre, Asisn
Institute of Technology (RERIC/AIT)

P.0. Box 2754

Banghkok

Thailand

South Pacific Commission (SPC)
B.P. D.5

Boumes Cedex

Nev Csledonis

International Institute for Applied Systems Analysis
(IIASA)

A-2361 Laxenburg

Austris

Joint Resesrch Centre, ISPRA Estadlishmenc,
Comminsion of Luropean Communities (JRC/ISPRA/CEC)
21020 Ispra (Varese)

Italy

South Pacific Bureau for Economic Co-operation (SPEC)
P.O. Box 856
Suva, Fiji

(Source: UNESCO, Second edition 1986, "International
Directory o and Renswsble Energy Information
Sources and Research Centres”)

LIST OF SOLAR-PHOTOVOLTAICS RESEARCH
INSTITUTES 1IN DEVELOPING COUNTRIES

Wstionsl Society for Electricity and Cas (Societe
Wationale d’Electricite et de Caz - SONELGAZ)
Brd. Salsh Bouskouir, 2

Alger, Algeria

Photovoltsic Resesrch Laborstory (Leborsto.re de
Recherches Photovolteiques)

B.P. 1017

Algar Care, Algeris
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Argentinian Solar Laboratory (Laboratorio Solar
Argeatioo - LSA)

Lexica 3948

1202 Buenos Aires,

Argentina

Engineering aad Architecture Faculty, Natiomal
University of San Jusn (Facultad de lngemieria y
Arquitectura, Universidad Baciomsl de San Juan)
Avenida del Libertador Grel. Sen Marria 1109 (Oeste)
5400 San Juam, Argentina

Faculty of Architecture and Urbanism (Faculted de
Arquitectura y Urbanismo)

F. Alcorta 3024

1425 Buenos Aires, Argentina

Faculty of Science, University of Tandil

(Facultad de Ciencias Exactas, Universidad de Tandil)
Calle Pinto 399

7000 Tandil

Provincia de Busnos Aires, Argentina

Institute of Solar Architecture (Instituto de
Arquitectura Solar - IAS/FABA)

Avenida 1, Fo. 698

1900 La Plata,

Argentins

Associstion of Development igencies in Bangladesh
(ABAD)

Road Mo. 6A, House No. 46A

Dhanmondi R/A

Dacca, Bangladesh

Bangladesh University of Eagineering and Technology
Dacca 2, Bangladesh

Renewable Energy Research Centre, Faculty of Science,
Dacca University
Dacca 2, Bangladesh

Benia Electricity and Wster Corp. (Societe Beninoise
d’Electricite et d'Esu - SBEE)

B.P. 123

Cotonou, Benin

Sotswana Mational Library Service (BMLS)
Private Bag 0036
GCaborone, Botswana

Botswvana Technical Information Service,
Botsvans Technology Centre (BTIS/BIC)
Privete Msil Bag 0082

Gaborone, Botswans

Informstion Centre on Scientific and Technological
Policy, National Council of Scientific and
Technological Development, Secretariat for Planming
(Centro de Information sobre Polftica Cienc{fica e
Tecnolbgica, Conselho Nacional de Desenvolvisento
Cient{fico e tecnolégico, Secretaria de

Plane jsmento - CPO/CNPQ/SEPLAN)

Avenids W3 Norte - Quadrs 507 - Bloco B

70740 Brasilis - DF, Brazil

Polytechnicsl Institute, University of Sio Paulo,
Youndation for Engineering Development (Escols
Politécnica, Universidade de $i3o Psulo,

Tundagdo pars o Desenvolvimento Tecnolégico ds
Engenharis - USP/FDTIL)

Ceixa Postal 8174

05508 Sao Peulo - SP, Braszil

Tedersl University of Pernsmbuco (Univereidede
Federal de Pernambuco - UFPE)

Cidsde Universitéris

Avenida Prof. Lufs Yreire s/n - Engenho do Meio
50000 Recife - PL, Braszil




State University of Campinss (Universidade Estadwal
de Campinas - UNICAMP)

Csixa Postal 1170

13100 Campinas - SP, Brazil

University of Sao Carlos, University of
Siao Paulo (Universidade de Sao Carlos,
Universidade de Sao Paulo)

Aveanida Dr. Carlos Botelho, 1465
13560~ Sao Carlos - SP, Brazil

African Intellectual Property Ocrganization
(Organisation Africaine de la Propriete
Intellectuelle — OAPI)

P.0. Box 887

Yaounde, Cameroon

Marional Commission for Scientific and Technological
Research (Comision Macional de Investigacion
Cientifica y Tecnologica - COMICYT)

Canada 308

Casilla 297 V

Santiago, Chile

Institute of Electrical Engineering, Chinese Academy
of Sciences

Zhongguangchun,
Beijing, People’s Republic of China

Shanghai Institute of Cersmics, Chinese Academy of
Sciences

865 Chang-ning Road

Shanghai 200050, People’s Republic of China

Solar Cell Research Group, Department of Physics,
Xisn Jisotong University (CTUSG)
Xian, People’s Republic of China

Tianjin Institute of Power Supply
Tianjin,
People’s Republic of China

Divisions of Scientific Research and Experimental
Hansgement, Colombian Society of Solar Energy aod
Non-Conventional Energies (Divisiones de
Investigacifn Cientffica y de Gestion Experimental,
Sociedad Colowmbisns de Energfa Solar y Energias No
Conveancionales - SOCES)

Apartado aéreo 20-37

Bogots D.E., Colombia

Energy Division, Mational Planning Dept. (Division de
Energia, Departamento Nacional de Planeacion - DWP)
Calle 26, No. 13-19, Piso 8

Bogota, Colimbia

Insticute for Ixperiments and Research, Faculty of
Engineering, National University of Colombia
(Instituto de Ensayos ¢ Investigacién, Facultad de
Ingenieris, Universidad Nacionsl de Colombis - 1£1)
Apartady séro 5885

Bogots, Colowbis

Solar Energy Croup, Inscitutc de Invescigacién en

Llectrénics, University of Cauca (Crupo de Energfs
Solar, Instituto de Investigacién en Electréanica,

Universided del Cauca ~ GIEZS/IDIRT)

Universidad del Cauce

Popsysn, Colombis

Solar Energy Research Group, Department of Physics,
Wational University of Colombis (Crupo de Energfs
Solsr, Depsrtesmento de Pisica, Universided Macional
de Colombis - GS)

Apsrtamento Adreo 100102

Bogots 10, Colombia

Miniscry of Naturcl Resources and Energy, Nationsl
Iastictute of Enscgy (Ministerio de Recursos Waturales
y Energeticos, Instituto Macional de Energis - INL)
?.0. Box 007-C

Quito, Eeuador
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Desert Development Demoustration asd Traiming
Program, American University ia Cairo

113 Sharia Kasr El Aini

Cairo, Egypt

Department of Science, Natiomal Jmniversity of Gaboa
(Faculte des Sciences, Universite Matiomale du Gabon)
B.P. 911

Libreville, Gabon

Department of Mechanical Engineering,
University of Science snd Technology
University P.O.

Kumasi, Chana

Departme~. of Muclear Physics, Mational Techmical
University of Athens, Ministry of Industry and
Matural Resources

28 Octovriou Av. Mo. &2

10433 Athens, Greece

Departmeat of Mechsamical Engineering,
University of Cuyama

P.0. Box 101110

Georgetown, Guyana

Bharat Heavy Electricals Ltd. (BHEL)
Vikas Nagar
Byderabad 500 593, India

Central Electrochemical Research Institute, Council
of Scientific snd Industrial Research (CECRI)
Karaikodi 623006, India

Central Sslt and Marine Chewicals Research Institute,
Couacil of Sciestific and Industrial Resesrch
(CSMCRI/CSIR)

Gijubhai Badheka Marg

Bhavnagar 366 002, India

GCujarat Energy Development ; ocy (GEDA)
B. N. Chambers, 3rd Floor

R. C. Dutt koad

Vadodara 390 005, India

Public Works Department (Electricity Wing),
Covernment of Tripura

Agartala

Tripura 799001, India

Technical Informstion Centre, Metallurgical and
Engineering Consultsats Ltd., Ministry of Steel
and Mines

Ranchi 834 002

Bihar, Indis

Agro Engineering and Renewable
Energy Corp. (AEREC)

Rohtak 6L Model Town (124001) Rohtk

Harysna, India

Bhabs Atomic Resesrch Centre (BARC)
EZagineering Rall C

Trombsy

Bombay 400 085, Indis

Biochesical Engineering Research Centre,
Indian Institute of Techaology (IIT)
Heus Khas

Nev Delhi 110 016, India

Central Arid Zone Kesearch lastitute
(CAZRI/JODHPUR)
Jodhpur 342 003, India

Central Electronice Ltd. (CKL)
Industrial Ares~4
Sahibabad 201 010, Indie

Central Powar Research Institute (CPRI)
2.0. Box 1242
Bangalore-560012, India




Centre Sor Energy Environment and Technology,
Administrative Staff College of India (ASCI)
Bella Vista

Hyderabad 500 049, India

Centtre for New and Renevable Sources of Energy,
College of Engineering, Anna University
(CENRESE/CEG/AV)

Cuina~

Muaras 600 025, Ind:a

Centre for Studies in Decentralized Industries
Vaikunthbhai Mehta Smarak Trust

NXM International House, Sth floor

178 Backbay Reclamation, Bombay 20, ludis

Centre of Energy Studies, Indian Institute of

Technology (IIT)
Hauz Khas
Nev Delhi 110 016, India

Chemistry Department, University of Poona
Pune 411 007, India

College of Engineering and Technology, Aligarh Muslim
University, Z. H.
Aligarh 202 001, Indias

Dayanand Brijendra Swaroop Post Graduate College,
Garhwal University

Dehradun 248 001

Pradesh, India

Department of Mechanical Engineering, Indian
Institute of Technology (IIT)
Madras 600 036, India

Department of Mechanical Engineering, Indian
Institute of Technology Kanpur (IITK)

P.0. Box LITKANPUR-208016

Uttar Pradesh, India

Department of Physics, Gujarat University
Navrangpura

Ahmedabad 380 009

Gujarat, India

Energy Livision, Jyoti Ltd.,
Tandal ja
Barods 391410, 1ndia

Energy Systems Group - R&D, Advani-Oerlikon Ltd.,
(AOL)

Chirchwad

Pune 411 019, India

Nationsl Chemical Laboratory, Council of Scientific
and Industrisl Research (NCL/CSIR)

Pune 411 009

Maharashtrs, India

National Physicsl Laboratory
New Delhi 110 012, India

Physics Department, Inscitute of Advanced Studies,
Meerut Universi.y,
Meerut 250 007, India

Physics Department, University of Roorkee
Roorkee 247 672 (U.P.), India

Planning Research and Action Division, State Planning
Institute

Kalskanksr House

Lucknow 226 001, India

PSC College of Technology
Coimbatore 641 004, India

Social York and Research Centre (SWRC)
Tilonia 305816

Madanganj, Rajasthan,

India
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Sols: Engineering Division, Best and Crompton Ltd.,
Industrial Estate (North)

Ambattur

Madras 600098, India

Thapar Institute of Engineering and Technology
Paciala 147 001
Punjab, Indis

University of Kalyani
Kalyani
West Bengal 741 235, Ind:a

Vikram Sarabhai Space Centre
Trivandrus 695 002, India

Solar Energy Research Centre, Scientific Research
Council, Council of Ministers

P.0. Box 13026

Jaderiysh

Baghdad, Iraq

Center for Energy Studies (Centro Studi Energia -
CESEN)

Via Serra 6

1~16122 Genovs, Italy

Centre for Information Studies and Experiment (Centro
Informazioni Studi Esperienze - CISE)

P.0. Box 12981

I- 20090 Segrate (MI), Italy

Centre for Applied Solar Energy Research (Centro d1
Ricerca Applicata per 1'Impiego Dell’Energia Solare -
CRAIES)

Presso A.G.S.M.

Lungadige Caltarossa, R

1-37100 Verons, Italy

FIAT
Via Cuneo, 20
1-10153 Torino, Italy

Institute of Chemistry and Technology of Materials
and Devices for Electronics, National Research
Council (Instituto di Chimica e Tecnologia dei
Materiali e dei Componenti per 1’Elettronica,
Consiglio Nazionale Delle Richerche)

Via Castagnoli, 1

1-40126 Bologna, Itsly

Institute of Energy Sources Economics,

University L. Bocconi (Istituto di Economia Delle
Fonti di Energia, Universit§ L. Bocconi - IEFE)
Via Sarfatei 25

1-0136 Milano, Italy

Italian Commission for Research and Development of
Nuclesr and Alternative Energy Sources, Ministry of
Energy (Comitato Nazionale per Ricercs ¢ Sviluppo
Energia Nucleare ¢ Energie Alternative, Ministero de
Energis ~ ENEA)

125 Viale Regina Margherita

1-00198 Roms, Italy

Technical Physics Institute, Turin Polytechnic
(Instituto di Fisica Tecnica, Politecnico di Torino)
Corso duca Delgi Abruzzi, 24

I-10129 Torino, Italy

University of Bologns (Universita Degli Studi di
Bologna)

Vis Selmi, 2

1-40126 Bologna, Iltaly

Italian Section, Internationsl Solar Energy Society
(1SES)

Viale Regins Margheritas, 183

1-00198 Roms, Italy

National Company for Petroleunm
B.P, 1269
Abidjan, Ivory Coast




University of the West Indies (UWI)
Mona
Kingston 7, Jamaica

National Scientific and Technical Information Centre,
Kuwvait Institute for Scieatific Research (MSTIC/KISR)
P.0. Box 24885
Safat, Kuwsit

Kuwait Institute for Scientific Research (KISR)
P.0. Box 24885
Safat, Kuwait

Rural Techuology Unit, Thaba Tseka Rural Development
Programme (RTU)

P.0. Box 1027

Maseru, Lesotho

Mev Emergies Inc. (Hery Vao S.A., Solitany Malagasy)
Bitiment "Maison Des Produits”

Soixante-Sept Hectares

Antansnarivo, Madagascar

University Commission for New Energies, University of
Madagascar (Delegation Universitaire Aux Energies
Mouvelles, Universite de Hadagascar - DUEN)

B.P. 566

Ankastso

Antananarive 101, Madagascar

Enviroomental Protection Society, Malaysia (Persatuan
Perlindungan Alam Sekitar Malaysia - EPSM)

Peti Surat 382

Jln. Sultan

Petaling Jaya, Malaysia

Standsrds and Industrial Research Institute of
Malaysias (SIRINM}

P.0. Box 35

Shak Alam

Selangor, Malaysia

University of Science, Malaysis (Universiti Sains
Malaysia)

Minden

Penang, Malaysia

Bamsko Tescher Training College (Ecole Normsle
Superieure de Bamako)

B.P, 241

Bamako, Mali

Mali Aqua Viva
Diocese de San
A-San-3.P. 1, Mali

Solar Energy Laboratory, Ministry of State for
Equipment (Laboratoire d’Energie So.aire, Ministdre
d'Etat Chargé de i'Equipement - LESO)

B.P, 134

Bamako, Msli

Sonelec Inc. Hydraulics snd Energy Authority (Societe
Nationsle d’Eau et D'Electricite, Commissariat
Hydrologie et Energie)

3.P. 355

Nouakchott, Mauritanias

Zlectric Research Institute, Federsl Electricity
Commission, Ministry of Energy, Hines and Industry
(Instituto de Investigsciones Eléctricas, Comisidn
Federal de Llectricidad, Secrstsris de Energis, Minas
e Industris Paraescatal - IIE)

Apartado Postal 133

62000 Cuernavacs, Morelos, Mexico

Autonomous University of Chihushua (Universidad
Autonoms de Chihushua)

Vicente Cuerrero y Escorsza

Chihuahus, Chihushua,

Mexico
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Ceatral Light and Power Co., Ministry of Emergy,
Mines and Iandustry (Compania de Luz y Fuerza del
Centro, S.A., Secretariat de Energfs, Minas e
Industria Paraestatal - CLFC/SEMIP)

Melchor Ocampo 171, D.F. 17, Mexico, Mexico

Centre for Economic and Social Studies of the Third
World (Centro de Estudios Economicos y Sociales del
Tercer Mundo - CEESTEM)

Coronel Porfirio Diaz 50

San Jeronimo Lidice

D.F. 20, Mexico

Division of Resecarch and Techaological Developmenc,
National Centre for Imdustrial and Techaicsl
Educatioa (Division de Iavestigscifa y Desarvolle
Tecnolégico, Centro Macionsl de Eazelianza Técamica
Industrial)

Avenids de las Cranjas 682

D.F. Mexico 16

General Co-ordimarion Office, Mexicaa Petroleum,
Ministry of Esergy, Mines and Industry (Oficina de
Coordinacibn General, Petroleos Mexfcanos, Secretaria
de Energis, Minas ¢ Industria Parsestatal - PEMEX)
Avenida Marina Macional 329

C.P. 11311

D.F. 17 Mexico

Institute for Materisls Research, National Autonomous
University of Mexico (Instituto de Investigacién en
Materiales, Universidad Macional Autonoms de Mexfco -
T IM/UMAM)

Circuito Exterior

Ciudad Universitaria

D.F. 04510 Mexico

Ls Laguna Institute of Techmology (Ilastituce
Tecnolégico de Ls Laguas - ITLL)

Bulevard Revolucibo Torreba

Coahuila 27000, Mexico

Merida Institute of Technology (Iastituto Tecmolbgico
de Merida -~ ITH)

Calle 17, No. 850

Merida Yucatam 97135, Mexico

Mexican Iastitute of Matural Renewsble Resources
(Instituto Mex{cano de Recursos Matursles
Renovables - IMRMR)

Dr. Vertixz 724

D.¥7. 03020 Mexico

Mouterrey Institute of Technology and Advanced
Studies (Instituto Tecnolégico y de Bstudios
Superiores de Monterrey - ITESH)

Avenida Eugenio Garza Sads 2501 Sur

Monterrey

64849 Neuvo Lebn, Mexico

School of Emgineering, Anshusc University (Escuels de
Ingenieris, Universidad Anshuac)

Lomas Anshusc

B.F. 010844 Mexico

Sun Group (Grupo del Sol, S.C.)
Ave. Acusducto 401-B

Colonia Ruipulco

D.¥. Hexico 22

Mohsmmed V University (Université Mohamed V)
Avanue Ibn Bstouts
Rabst, Morocco

Universicy of Nismey (Université de Wiamsy)
8.P. 9
Nismey, Wiger

Nationsl Centre for Energy Resesrch snd Developmenc,
University of Nigeris
Nsukks, Nigeris




Migerian Institute of Plart Science and Solar Energy
Technology

149, Bospital Road

Aba

Imo State, Migeria

Cirectorate of Industrial Liaison, Pakistan Council
of Scientific snd Industrizl Research, Ministry of
Science and Technology (PCSIR)

Press Centre, 2ad Floor

Shshare-e-Kamal Acaturk

Kavrachi-0109, Pakistan

Habid R. Khan & Ascocistes
151-C/2, Khalid Bin Waleed Road
Karachi 029, Pakistan

Silicon Technology Development Centre (STDC)
H-15 Street 44

Sector F-8/1

Islamabad, Pakistan

Hydraulic Resources and Electrification Institute,
National Commission on Energy (Instituto de Recursos
Hidravlicos y Electrificacion, Comision Nacional de
Energis - IRHE/CONADE)

Departamento de Energia y Tarifas

Apartado 5285 Zona 5

Panama, Panama

Department of Electrical and Commmications
Engineering, Papua Mew Cuinea University of Technology
Private Mail Bag

Lae, Papua New Guinea

Institute for Technological and Industrial Research
and for Technical Standards, Ministry of Industry
(Instituto de Investigacion Tecnologica Industrial y
de Normas Tecnicas, Ministerio d'Industria - ITIN.EC)
Apartado postsl 145

Lima 100, Peru

Economic Development Foundation (EDF)
P.0O. Box 370 MCC

Makati

Hetro Manila

Energy Research and Development Cenctre, Philippine
Nacional Oil Company, Ministry of Energy (ERDC/PNOC)
P.0. Box 1031 I1.C.C.

Makaci

Metro Manila

Department of Renewable Energies, National Laboratory
of Industrial and Technological Engineering
(Departamento de Energias Renovaveis, Laboratorio
Nacional de Engenharia e Tecnologia Industrial -
LNETI)

Estrada Do Paco Do Lumiar, 22

1600 Lisboa, Portugal

Molecular Physics Centre of the Lisbon Universities,
National Institute of Scientific Research, Ministry
of Education and Scientific Research (Centro de
Fisica Molecular das Universidades de Lisboa,
Instituto Nscional de Investigscao Cientifica,
Ministerio ds Educacio e Investigacdo

Cientifica - CPMUL)

Complexo Interdisciplinar

Av. Rovisco Paes

1000 Lisbos, Porcuga’

Das Olives Seminar, New University of Lisbos
(Seminario Dss Olivas, Universidade Mova de Lisboa)
Quints do Cabeco

Lisbos 6, Portugs!

Faculty of Science snd Technology, University of
Coimbrs (Faculdade de Ciencis e Tecnologia,
Universidade de Coimbra)

Lsrgo Marques de Ponhal

Coimbra 3000, Portugal

Research Centre for Solid Pbysics (Cencro de Fisica
de Materia Condensads — CFNC)

Av. Prof. Cama Pinteo

Lisbos Codex 1699, Portugsl

Portuguese Solar Energy Society, Portuguese Sectica
of ISES (Sociedade Pocrtuguesa de Energia Soler,
Sociedade Internacionsl de Energia Solar -~ ISES)
Rua da Junqueira 299

1300 Lisboa, Portugal

Korea Institute of Energy and Resources,
Ninistry of Science and Technology (KIER)
P.0. Box 339 Daejeon

Chooangnam, Republic of Korea

Centre for Energy Research and Applicacions in
Rwanda, National University of Rwanda (Centre
d’Etudes et d'Applications de 1'Energie au Rwanda,
Universite Nationsle du Rvanda - CEAER/UNR)

Boite Postale 117

Butare, Rwanda

University of the South Pacific
P.0. Box 890
Apia, Samoa

Saudi Arabian National Centre for Science and
Technology (SANCST)

P.O0. Box 6086

Riyadh, Ssudi Arabia

University of Petroleum and Minerals
UPM Box No. 31
Dhahran, Ssudi Arabia

College of Engineering, Ministry of Righer
Education (KAU)

P.0. Box 9027

Jeddah, Saudi Arabia

University of Riyadh
P.0. Box 2454
Riyadh, Saudi Arabia

Industrial Society for Applications of Solar Energy
(Societe Industrielle des Applications de i'Euergie
Solaire - SINAES)

B.P. 1277

Dakar, Senegal

National Centre of Planning for Scientific and
Technological Research (Centre National de la
Planificacion de ls Recnerche Scientifique et
Technologique - SERST)

Dakar

Senegal

Faculty of Engineering, National University of
Singapore (NUS)

Kent Ridge Csmpus off Clementi Road

Singapore 0511

Energy Studies Centre (Centro de E:ztudios de la
Energia - CEE)

29, Calle Augustin de Foxé

Madrid 16, Spsin

Elecerical Industrisl Research Association
(Asociacién de Investigacién Industrisl Electrics)
Francisco GCervas, 3

Madrid 20, Spsin

Ceylon Petroleum Corp.
113 Calle Road

Colombo, 3, Sri Leaks

Deparement of Enginesring, University of Surinsm
University Complex, Building IIL

Laysveg

Parsmaridbo,

Suriname



Faculty of Mechanical and Eiectrical Engineering,
University of Damascus

P.0. 3ox 86

Damascus, Syrian Arab Republic

National Energy Information Centre, National Energy
MAdministration, Ministry of Science, Technology and
Energy (NEIC)

Rama I Road

Bangkok 19500, Thailand

Kational Research Council of Thailand (NRCT)
Bangkhen

Bangkok 10300

196 Phaholyothin Road, Thailand

Academic Resource Centre, Chulalongkorn University
Phyathai Road
Bangkok, Thailand

Energy Technology Programme, King Mongkuts Institute
of Technology Thonburi (KMITT)

Bangmod, Rasburana

Bangkok 10140, Thailand

Engineering Institute of Research and Development,
Faculty of Engineering, Chulalongkorn University
(EIRD)

Phyacthai Road

Bangkok 5, Thailand

Faculty of Engineering, Prince of Songkhla University
HRaad Yai
Songkhla 90112, Thailand

School of Energy and Materials, King Moagkuts
Institute of Technolegy Thenburi (KMITT)
Bangmod, Rasburana

Bangkok 10140, Thailand

Thailand Institute of Scientific and Technological
Research, Ministry of Science, Technology and Energy
(TISTR)

196, Pahonyothin Road

Bangkhen

Bangkok 10900, Thailand

Economic Planning Unit, Ministry of Economy
(Planification Economique, Ministere de 1l'Economie)
Tunis, Tunisia

Rural Engineering Research Centre (Centre de
Recherche du Cenie Rural - CRGR)

P.0. Box 10

Ariana, Tunisis

State Enterprise for Petroleux Operations (Entreprise
Tunisienne d’Activites Pecrolieres - ETAP)

11, Av. Khereddine Pachs

Tunis, Tunisis

Tunisisn Elect~icity and Cas Co., rinistry of Economy
(Societe Tunisienne de 1'Electricite et du Gaz,
Hiniscere de 1'Economie - STEC)

38 Rue Kemal Acaturk

1021 Tunis, Tunisis

All-Union Institute for Scientific snd Technical
Information, Acsdemy of Sciences USSR (Vsesoyuzny
Institut Nauchnoj I Tekhnicheskoj Informatsii -
VINITI)

Baltijskajs ul., 14

Hoscow A-119,

Union of Soviet Socialist Republics

Institute for High Temperatures, Section of Physicsl
and Technical Problems of the Power Industry, Academy
of Sciences USSR (Institut Visokih Temperstur - IVTAN)
Korovinskoye Road

Moscow 127412,

Union of Soviet Socialist Republics

Department of Agricvitural Engineering and Lund
Planning, Faculty of Agriculture, Forestry asnd
Veterinary Science, University of Dar es Salaaa
c/o Sub Post Office - University

Morogoro, United Republic of Tanzania

Tanzania Mational Scientific Kesearch Council,
Miaistry of Planning and Economic Affairs
Baraza LA

P.0. Box 4302

Kivukoui Froat

Dar es Salaam, United Republic of Tanzania

Tanzania Petroleum Development (TPD)
Dar es Salasm, United Republic of Tanzania

Solar Energy R ch and Me ement Centre,
Department of Applied Mathemetics and Physics
University Institute of Technology (Centro de
Estudios y Mediciones de la Energia Solar
Departamento de Matemstica Aplicada y Fisica
Instituto Universitario de Tecnologis - CEMERSOL)
Avenida Nicanor Bolet Perazs

Apartado 40.347

Santa Monics, Csracas 104, Venezuela

Appropriate Technology Informstion Unit, Centre of
Research on Socisl Action (Service d'Informaion de
Technologie Appropriée, Cenire d'Etudes pour l'Action
Sociale - CEPAS)

B.P. 5717

Kinshasa-Gombe, Zsire

UNIONCOOP

B.P. 187

by ji-Maui
Kasai-Oriental, Zaire

University of Zambia
P.0. Box 32379
lusaka, Zambia

Power and Mining Sector (PMS)
Lusska, Zawbis

Solar Energy Society of Zimbabwe, International Solar
Energy Society (SESOZ/ISES)

P.0. Box MP 119

Mount Pleasant

Harare, Ziwbabwe

LIST OF SOLAR !..TERIALS RESEARCH INSTITUTES
IN DEVELOPING COUNTRIES

Solar Energy Croup, Rosario Institute of Physics
(Crupo de Energia Solsr, Instituto de Fisica
Rosario - GES-IFIR)

Avenida Pellegrini 250

2000 Rossrio, Argentina

Institute of Technological Kesesrch of the 5tate of
Sso Paulo, Secretariat for Industry, Commerce,
Science snd Tecnnology of the State of Sio Paulo
(Instituto de Pesquisas Tecnolégicas do Estado de
Sio Pavlo S.A,, Secretaria de Inddstria, Comércio,
Ciéncis ¢ Tecnologis do Esteado de Sao Puulo -
IPT/SICCT)

Caixa Postal 7141

05508 Sso Paulo - $P, Brazil

Solar Energy Laborstory, Federsl University of
Psrsibs (Lsborstério de Energia Solar, Universidade
Tederal ds Parsfba ~ LES/UFPS)

Cidade Universitéris

Joso Pessos - PB

$S8000 Pars{bs, Brazil

Research Department, University of Chile (Grupo de-
Investigacion, Universidad de Chile)

Av. Lcuador 3469

Sanciago, Chile
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Shanghai Institute of Energy, (hinese Acajemy of
Sciences

1960 Long Hua Road

Shanghai, People’s Republic of China

Beijing Solar Energy Research Institute
Hea Yusn Road M¥o. 3 .
Hai Dian Qu

Beijing, People's Republic of China

Shanghsi Institute of Cersmics, Chinese Academy of
Sciences

865 Chang-ning Road

Shanghai 200050, People’s Republic of China

Solar Cell Research Group, Department of Physics,
Xian Jisotong University (CTUSG)
Xian, People’s Republic of China

Institute for Experiments snd Research, Faculty of
Engineering, National University of Colowbia
(Instituto de Ensayos e Investigacién, Facultad de
Ingenieria, Universidad Macional de Colombia - IEI)
Apartado aéro 5885

Bogota, Colowbia

Department of Building Physics sud Eavironwent,
General Organization of Housing, Building and
Planning, Ministry of Industry aad Mineral Wealth
(couseRr)

P.0. Box 1770

Cairo, Egypt

Rogbsne Scientific Research Centre, Central
Co-ordinating for Research and Documentation of
Guinea, Ministry of Higher Educstion and Scientific
Research (Centre de Recherche Scientifique de
Rogbane, Institut Central de Co-ordination de la
Recherche et de la Documentation de Guinee, Ministire
de 1’'Enseignement Superieur et de la Recherche
Scientifique - CERESCOR)

8.P. 581

Conakry, Guines

Industrial Development Centre (Centro de Desarrollo
Industrial - CDI)

Apartado Postsl 703

Tegucigalpa, Honduras

Indian Copper Information Centre (ICIC)
278 Camac Street

Calcutta 700 016

West Bengal, India

Centre for New and Renewvable Sources of Energy,
College of Engineering, Anna University
(CEWRESE/CEC/AU)

Cuindy

Madras 600 025, Indis

Centre for Studies in Decentrslized Industries
Vaikunthbhai Mehts Smarak Trust

WKM Incternstional House, 5th floor

178 Backbay Reclamation, Bosbay 20, Iadis

Centre of Energy Studies, Indian Inscitute of
Technology (I1IT)

Hauz Khas

New Delhi 110 016, Indis

K. P. Shroff and Associates
17 Bencoover Mansion

Wadia Street

Tardeo, Bowbay 400 034,
Indis

Solar Energy Interprises
17, Janvishram

B/Heah janand College
Ahmedabad 380 015,

India

Solar Energy Society of Gujarat

c/o V. A. Sarabhai

Community Science Centre

Gujarat University Campus
Navringpura, Ahmedsbad 380 009, India

Agency for the Assessment and Application of
Technology (Baden Pengkajian Dan Penerapsn
Teknologi — BPP TEEKNCLOGI)

Jin. Thawrin Mo. 8

Jakarta, Indonesias

Italian Commission for Resesrch and Development of
Nuclear and Alternative Energy Sources, Ministry of
Energy (Comitsto Mazionale per Ricerca e Sviluppo
Energis Muclesare e Energie Alterunstive, Ministero de
Energis - ENEA)

125 Viale Regina Margherita

I-00193 Roma, Italy

Solar Energy Center, Nationsl Council for Scientific
Research (Centre Sur l'Energie Solaire, Conseil
Mational de la Recherche Scientifique)

P.0. Box 11-8281

Beirut, Lebanon

University Commission for Mew Energies, University of
Madagascar (Delegation Universitaire Aux Energies
Mouvelles, Universite de Madagescar - DUEN)

B.P. 566

Ankatso

Antananarivo 101, Madagascar

Regional School Building Centre for Lstin America and
the Caribbesn (Centro Regional de Construcciones
Escolares Para America Latins y El Caribe - CONESCAL)
Apartado Postal 41-518 .

D.F. 11000, Mexico

Uuive;;ity of Niswey (Université de Niamey)
B.P.
Niamey, Niger

Mational Centre for Energy Research and Development,
University of MNigeria
Nsukks, MNigeria

Nigerian Institute of Plant Science and Solar Energy
Technology

149, Hospital Road

Aba

Imo State, Migeria

Directorate of Industrial Liaison, Pakistsan Council
of Scientific and IndustrislsResesrch, Ministry of
Science and Technology (PCSIR)

Press Centre, 2nd Floor

Shahare-e-Kamal Atgturk

Karachi-0109, Pskistan

Silicon Technology Development Centre (STDC)
H-15 Street &4

sector P-8/1

Islamabad, Pakistan

Institute for Technological and Industrial Research
snd for Technical Standsrds, Ministry of Industry
(Inscicuto de Investigscion Tecnologics Industrisl y
de Normas Tecnices Ministerio d'Industris - ITINTEC)
Apartado postal 145

Lims 100, Peru

Nationsl Documentstion Centre for Agriculture,
Forestry, and Rural Development, University of the
Philippines st Los Bafios (MADOCAFORD/UPLS)

UPLB Library College, Laguns 3720, Philippines

Migher Technical Institute, Technical University of
Lisbon (Inscituto Supsrior Teenico, Universidade
Tecnics de Lisbos)

Avenida Rovisco Pais, 1096 Lisbos Codex, Portugsl




Ceantre for Energy Research and Applications in
Rvanda, Mational University of Rwanda (Centre
d’Etudes et d'Applications de 1'Energie au Rvanda,
Universite Mationale du Rwands - CEAER/UMR)

Boite Postale 117

Butare, Rvanda

Electrical Industrial Research Association
(Asociacion de Investigacion Industrisl Electrica)
Francisco Gervas, 3

Madrid 20, Spasin

National Engineering Research and Development Centre
of Sri Lanka (NERD)

2P/178 1IDB Industrial Estate

Ekale

Ja~Ela, Sri Lanka

Faculty of Mechanical and Electrical Engineering,
University of Damascus

P.0. Box 86

Damascus, Syrian Arab Republic

Academic Resource Centre, Chulaloagkorn University
Phyathai Road
Bangkok, Thailand

Energy Technology Programme, King Mongkuts Imstitute
of Technology Thonbur: (KMITT)

Bangmod, Rasburana

Bangkok 10140, Thailand

School of Energy snd Materiasls, King Mongkuts
Institute of Technology Thomburi (KMITT)
Bangwod, Rasburana

Bangkok 10140, Thailand

G.M. Krzyzhanovski State Scieutific and Technical
Institute on Energetics, Ministry of Energetics snd
Electrification (ENIN)

Leninski pr. 19

Moscow 117098, Union of Soviet Socislist Repubiics

(Source: UNESCO, second edition, 1986,
"Internationsl Directory of New and Renewable Energy
Information Sources and Research Centres”)

LIST OF SOLAR-PHOTOVOLTAICS RESEARCH
INSTITUTES IN DEVELOPED COUNTRIES

Energy Information Centre, Department of Minerals and
Energy (E1C)

139 Flinders Street

Melbourne

Victoris 3000, Australia

Energy Information Centre, Energy Authority of
New South Wales

33 Playfair Street

The Rocks

Sydney 2000, Australia

Outlook Alternatives
RMB 9010

Wangsratts

Victoria 3678, Australia

Australisn Minersl Development Laboratories
(avpEL)

Tlemington Street

Frewville

S.A. 5063, Australia

Capricornis Institute of Advanced Lducstion
(ciaz)

Rockhampton

Queensland 4700, Australia

Commorweslth Scientific and Industrial Research
Organisstion (CSIRO)

Box 225, Dickson

A.C.T. 2602, Australia

- &3 -

Departaeat of Electrical and Electronic Engineering
University of Western Australia

Bedlands

W.A. 6009, Australia

Department of Mechanical Eangineerinmg
University of Queensland

St. Lucia

Queensland 4067, Australia

Department of Mechanical Eagineering
University of Westera Australia
Hedlands

W.A. 6009, Australia

Energy Research Development snd Information Ceatre
University of Mew South Wales

(ERDIC/UNSWY)

P.0. Box 1

Kensington

M.S.W. 2033, Australia

Energy Systems International Pry. Ltd (ESL)
P.0. Box 440
Canberra ACT 2601, Australia

Merz & Mclelland & Partners (o)
Bracon

47 Collin Street

West Perth

W.A. 6005, Australis

Mineral Chemistry Division, Commoowealth Scientific
and Industrisl Research Organization

P.0. Box 124

Port Melbourne

Victoria, Australia

Mineral Chemistry Research Unit, Murdoch University
South Street

Mardoch

W.A. 6150, Kustrslia

Plant Industry Division, Commoaweslth Scientific snd
Industrial Research Organizstion

(cs1ro0)

P.0. Box 1600

Canberra City

A.C.T. 2601, Australia

Solahart Interastionsl
112 Pilbara Street
Welshpool 6106
Western Austrslis

Solar Energy Resesrch Centre, University of
Queensland (SERC)

Stc. Lucia

Queensland 4067, Australia

Solar Energy Research Institute of Western Austrslia
(SERIWA)

13 Howard Strest

Perth, Western Austraslis 6000

Suntron Energy Co. Pty. Ltd
13 Belinds Crescent
Doncsster East

Vic. 3109, Austrslis

Victorian Solar Ensrgy Council (VSEC)
270 Flinders Strest
Melbourne 3000, Australis

Applied Technology for Developing Councries
(Asngepaste Technologie Ontwikkelingslenden - ATOL)
8lijde Inkomststrast, 9

B-3000 Leuven, Belgium

Centre Calilée
6 Place Calilés

B~1348 Louvain-La-Neuve, Belgiums




Dialogwe-Working Group for Social and Ecological
Sound Techmology, Dialogue Adult Educatioa
(Dialoog-Werkgroep Technologie, Dialoog Vormingswerk)
Bliijde Inkomststraat 109

B-3000 Leuven, Belgium

Energie Anders, Stichting Energie Anders-Holland
(Energie Anders V.Z.W., Stichting Eiergie
Anders-Holland)

Breughelstraat, 31-33

B8-2018 Antverpen, Belgium

Scientific and Techaical Centre for che Construction
Industry (Centre Scientifique et Techaique de la
Coastruction/Metenschappelijk en Techaisch Centrum
voor het Bouvbedrijf - CSTC/WTCE)

Rue du Lowbard &1

B-1000 Bruxelles, Belgium

Faculty of Applied Sciences, University of Louvain
(Faculté des Sciences Appliquées, Université
Catholique de Louvain)

Bitimeat Stevin

Place du Levant, 2

B-1348 Louvain-La-Neuve, Belgium

National Institute of the Extractive Industries
(Institut Nationsl des Industries
Extractives/Nationsal Instituut voor de
Extractiebedrijven - INIEX/MIER

200 vue du Chera

3-4000 Lidge, Belgium

Buclear Resesrch Centre, Ministry for Economic
Affairs (Centre d'Etude de 1'Energie Nucleaire,
Ministire des Affaires Economiques)

Boeretang, 200

8-2400 Mol, Belgium

8C Research, British Columbia Research Coumcil
3650 Wesbrook Mall
Vancouver, BC V6S 2L2, Canada

Biomass Eaergy lLostitute Inc. (BEI)
1329 Niskwa Road

Winnipeg, Manitoba R2J ITé,

Canads

Energy Information Centre, Canads Institute for
Szientific and Technical Informstion, Nstional
Resesrch Council Canads (CISTI/WRC)

Bldg. N-55

Montresl Rosd

Ottawa, ON K1A OS2,

Canada

Internacional Development Research Cencre (IDRC)
(Centre de Recherches pour le Developpement
Internstional - CORT}

P.0O. Box 8500

Otcava, ON KIC 3H9, Canadas

Solar and Wind Energy Research Program,
Alberts Resesrch Council (SWERP)
Terrace Inn Office Plaza, 5th Floor
&hh4S Colgery Trisl S.

Ldmonton, AB T6H 5R7, Cansds

Algernative snd Renewable Energy Group,
Ontario Ministry of Energy

56 Wellesley Street West

Toronto, ON MJA 287, Canads

Brace Research Institute,

MacDonald College of McGill University
Ste. Anne de Ballevue
Quebec HIX 1CO, Canada

Canadian EInergy Development Systems Internationsl
(ceps1)

1729 Bank Strest

Ottsva, Ontsrio K1V 725,

Cansda

Department of Chemistry, University of Westera Ountario
1151 Richmond Street
Londoa, Ountario W6A X7, Canada

Department of Physics, University of Waterloo
Waterloo, OM M2L 3Gl, Canada

Division of Energy Research and Development, National
Research Council Camada

Bldg. -350, Moatreal Road

Ottava, ON KIA OR6, Canszda

Energy Research Group, Carletom University
C. 1. Mackenwie Bldg., Room 218

Colonel By Drive

Ottawva, ON K1S 580, Canada

Matural Resources Institute, University of Mamitoba
Vionipeg, MB R3T 2M2, Canads

Norands Research Ceatre, Noranda Mimes Ltd.
(Centre de Recherche Morands)

240 Mywas Blvd.

Poiate Claire, PQ N3 1G5, Cavada

Oantario Research Foundation (ORF)
Sheridan Park Rescarch Cosmumity
Mississawga, ON L5K 133, Canasda

Renewable Energy Division, Esergy, Mimes and
Resources Canada (Department des Emergies
Renouvelables, Energie, Mines et Resources Cinads)
580 Booth Street

Octtawva, LB K1A OEA, Canads

Ryerson Energy Centre, Ryersom Polytechnical
Institute (REC)

350 Victoris Street

Toroanto, Ountaric M58 2K3, Csnada

Slovak Technical University (Slovensks Vysoks gkola
Techaicka)

Gottwvaldovo Nam 17

Bratislava 81243, Czechoslovakis

Roskilde University (Koskilde Universitetscenter -
RUC)

Inscitute 2

P.0. Box 260

DK~4000 Roskilde, Denmark

Technological Institute
Gregersenve j
PK~2630 Tasstrup, Denmark

Technical Informstion Service, Technical Research
Centre of Finland (Teknillinen
Informastiopalvelulaitos, Valtion Teknillinen
Tutkisuskeskus)

Vuorimichentie 5

SF-02150 Espoo 15 SUOMI, FPinland

French Solsr Energy Authority (Commissarist )
1'Caergie Solsire)

208 rue Raymond Losssrand

F-75014 Paris, France

Centre for Stulies and Informstion, French Insticute
of Energy (Cenctre d'Ltudes et d’information, Iascitut
Francais de 1'Energiec - IFE)

3 rue Henri Heine

7-75016 Paris, France

Resesrch and Technological Kxchange Group (Croupe de
Recherches et d'ichanges Techaologiques ~ GREY)

30 rue ds Charonne

7-75011 Paris, France

Scientific and Technicsl Documentstion Cencre,
National Centre for Scientific Resesrch (Cantre de
Documantation Scientifique et Technique, Centre
Nactionsl de la Necherche Scientifique ~ CDST/CNRS)
26 rue Boyer, 75971 Paris Cedex 20, France




SOMOVISION
12 rue de Reiams
F-94700 Maisons-Altfort, France

Divisioa of Material Scieaces, Uaiversity of Lyon
(Départment de Physique des Matérisux, Université de
Lyoa)

LA CuBS 172

43 Boulevard du 11 Kovember I918

F-6%622 Villeurbanae, Fraace

Elf-Aquitaine (Sociécé Mationale Elf-Aquitaine - SNEA)
7 rue Nelaton
F-715739 Paris Cedex 15, France

Reliophysics Laboracory, University of Provence
(Laboratoire d'Heliophysique, Université de Provence)
Centre de Saint-Jérdme

F-13397 Cedex & Marseille, Framce

Interdisciplinary Research Prograwe on Solar Energy
(Programme Interdisciplinaire de Recherche rnr le
Developpement de 1'Energie Selaire - PIRDES

282 Bd. Saimt Sermain

F-75700 Paris, France

Research Centre on Space Radiatioa, National Centre
for Scientific Research (Centre d’Etude Spatiale de
Rayoanements, Centre Nationsl de la Recherche
Scientifique - CESR/CERS)

B.P. 8346

F-31029 Toulouse, France

Roquette Laboratory (Laboratoire de la Roquette)
F-34190 Sc. Bauzille de Putois, irance

SEMA-Energy (SEMA-Energie)
16-18 vue Barbds
92126 Montrouge Cedex, France

Solarforce, Leroy Somer Engines (Solarforce, Moteurs
Leroy Somer)

Boulevard M. Leroy

16015 Angoulme Cedex, France

Solid State Physics Group, Universi.y Paris 7
(Croup de Physique des Solides, Université Paris 7)
2 Place Jussieu

F-75251 Paris Cedex 05, France

Solid State Physics Laborstory, Kational Centre for
Scientific Researck. Ministry of Industry and
Research (Laboratoire de Physique des Solides, Cencre
Nationsl de la Recherche 3cientifique, Ministdre de
1’ Industrie et de ls Recherche)

1 Place Aristide Briand

F-2190 Meudon, France

Germsn Appropriste Technology Exchange, G Agency
for Technical Co-operation (Deutsches Zentrum fuer
Entwicklungstechnologien, Deutsche Gesellschaft fuer
Technische Zussmmenscbeic, GIBR - GATE)

Postfach 5180

D-6236 Zschborn, Federsl Republ: - of Cersany

Volker von Sengbusch & Partner, Consorcium Svscems
Non-Conventional Energy from Cermany

Postfach 1260

Schloss Assumstadc

D-7108 Mockmiinl-Zuettlingen

Federal Republic of Cermsny

Battelle Institute, Battelle Memorial Inscitute
Postfach 90-01-60
6000 Frankfurt Main 90, Federsl Republic of Germany

Bavarisn Stste Resesrch Institute for Ceochemistry
(Bsyerisches Stastliches Forschungsinstitut fuer
Ceochemie)

Concordisstrasse 28

D~8600 Bawberg, Federal Republic of Cermany
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Bomin Solar Imc. (Bomin Solar GuBM - BS)
Industriestrasse 8-10
D~7850 Locracn, Federal Republic of Gerwmeny

Coansultaat Firm in Agriculture, Remevable Eneryy asnd
Emviroomeat Protection, Hsmmer Eagimeeriag
(Wirtschaft und InfrastrukCur Planusgsgesellschatc,
Hsumetr Eagimeering)

Sylvensteinstrasse 2

D-8000 Miachen, Federal Republic of Cermany

Dornier System

Postfach 1360

D-7990 Friedrichshafen,
Federsl Republic of Germsay

Federal Agency for Physics sad Techanics. Federal
Ministry of Economics (Physikalisch-Techaische
Bundessnstalt, Bundesministerium fiir Wirtschafc - PIB)
Bundesallee 100

0-3300 Braunschweig, Federal Republic of Germany

Fraunhofer-Institute for Systems and Innovation
Resesrch (Fraunhofer—Institut fir Systemtechaik und
Ianovationsforschung. Fraunhofer—Gesellschasft,
Minchen - ISI)

Breslaver Strasse 48

D-7500 Earlsruvhe 1, Federal Republic of Germany

German Aerospace Kesearch Establishment, Research
Dept. Energetics, Institute for Technical Physics
(Deutsche Forschungs— und Versuchsanstalt fur Lufc-
und Raumfohrt, Institut fir Techaische Physik -
DFVLR/ITP)

Pfaffenvaldring 38-40

D~7000 Stuttgart 80, Federal Republic of Germany

GCewiplan Ltd. (Cewiplan, Gesellschaft fir
Virtschaftsforderung und Marktplanuag MBH - Gewiplan)
Friedrich Ebert Anlage 38

D-6000 Frankfurt-am-Main, Federasl Republic of Germsny

Inscitute for Applied Physics, University of
Karlsruhe (lastitut fiir Angewandte Physik,
Universitit Karlsruhe)

Kaiserstrasse 12

D~7500 Ksrlsruhe 1, Federsl Republic of Germany

Institute for Electric Machines, Technical University
of Berlin (Institut fGr Elektrische Maschinen,
Technische Universitiic Berlin)

Einsteinufer 13-15

D-1000 Berlin 10, Federal Republic of GCermany

Institute for Energy Techmology TUV Mhzinland E. V.
(Institut fGr Energietechuik, TOV ’heinland E. V.)
Postfach 10 17 50

D-5000 K&ln L, Federsl Republic of Germany

Institute for Solar Technology, German Society for
Solsr Energy (Institut fir Solartechaik, Deutsche
Cesellschaft fiir Sonnenenergie)

Reitweg 1

D-5000 XSln 21, Federal Republic of Cermany

Institute for the Theory of Electricsl Engineering,
University of Stuttgart (Institut fuer Theorie der
Elekcrotechnik, Universitidt Scuctgart)
Pfaffenvaldring 47

D-7000 Stuttgart 80, Federal Republic of Cermany

IST Energy Technology Ltd. (IST Energietechnik
CHBH - 1ST)

Ritcerveg 1

D-7842 Ksndern~Wollbach, Federal Republic of Cermany

Laboratory of Energy Transformstion, Kiel Technical
Collags (Laborstorive Inergisumwendlung,
Fachhochschule Kiel)

Legienscrasse 35

D-2300 Kiel, Federal Repudblic of Germany
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Messerschmitt-Bolkov-Bloha Inc. (MBB)
Post fach 80 11 69
D-8000 Minchen 80, Federal Republic of Germany

Resesrch Institute for Imternstionsl Techaical and
Econowic Co-operation, Aachen Technical University
(Forschangsinstitut fir Internationale Technische und
Wirtschafzliche Zusammsenarbeit, Techaische Hochschule
Aschen)

Hearicistrasse 50

D-5100 Aachen, Federal Republic of Germany

Vacta Battery Inc. (Varta-Batterie AG - Varta)
Gundelhardcstrasse 72
D-6233 Kelkheim, Federal Republic of Germsny

Mational Technical Information Centre and Library
(Orszagos Miszaki Informacios Kozpont Es Konyvtér -
oMIKK)

P.0. Box 12

Reviczky u. 6

R-1428 Budspest, Hungary

Departwent of Optics and Electronics, Research
Institute for Technological Physi~cs, Hungarian
Academy of Sci (Magyar Tudomanyos Aksdemia)
Foti ut. 56

#-1047 3ulspest, Hungary

Committee for Scientific and Techmological
Information, Ministry of Energy and Infrastructure
(cosT1)

P.0O. Box 20125

Tel-Aviv 61201, Isrsel

Amcor Group Co. Ltd.
P.0. Box 2850
Tel-Aviv ZIP 60127, Israel

Depsrtment of Building Climatology, Building Research
Station, Technion-Israel Institute of Technology (TEC)
Rsifa 32000, Isrsel

Department of Electronics, Tel-Aviv University
Tel-Aviv 61390, Israel

Electronic Comunications Control and Cowmputer
Systems Department, Faculty of Engineering, Tel-Aviv
University

Ramst-Aviv

Tel-Aviv 69978, Isrsel

Energy Croup, Tel-Aviv Universicy
Ramst-Aviv
Tel-Aviv 61390, Israel

Energy Research Centre, Hebrew University of
Jerusalem (ERC/HU)

Merkaz Lecheker Enegis

Machlaks Lechimis Phisicalic

Rauniversits Haivrit

Jerusalem 91904, Israel

Faculty of Ar-hitecture snd Town Planning,
Technion-Israel Institute of Technology (TEC)
Qiryac Hatechnion

Haifs 32000, Israsel

Jacob Blaustein Desert Research ticute, Ben Curion
University of the Negev (JBIDR)

SEDL Boquer Campus 84990, Isra-l

Msterials Engineering Department, Tech .on-Israel
Institute of Technology (TEC)
Hgifa 32000, Isrsel

Mational Physics Laboratory of Israel
Hebrev University Campus

Dansiger Building

Jerusalem 91904, Israel

Ormat Turbines Ltd.
P.0. Box 63
Yavne 70651, Israel

Physics Department, Technioa-Isrsel Iastitute of
Technology (TEC)
Haifa 32000, Israel

Racah Institute of Physics, Hebrew University of
Jerusslems

Givat Ram

Jerusalem 91904, Israel

Standards Institution of Israel (SII)
42 Hauniversita Street

Ramat-Aviv

Tel-Aviv 69977, lsrael

Structural Chemistry Departuent, Weizmann Instituce
of Science (WIS)

P.O. Box 26

Rchovot 76100, Israel

Japan Information Centre of Science and Technology,
Science and Technology Agency (JICST)

C.F.0. Box 1478

Tokyo 100~91, Japsn

Japsn Power Association
Uchisaivai Bldg. 4-2, 1 chome
Chiyoda-ku

Tokyo 100, Japan

Overseas Electrical Industry Survey lustitute, Inc.
(OEISI)

Uchisaivai Bldg.

4-2, 1 Chome Uchisaivai-Cho

Chiyods~ku

Tokyo 100, Japsn

Central Research Institute, Electric Power Industry
(CrIEPI)

Ootemachi Bldg.

1-6-1 Uotemschi

Chiyoda~ku

Tokyo 100, Japan

Research Institute for Systems Technology (RIST)
5F, Villa Pencil, 1-7-1

Sarugakucho, Chiyodaku

Tokyo, Japsn

Solar Energy Laboratory, Sophia University
7-1, Kioi-cho

Chiyoda-ku

Tokye 102, Japan

Sunshine Project, Agency of Industrisl Science and
Techanology, Ministry of Internstional Trade and
Industry

Promotion Hesdqusrters

1-3-1 Kasumigsseki

Chiyoda=ku

Tokyo, Japsn

Tokyo Institute of Technology
2-12-1, 0-Okayams

NHeguro—ku

Tokyo, Japan

Energie Anders
Postbus 56
3150 Ab Hoek van Mollsnd, Netherlsnds

Multidisciplinary Energy Centre, Delft Universicy of
Technology (Multidisciplivair Energie Centtus,
Technische Rogeschool te Delftc)

Stevinweg 1

2628 CW Delft,

Netherlands




Royal Dutch Shell
The Hague, Netherlands

Technology and Development Group, Tweate University
of Technology (Vakgroep Ontwikkelingskunde,
Techrische Hogeschool Tueate)

Postbus 217

7500 AE Enschede, Netherlands

Solar Action
P.0. Box 6202
Auckland, New Zealand

Housing Corp. of New Zealand
P.0. Box 5009
Wellington, New Zealand

National Institute for Scientific and Techaical
Information (Institutul Mational de Informare Si
Documentare Stiintifica Si Technica)

Str. Coswmonautiler 27-29

Bucharest 1, Romania

Energy Research and Modernisation lastitute, Mationsl
Council for Science and Technology, Ministry of
Electric Energy (Institutul de Cercetari Si
Modernizari Energetice - Icemenerg)

Bd. Energeticienilor Sector 3

R-74568 Bucharest, Romania

Institute of Macromolecular Chemistry "Petru Poni”
Jassy, Central Institute of Chemistry, Ministry of
Chemical Industry (lastitutul de Chimie
Macromoleculara "Petru Ponm:™ IASI)

Alee a Grigore Ghica Voda Nr. &41A

R-6600 Jassy, Romania

Polytechnic Inscitute of Jassy (Institutul Politehnic
1ASI)

Spiai Bahlui 71

R-6000 Jassy, Romania

Centre for Energy Technology, Chalwers University of
Technology
$-412 96 Goteborg, Sweden

Energy Research Commission (Energiforskningsndmaden —
EFN)

P.0. Box 43020

$-100 72 Stockholm, Sweden

Lund Institute of Technology (Tekniska Hoegskolan I
Lund)

Department of Building Science

5-0007 Lund 7, Sweden

Federal Institute for Reactor Ressarch, Federsi
Technicsl University (Eidgendssisches Institut fir
Resktorforschung, Eidgendssische Technische
Hochschule ~ EIR)

CE-5303 Wiirenlingen, Switzerlsand

Information and Documentation Ceatre for Solar
Energy, Other Renevable Energy sSources and Energy
Conservation (Beratungs- und Dokumentationsstelle
fuer S gie und Andere Neue Energien und
Energiesparen - Infosolsr)

HTL Brugg-Windisch

Postfach 311

CH-5200 Brugg, Switzerland

Institute of Permanent Energy Sources (1PES)
Witikonerstr, 231
CH-8053 Zurich, Switzerland

Hesting snd Air Conditioning Division, Sulszer
Brothers Led. (Cebr. Sulzer AG)
CH-8401 Wintherthur, Switzerland
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Institute ot Energy Manag and E ics, Swiss
Federal lastitute for Technology in iausanne
(lasticut 4'E ie et A g ts Energetiques,
Ecor Polytechnique Federale de Laussane -

IEX  :2FL)

EPIL: *:ublens

CH-1015 Lausanne, Switzerland

Swiss Federal Institute for Techmology, Swiss Coumcil
for Schools (Eidgenoessische Technische Hochschule,
Schweizerischer Schulrat - ETH)

Rimistrasse 101

CH-8092 Zurich, Svitzerland

Industrisl Development Department, Tropical
Deveiop and R ch Institute, Foreign and
Commovwealth Office (TDRI)

127 Clerkenwell Road

Londoa EC1 R5DB

United Kingdom

Department of Engineering, Energy Research Croup,
University of Reading
Reading RG6 2AY

United Kingdom

Ensrgy Centre, Department of Chemical Engineering,
Mevcastle-upon-Tyne University
Mevcastleupon-Tyne MEL 70U

United Kingdom

Eaergy Resources Croup, Heriot-Watt University
Riccarton

Currie

Edinburgh

United Kingdom

Intermediate Technology Development Group Ltd. (ITDG)
9 King Street

London WC2E SHN

United Kingdom

International Institute for Environmeat and
Development (IIED)

10 Percy Street

London WI1P ODR

United Kingdom

Mewcastle Photovoltaics Application Centre,
Nevcastle-upon-Tyoe Polytechnic

Fllison Place

? swcastle-upon-Tyne NEL 8ST

Inited Kingdom

Pilkington Flat Glsss Ltd.
Prescot Road

St. Halens, Merseyside WALO 31T
United Kingdom

Sir William Halcrow and Partners
Burderop Park

Swindon, Wiltshire SNA 0QD
United Kingdom

Alabsms Solar Energy Center, University of Alsbsma in
Huntsville

Huntsville, AL 35899

United States of America

Alternste Energy Institute
P.0. Box 3100

Cstes Park, CO 80517
United Scates of Americs

Alternstive Sources of Inergy Inc. (ASE)
107 S. Centrsl Avenue

Milaca, MM 5635)

United States of Americs



Auburn University Lidraries
Auburp, AL 36849
United States of America

Battelle Columbus Laboratories, Battelle Memorial
Institute

505 King Avenue

Columbus, OH 43201

United States of America

Bouneville Power Administration (BPA)
P.0. Box 3621

Portland, OR 97208

United States of America

Center for Energy Policy and Research, New York
Institute of Technology (CEPR)

Old Westbury, NY 11568

United States of America

Chemical Abstracts Service,
American Chemical Society
(CAS/ACS)

P.0. Box 3012

Columbus, OH 43210

United States of America

Connecticut Energy Extension Service, Energy
Division, Comnecticut State Office of Policy and
Management

80 Washington Street

Rartford, CT 06115

United States of Americs

Conservation and Renewable Energy Inquiry and
Referral Service, Solar America Inc. (CAREIRS)
P.0. Box 8900

Silver Spring, MD 20907

United States of America

Data Reduction Center for Photovoltaics, Eagineering
Technology Applications, Boeing Computer Services
(DRC/BCS)

565 Andover Park West

Tukwila, WA 98188

United States of America

Division of State Energy, Wisconsin State Department
of Adwinistration

P.O. Box 7868

Madison, WI 53707

United States of America

Domestic Technoiogy Institute
P.O. Box 2043

Evergreen, CO 80419

United States of America

EIC/Intelligence, Inc.
48 West 38th Street

New York, NY 10018
United Ststes of America

Energy Conservation and Services Department,
Pacific Cas and Electric Co.

77 Beale Street

San Francisco, CA 94106

United Scates of Americs

Energy Office, Arizons Sctate Office of Economic
Planning and Development

Capital Tower - 5th floor

1700 W. Washington

Phoenix, AZ 85007

United States of Americs
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Energy Resources Center, U.S. Department of Energy
(ERC/DOE)

San Francisco Operstious Office

1330 Brosdway

Oakland, CA 95612

United States of America

Engineering Informatioa, Inc. (EI)
345 E. &7th Street

New York, NY 10017

United States of America

Engineering Library, University of Minnesota
Lind Hall, Room 128

207 Church Street, SE

Mionespolis, MM 55455

United States of America

Engineering Societies Library (ESL)
345 East 47th Street

New York, NY 10017

United States of America

Florida Solsr Energy Center, University of Central
Florids (FSEC)

300 State Road 401

Cape Canaveral, FL 32920

United States of America

Georgia Solar Coalition
?.0. Box 5506

Atlants, GA 30307
United States of America

Hawaii Energy Extension Service,
Hawaii State Departwent of Planning
and Economic Development

P.0. Box 2359

Homolulu, HI 96804

United States of America

Hawaii Natural Energy Institute,
University of Mawaii at Manos (MNEI)
2540 Dole St.

Homolulu, HI 96822

Uniced States of Americs

Information Services, Texas Stste Energy and Natural
Resources Advisory Council

ERS Building, Room 509

200 E. 18th Street

Austin, TX 78704

United States of America

K h E. Joh Eavir tsl .ud Energy Center,
University of Alsbams in Huntsville

Huntsville, AL 35899

United States of Americs

Lavrence Livermore Nstional Laboracory,
University of California at Livermore
P.O. Box 808

Livermore, CA 94550

United States of Americs

Lewis Research Center (LEWLS)
21000 Brookpark Rosd
Cleveland, OH 44135

United States of Americs

Los Alamos Nationsl Scientific Laboratory,
University of Cslifornia

P.0. Box 1663, N362

Los Alamos, W 87545

United States of Americas




Missouri Energy Extension Service, Division of
Energy, Missouri State Department of Matural Resources
P.0. Box 176

Jefferson City, MO 65102

United States of Americs

National Academy of Sciences (NAS)
2101 Constitution Ave.

Washington, DC 20418

United States of America

National Technical Informatiom Service
U.5. Department of Commerce (NTIS/DOC)
5285 Port Royal Road

Springfield, VA 22161

United States of America

New Mexico Solar Energy Institute, State of New Mexico
Box 3 SOL

Las Cruces, N 88001}

United States of America

Office of Scientific and Technical Information
U.S. Department of Energy (OSTI/DOE)

P.0. Box 62

Oak Ridge, TN 37831

United States of America

Portland General Electric Co. (PGE)
121 S.W. Salmon Street

Portland, OR 97204

United States of America

Pover Information Center, Interagency Advanced Pover
Croup, Franklin Research Center (PIC)

20th and Race Streets

Philadelphia, PA 19103

United States of America

Regionsl Energy/Environment Informstion Center,
Denver State Public Library (DPL)

1357 Broadway

Denver, CO 80203

United States of America

Renewable Energy Institucte (REI)
1516 King Street

Alexsndria, VA 22314

United States of America

Solar Energy Center, Department of Architecture
University of Oregon

Eugene, OR 97403

United States of America

Solar Energy Collection, Library, Arizona State
University

Tempe, AZ 85287

United States of America

South Dakots Energy Extension Service, South Dakota
State Energy Office

Capitol Building

Pierre, S.D. 57501

United States of Americs

Sun Tech Library sand Informition Center, Sun Co.
P.O. Box 1135

Marcus Hook, PA 19061

United States of America

Technical Information Service, American Instituce of
Aeronautics and Astronautics (AIAA)

555 W, 57cth Street

New York, NY 10019

United States of America

Tennesses Valley Authority (TVA)
400 West Summit Hill Drive
Knoxville, TN 37902

United Ststes of Americs
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United Energy Corp. (UEC)
420 Lincoln Center Drive
Foster City, CA 94404

United States of America

Virgin Islands Energy Office, Virgin Islands
Territory Governor's Executive Office

P.0. Box 2596

St. Thomas, U.S. V.I. 00801

United States of America

Volunteers in Technical Assistance (VITA)
1815 M. Lynn Street, Suite 200
Arlington, VA 22209

United States of Americs

Wyoming State Energy Conservation Office
320 West 25th Street

Cheyenne, WY 82002

United States of America

Acurex Solar Corp.

485 Clyde Avenue
Mountain View, CA 94042
United ftates of America

Advanced Energy Programs Department,
General Electric Co.

P.0. Box 8555

Philadelphia, PA 19101

United States of aAmerica

Advanced Products Depts. Corning Glass Co.
Corning, NY 14831
United States of America

Aerospace Corp.

?.0. Box 92957

Los Angeles, CA 90009
United States of America

Aerospace Systems, Inc. (ASI)
121 Middlesex Turmpike
Burlington, MA 01803

United States of America

Aerovironment Inc.

145 Vists Avenue
Pasadens, CA 91107
United States of Americs

Applied Physics L_boratory,
Johns Hopkins University
(APL/JHU)

Johns Hopkins Koad

Laurel, MD 20707

United States of America

Applied Science Laboratories, Gulf & Western
Industries, Inc.

335 Bear Hill Road

Walthams, MA 02154

Inited States of Americs

Applied Solsr Energy Corp. (ASEC)
P.0. Box 1212

Civy of Industry, CA 91749
United States of America

Asmy Corps of Engineers,
Department of the Arwy,

U.S. Depsrtment of Defense (DOD)
Office of the Chief of Engineers
20 Massachusetts Avenue, W
Washington, DC 20314

United States of Americs

AT & T Bell Laboracories
600 Mountsin Avenue
Murray Rill, NJ 07974
United States of Americs




Booz Allen & Hamilton, Inc.
245 Pack Avenye

New York, NY 10167

United States of America

Bureau of Reclamation, U.S. Department of the Interior
18th and C Streets, W

Washington, DC 20240

United States of America

Center for Energy Research, Texss Tech University
Lubbock, TX 79409
United States of America

Center for Energy Studies, Browm University
P.O. Box D

Providence, RI 02912

united States of America

Clesn Enecgy Research Institute, University of Miami
(CERI)

P.0. Box 25-8294

Coral Gables, FL 33124-8386

United States of America

Depsrtment of Chemical Engineering, Worth Carolina
State University

Raleigh, MC 27605

United States of Americs

Department of Chemistry, Clarkson University
Science Center

Potsdam, MY 13676

United States of America

Department of Chemistry, Universicty of Virgionia
Charlottesville, VA 22903
United States of America

Department of Electrical Engineering
Massachusetts Institute of Techmwology (MIT)
Room 13-3050

77 Massachusetts Avenue

Cambridge, MA 02139

United States of America

Department of Electrical Engineering, Virginia
Polytechnic Institute and State University
340 Whitcemore Hall

Blacksburg, VA 25061

United States of Americs

Depsrtment of Materisls Science and Engineering
Stanford Universicy

Stanford, CA 94305

United States of Americs

Department of Mechanical snd Aerospace Engineering
Arizons State University

Tewpe, AZ 85287

Uniced States of America

Department of Physics, University of Chicago
5630 S. Ellis Avenue

Chicago, IL 60637

United States of America

Department of Physice, University of Penniylvanis
209 8. 33rd $Street

Philadelphia, PA 19104

United States of Americs

DSET Ladboratories, Inc.
P,0. Box 1830

Phoenix, AZ 85029
Uniced States of America

LZdmonds Energy Msnagenent and Technology Program,
Edmonds Community College

20000 68ch Avenue, West

Lynnwood, WA 98036

United States of America
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Electric Power Systems Engineering Laboratory
Massachusetcs lastitute of Techonology (EPSEL/MIT)
10~-172

77 Massachusetts Avenue

Cambridge, MA 02139

United States of America

Electrical, Computer and Systems Engineering
Depsctmens, Rensselaer Polytechnic Institute (RPI)
Troy, NY 11181

United Scates of America

Energy and Enviroomeutsl Division, Acurex Corp.
P.0. Box 7535

Mountain View, CA %4039

United States of America

Energy and Resources Group, University of California
at Betkeley

Room 100, Building T-4

Berkeley, CA 94720

United States of America

Energy Center. SRI Internationsl
333 Ravensvood Avenue

Manlo Park, CA 94025

United States of America

Energy Center. Umiversity of Peunsylvania
3831 Walanut Street

Philadelphia, PA 19104

United States of Aserica

Energy Development Croup. TEW, Inc.
1 Space Park

Redondo Beach, CA 90278

United States of America

Energy Laboratory, Massachusetts [nstitute of
Technology (MIT)

Cambridge, MA 02139

United States of America

Engir ering Experiment Stacion, Ceorgis Inscitute of
Technology

202 Savant Building

Atlanta, GA 30332

United States of America

Engineering Research Institute, Iowa State University
106 Marston Hall

Ames, IA 50011

United Ststes of America

Eavironsental Systems Corp. (ESC)
200 Tech Ctr. Drive

Knoxville, TN 37912

United States of Americs

Gilbert/Commonveslch
P.0. Box 1498

Reading, PA 19603
United Scates of America

Grumssn Aerospace Corp.
Bethpage, MY 11714
United States of Americs

Grumman Energy Systes Co. Crummsn Allied
Industries, Inc.

445 Broadhollow Rosd

Melville, NY 11747

United Scates of Americs

GCuas Territorial Inergy Office,
Office of the Governor,
Trust Territory of the Pacific Islands

(CTR0)

P.0. Box 2950

Aganc

Cuar Al

Uni. - - es of Americs




Jet Propulsion Laboratory, California Institute of
Techaology (JPL/CIT)

4800 Oak Crove Drive

Pasadena, CA 91103

United Scates of America

Kaman Sciences Corp.

1500 Garden of the Gods Road
Colorado Springs, CO 80907
United States of America

Langley Research Center (LRC)
Mail Scop 139A

Hampton, VA 23665

United States of America

Lockheed Missiles & Space Co. Inc. Lockheed Corp.
1111 Lockheed Way

Sunnyvale, CA 94088

United States of America

Martin-Marietta Asrospsce, Martin-Marietta Corp.
6801 Rockledge Drive

Bethesds, MD 20817

United States of America

Mechanicsl and Industrial Engineering Department
Clarkson University

Potsdam, NY 13676

United States of America

Microelectronics Research and Development Center
Rockwell International Corp.

1049 Camino Dos Rios

Thousand Oaks, CA 91360

United Scates of America

Mississippi Energy Research Center, College of
Engineering, Mississippi State University

P.0. Drawer DE

Mississippi State, MS 39762

United States of America

Mobil Research and Deveiopwent Corp.
150 East 42nd Street

New York, NY 10017

United States of America

Mobil Solar Energy Corp.
16 Hickory Drive
Walcham, MA 02255
United States of Americs

National Associstion of Home Builders, Research
Foundstion (NAHB)

P.0. Bex 1677

Rockville, MD 20850

United Scates of Americs

Naval Civil Engineering Laboratory, Department of the

Navy, U.S. Department of Defense (DOD)
Port Hueneme, CA 93043
United States of Americs

Navsl Research Lsboratory, Department of the Navy
U.S. Department of Defense (NRL/DOD)

4555 Overlook Avenue, SW

Washington, DC 20375

United States of Americas

New York State Energy Research and Development
Authority (NYSERDA)

2 Rockefeller Plaza

Albany, WY 12223

United Scates of America

Osk Ridge National Laboratory, Martin-Marietta Corp.
(ornL)

P.0. Box X

Oak Ridge, TN 37831
United Scaces of /merics

_51-

Office of Energy Techoology Cooperatiom,
Sureau of Oceans and Iaternstionsl and
Scientific Affairs

U.S. Department of State

(OES/¥NTC/DS)

2201 C Street, W

Washington. DC 20520

United States of America

Office-of Technology A N
U.S. Congress (OTA)

Washingtoa, DC 20510

United States of America

Office of the High Commissioner, Trust Territory of
the Pacific Islsnds (TIPI)

Saipan, OMI 96950

United States of America

Pacific Northwest Laboratory, Battelle Memorial
Institute (PNL/BMI)

?.0. Box 999

Richland, WA 99352

United States of America

Photowatt Iaternscional, Imc.
2414 West lith Strest

Tempe, AZ 85281

United States of Americs

RCA Corp.
Princeton, MJ 08540
United States of America

Research and Engineering, Bechtel Group Inc.
50 Beale Street

San Francisco, CA 94105

United Scates of Americas

Research Corporation, American Institute of
Architects (AIA)

1735 New York Avenue, MW

Washiongton, DC 200L06

United States of Americs

Research Triangle Instituce (RTI)
P.0. Box 121%

Research Triangle Park, NC 27709
United States of America

Ssndis National Laboratories (SNL)
Albuquerque, WM 87.35
United States of America

School of Engineering and Applied Sciences
University of Califoraia st los Angeles (UCLA)
405 Hilgacrd Avenus

Los Angeles, CA 90024

United States of America

Solamat, Inc.

885 Waterman Avenue

East Province, R1 02914-1383
United States of America

Solar and Wind Energy Laboratory, Department of
Applied Science, New York University

26 Stuyvesant Street

New York, NY 10003

United States of Americs

Solar Dats Center, Trinity Universicy
Box 500

San Aatonio, TX 78284

United States of Americs

Solar Energy Projecc Laboratory,
Texas Instruments Inc.

P.0. Box 225303

Dallas, TX 75265

United States of Americs




Solar Energy Research Institute, Midwest Research
Institute (SERE/MRI)

1617 Cole Boulevard

Golden, CO 80401

United States of Americas

Solar Monitoring Laboratory. University of Uregon
(ca)

Physics Department

Eugene, OR 97403

United States of America

Solarex, Inc.

1335 Piccard Drive
Rockville, MD 20850
United States of America

Solavolt International
P.0. Box 2934

Phoenix, AZ 85062
United States of America

Spectrolab, Inc. Hughes Airerafc Co.
Sylmar, CA 91342
United States of America

Spire Corp.

Patriots Park

Bedford, MA 01730

United States of America

Sunpak Program. Owens Illinois, Iamc.
1 Seagate

Toledo, OH 43666

United States of America

Technology Strategy Center, Honeywell, Inc.
1700 W. Rwy. 36

Roseville, MN 55113

United States of America

Varian Associates, Inc.
611 Hansen Way

Palo Alto, CA 94303
United Stactes of America

Westinghouse Electric Corp.
1310 Beulah Road
Pittsburgh, PA 15235
United States of America

Windworks Inc.

P.0. Box 44A

Mukwonago, W1 53149
United States of America

Worldwatch Institute

1776 Massachusects Avenue, NW
Washington, DC 20036

United States of America

Alsbama Solar Energy Association, American Solar
Energy Society Inc., U.S, Section of ISES
University of Alabara

Research Instcitute, Annex D

Huntsville, AL 35899

United States of Americs

American Solsr Energy Society Inc., U.5. Section of
ISES, International Solar Energy Society (ASES/ISES)
1230 Grandview Avenue

Boulder, CO 80302

United States of Amer.ca

Arizona Solsr Energy Association, American Solar
Energy Sociaty Inc., U.S. Saction of ISES (ASEA/ASES)
P.0. Box 25396

Phoenix, AZ 85002

United States of America
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Eastern New York Solar Energy Association

American Solar Energy Society Inc., U.S. Section of
ISES (ASES)

P.0. Box 5181

Albany, NY 122u5

United States of america

Florida Solar Energy Association, American Solar
Energy Society Inc., U.S. Section of IStS (aSES)
P.0. Box 248271

Coral Ga'ies, FL 33124

United states of America

Georgia Solar Eaergy Association, lnc., American
Solar Energy Society Inc., U.S. Section of ISES (ASES)
P.O. Box 32748

Atlanta, GA 30332

United States of America

Illinois Solar Energy Association, American Solar
Energy Society Inc., U.S. Section of ISES (ASES)
P.0. Box 1592

Aurora, IL 60507

United States of America

Metropolitan New York Solar Emergy Society, American
Solar Energy Society Inc., U.S. Section of ISES (ASES)
P.0. Box 2147

Grand Central Station

New York, NY 10163

United States of America

Mississippi Solar Energy Association, American Solar
Energy Society Inc., U.S. Section of ISES (ASES)
225 west Lampkin Rd.

Starkville, MS 39759

United States of America

Nebraska Solar Energy Society, American Solar Energy
Society Inc., U.S. Section of ISES (ASES)

c/o Department of Electronics Technology

University of Nebraska

60th and Dodge Sts.

Omaha, NE 68182

United States of America

New England Solar Energy Association, American Solar
Energy Society Inc., U.S. Section of ISES (ASES)
P.0. Box 541

Brattleboro, VI 05301

United States of America

New Mexico Solar Energy Association, American Solar
Energy Society Inc., U.S. Section of ISES (NMSEA/ASES)
P.0. Box 2004

Sante Fe, ¥M 87501

United States of America

North Carolina Solar Energy Association, American
Solar Energy Society Inc., U.S. Section of ISES (ASES)
390’ Barrett Dr. ’

Raleigh, NC 27609

United sStates of America

Ohio Solar Energy Association,
Americen Solar Energy Society Inc.,
U.S. Section of ISES (ASES)

c/o Cary Walker

917 W. Boyd

Norman, OH 73069

United States of America

Oklahoms Solar Energy Associstion,
Anerican Solar Energy Society Inc.,
U.8. Section of ISES (ASES)

c/o Solsr Lnergy Lsborstory
University of Tulea

Tulsa, OK 74104

United States of America




Photovoltaic Lastitute of Amevica
IL10 Sixth Street, MW
Washington, DC 20001

United States of America

Solat Energy Resource Association of Wisconsin
American Solar Energy Society lac., U.S. Sectiom of
ISES (ASES)

325 University Ave.

Madison, WI 53703

United Staces of America

Virginia Solar Energy Association, American Solar
Energy Society Inc., U.S. Section of ISES

2526 Brandon Avenue, S

Roancke, VA 24015

United States of America

Centre for Urban Technology (Centar za Urbanu
Tehnologiju - CUT)

Sava Centar

ul. Milentija Popovica 9

11070 Beograd, Yugoslavia

Materials Research and Electronics Department

Rud jer Boskovic Institute (Istrazivanje Materijala I
Elektronika Institut Rudjer Boskovic)

Bijenicka 54

41000 Zagreb, Croatia, Yugoslavia

Boris Kidric Institute of Nuclear Sciences (Institut
za nuklearne Nauke "Boris Kidric" - IBK Vincha)

P.O. Box 522 -

11000 Belgrade, Yugoslavia

Department of Engineering. University of Skopje
(Univerziteta U Skopje)

Bulevar Krs:e Misirkov B.B.

9100 Skopje, Yugoslavia

Development Department, Electron Tubes Factory
18000 Nis Veljka Vlshovica 82-84
Electronska Industrija Nis OOUR-RC, Yugoslavia

Energoprojekt-Consulting and Engineering Co.
(Energoprojekt, Ro Projectovanje)

Zeleni Venac 18

11000 Belgrade, Yugoslavia

Faculty of Electrical Engineering, Edvarda Kardelj
University of Ljubljana (Fakulteta Za Elektrotehniko,
Univerza Edvarda Kardelja V Ljubljani)

Trzaska 25

Ljubljana, Yugoslavia

Faculty of Electrical Engineering, University of
Belgrade (Elektrotehnicki Fakultet. Univerziter U
Beogradu)

Bulevar Revolucije 73

11000 Beograd, Yugoslavis

Faculty of Physics, University 'Kiril I Mectodij'
(Fakultet Z2a Fizika, Kiril I Metodij Univerzitet)

Gazibaba BB
91000 Skopje, Yugoslavia

Federsl Commictee for Energy and Industry, Commission
for Coordination and Programme Orientation of
Development of Nev and Renewable Energy Sources
(Savezni Komitet Zs Energectiku I Industriju - SKEI)
Bulevar Avnoj-s 104

11070 Novi Beograd, Yugoslavis

Institute of Electro-Economy
Prol. Brigads 37
4100 Zagred, Yugoslavia

Institute of Industrial Zconomics

M. Tita 16
11000 Belgrade, Yugoslavis
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Insticute of Research into Pure Science Applications,
Faculty of Technical Sciences, University of Novi 3ad
(Eaucno—-Obrazovni Iastitut Za Primenjene Jsnovoe
Discipline, Fakultet Tehnickih Mauvka, Univerzitet U
Novom Sadu)

21000 Novi Sad

V. Vlahovica br. 3, Yugoslavia

LIST OF SOLAR MATERIALS RESEARCH INSTITUTES
IN DEVELOPED COUNTRIES

Appropriate Technology Sectiomn, Faculty of
Engineering, University of Melbourune
Parkville

Victoria 3052, Australia

Australian Mineral Development Lsboratories
(AMDEL)

Flesington Street

Frewville

S.A. 5063, Australia

Australian Solar Ponds
P.0. Box 8%
Alice Springs NT 5750, Australia

Commonwealth Scientific and Industrial Research
Organization (CSIRO)

BSox 225

Dickson

A.C.T. 2602, Australia

Solar Energy Research Institute of Western Australia
(SERIWA)

13} Howard Streec

Perth, Western Australia 6000

National Institute of the Extractive Industries
(Institut Mational des Industries
Extractives/Nationasl Instituut voor de
Extractiebedrijven - INIEX/NIER

200 rue du Chera

B-4000 Lidge, Belgium

Nuclear Research Ceatre, Ministry for Econowic
Affairs (Centre d'Ecude de 1'Energie Nucleaire,
Ministere des Affsires Economiques)

Boeretang, 200

B-2400 Mol, Belgium

Canadian Housing Information Centre,
Canads Mortgage and Housing Corp.
(CHIC)

Annex Building, Ground Floor
Montreal Road

Ottawva, ON KIA OP6, Canada

Brace Research Lnstitute,

MacDonald College of McGill University
Ste. Anne de Bellevue

Quebec H9X 1C0, Canadas

Ontario Research Foundation (OKF)
Sheridan Park Resesrch Commuaity
Mississaugs, ON L5K 183, Canadas

Watershed Energy Systems Ltd.
(WATERSHED)

97 Six Points Road

Toronto, ON M82 2X3, Canade

Canadian Solar Industries Associstion, Inc.
67A Sparks Strest
Ottawa, ON K1P 5AS5, Censds

Slovak Technical University
{$lovensks Vysoks ¥xols Technicka)
Gottwaldovo Nam 17

Bratislava 81243,

Czechoslovakis



Danish National Centre for Building Documentation
(Byggeriets Studiearkiv, Kunstakademiets
Arkicektskole - BSA)

Peder Skramsgade 2D

DK-1054 Kgbenhava K, Deamark

Thermal Insulation Laboratory, Technical University
of Denmark (Laboratoriet for Varmeisolering - LFV)
Building 118, 100 Lundtofteuej

2800 Lyngby

PKR-C hagen, D rk

4 8

Atomic Energy Agency (Commissariat a 1'Enecrgie
Atomique - CEA - IRDL/IVI)

31733 rue de la Fédération

F-75015 Paris, France

Division of Material Sciences, University of Lyon
(Départment de Physique des Matérisux, Université de
Lyon)

LA CNARS 172

43 Boulevard du 11 November 1918

F-69622 Villeurbanne, France

Augsburg-Nurnberg Engine Works Corporation New
Technology (Maschinenfabrik Augsburg-Nurnberg

Aktiengesellschaft Neue Technologie)

Post fach 500620

D-8000 Minchen 50, Federal Republic of Germany

Bomin Solar Inc. (Bomin Solar GMBH - BS)
Industriestrasse 8-10
D-7850 Lorrach, Federal Republic of Germany

Federal Agency for Physics and Technics. Federal
Ministry of Economics (Physikalisch~Techmrische
Bundesanstalr, Bundesministerium fir Wirtschafr - PTB)
Bundesallee 100

D=-3300 Brauaschweig, Federal Republic of Germany

Institute for Energy Technology, TUV Rheinland E. V.
(Institut fiir Energiecechnik, TUV Rheinland E. V.)
Poscfach 10 17 50

D-5000 Kdln I, Federal Republic of Germany

Institute for Physical Electronics, University of
Stuttgart (Institet fir Physikalische Elektronik,
Universitat Stuttgart)

Pfaffenwaldring &7
D-7000 Stuctgart 80, Federal Republic of Germany

Institute for the Theory of Electrical Eagineering,
University of Stuttgart (Institut fuer Theorie der
Elektrotechnik, Universitit Sturtgart)

Pfaffenvaldring 47
D-7000 Stuttgart B0, Federal Republic of Cermany

Institute for Turbomachinery, University of Hanover
(Institut Ffir Stromungsmaschinen, Universitsc
Hannover)

Apellstrasse 9

D-3000 Ranunover, Federal Republic of Cermsny

Wiirzburg Technical College (FPachhochschule Wirzburg)
Roncgenring 8
D-8700 Wirzburg, Federal Republic of Cermany

Amcor Grzoup Co. Ltd.
P.0. Box 2850
Tel-Aviv Z2IP 60127, Lsrasel

Department of Building Climstology, Building Research
Scation, Technion-Israel Institute of Techanlogy (TEC)
Haifs 32000, Israel

Inscitutes for Applied Resasrch,

Ben Curion Universicy of che Negev (IAR/BCUN)
?.0. Box 1025

Ha'Shalom Strest

Beer-Shevs 84110, Israel
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Koor Metals Ltd. (Koor Matechet Baam)
P.0. Box 300
Holon 58102, Israel

Scientific Research Foundation, Hebrew University of
Jerusalea (SRF)

P.O. Box 3745

Jerusalem 91036, Israel

Structural Chemistry Departmeant, Weirmaan Iastitute
of Science (WIS)

P.0. Box 2o

Rchovor 76100, Israel

Central Research Institute, Electric Power Industry
(CRIEPI)

Ootemachi Bldg.

1-6-1 Ootemachi

Chiyoda-ku

Tokyo 100, Japan

Departpent of Engineering Science, Kyoto Uaiversity
Kyoto 606, Japan

Matsushits Research Institute Tokyo, Inc., Matsushita
Electric Industrial Co. Ltd. (MRIT)

3-10-1 Higashimits Tamsku

Kawasaki City 214, Japan

Misava Homes Institute for Research and Development
(MHSK)

2-4-5 Takaido-Higashi

Suginami-ku

Tokyo 168, Japan

Solsr Research Laboratory, Government Industrial
Resear~h Institute of Nagoya (GIRIN)

1 Hirate-cho

Kita-ku

Nagoya 462, Japan

Energie Anders
Pcstbus 56
3150 Ab Hoek van Holland, Netherlancs

Multidisciplinary Energy Cemtre, Delft Universicy of
Technology (Multidisciplinair Energie Centrums,
Technische Hogeschool te Delft)

Stevinweg 1

2628 CN Delft, Netherlands

Netherlands Centrsl Organization for Applied
Scientific Research (Mederisndse Centrale Organisstie
Voor Toegepastnstuurvetenschappeluk Onderzoek ~ TNO)
Juliana van Stolberglaan 148

2595 CL's Gravenhage, Netherlands

Philips Energy Systems, Philips International BV
P.0. Box 218
5600 MD Eindhoven, Netherlands

Lincoln College, University of Csncerbury
Canterbury, Mev Zealand

Energy Research snd Modernisation Institute, Wationsl
Council for $cience and Technology, Ministry of
Electric Energy (Institutul de Cercetari Si
Modernisari Energetice - Icemanerg)

Bd. Energesticienilor Ssctor 3

R-74568 Buchsrest, Romsnis

Netional Tescing Institute (Statens Provhingsenscalc)
P.0. Box 857
$-50115 Boras, Sweden

Energy Equipment Testing Sexvice, Depsrtment of
Nechanicsl Engineering snd Energy Studies, University
College

Newport Road

Cardiff CF2 1TA, United Kingdow




Energy Research Group, The Opea University
Walton Hall

Milton Keynes

Bucks NK? 6AA

United Kingdom

Newcastle Photovoltaics Application Centre,
Newcastle-upon-Tyne Polytechaic

Ellison Place

Newcastle-upon-Tyae NE1 8ST

United Kingdom

Eagiueering Library, University of Minmesota
Lind Hall, Room 128

207 Church Street, SE

Nimneapolis, MM 55455

United States of America

Acurex Solar Corp.

485 Clyde Avenue
Mountain View, CA 94042
Uniked States of America

Altas Corporation

308 Eacinal Street
Santa Cruz, CA 95060
Urited States of America

Center for Building Techanology, Mational Bureau of

Standards, U.S. Department of Commerce (NBS/DOC)
Building 226, Roow 3320

Gaithersburg, MD 20899

United States of America

Center for Energy Studies, Brown University
P.O. Box D

Providence, RI 02912

United States of America

Department of Chemistry, Clarkson University
Science Center

Potsdam, NY 13676

United States of America

DSET Laborstories, Inc.
P.0. Box 1850

Phoenix, AZ 85029
United States of America

Energy and Environmental Division, Acurex Corp.
P.0. Box 7555

Mountsin View, CA 94019

United States of Americs

Energy Laboratory, University of Houston
4800 Calhoun Street

Houston, TX 77004

United States of America

Energy Resources Buresu, Idaho Stste Departmert of

Water Resources

State House

Boise, ID 83720

Uniced States of Americs

Exxon Research and Engineering Co.
Clintor Towmship, Route 22 East
Annandale, NJ 08801

United States of Amecics

Grumman Energy System Co. Grumman
Allied Industries, Inc.

645 Brosdhollow Road

Melville, WY 11747

United States of Americs

Resaarch Institute, University of Dayton
300 College Park Avenus

Dayton, OH 65469

United Staces of Americe
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Sandia Mational Laboratories/Livermore (Siil)
P.0. Box 96%

Livermore, Ca 94550

United Scates of America

School of Enginsering and Applied Sciences
University of California at Los Angeles (UCLA)
A05 Hilgard Avenue

Los Angeles, CA 90024

United States of America

Technologicsl Institute,
Northwestern University
2145 Sheridsa Rosd
Evanston, IL 60201
United States of America

Hydrogen Energy Industrial Association (HEIA)
c/o Billings Corporation

18600 East 37th Street Terrasce

Independence, MO 64057

United States of America

Materisls Research and Electronics Department Rudjer
Boskovic Iastitute (Istrazivasje Materijaslas I
Elektronika Institut Rudjer Boskovic)

Bijenicka 54

41000 Zsgreb, Crostia,

Yugoslavia

(Source: UMESCO, Second editiom, 1986,
“International Directory of Mev and Renevable Energy
Information Sources snd Research Centres™)

PUBLICATIONS

High-Efficiency Multiple Bandgap Solsr Cell Research,
L. D. Parcain, L. M. Fraas, P. 5. Mcleod, J. A. Cape,

Chevron Resesrch Co., Richmond, Calif. 50 p.,
AD-A170 965/8/WDE. (Available from Mstionsl Techmical
Information Sexrvice, 5285 Port Royal Road,
Springfield, Vs. 22161, USA)

Proceedings of MELECON ‘85 Mediterranean Electro-
technicsl Conference, Madrid, Spain,

8-10 October, 1985, Vol. &, Solar Energy,

Antonio Luque, A. R. Ciguerias-Vadal, D. Nobill,
Institute of Electrical and Electronic Enzineers
Inc., Mew York, H.Y., 239 p., are availsble as
AD-AL71 105/0 from Elsevier Science Publishing Co.
Inc., 52 Vanderbilt Ave., Newv York, M.Y. 10017.

The following two publications are available
from American Solar Energy Socisty, 2030 l7th Sc.,
Boulder, Colo. B80302:

Annusl Meeting of the American Section of the
International Solar Energy Society Procesdings, 198,
Boulder, Colo., K. W. Bosr, Gregory Frants,

B. H. Clann, st. al., 541 p. 350 figs.

Eleventh Passive Solar Conference Proceedings, 1986,
ulder, 0., 3I7 p-

LN

Research on Single-Crystal CdTe Solar Cells, Annual

Subcontract Report, | February 19835 -

T February “l!. J. M. Borrego, $. K. Ghandhi,
Rensselser Polytechnic Institute, Troy, M.Y., 17 p.,
DEB6010719/wWDE.

Les Cenerateurs Solaires Photovoitsiques: Du
Satellite B 1s Scation Spacisle (Photovoltaic Solar
Cenerators: Vrom Sacellites to s Space Station),
M. A. Zilisni, Socicte Nationale lnduectrieile .
Asorospatiale, Cannes la Boccs, France, 21 p., cext
in French, N86~31993/6¢/WDK.




High-Temperature site Thermal Energy Storage for
Solar Applications, Drafr Final Report, E. T. Oag,

R. J. Perri, D. S. Ericksoen, lInstitute of Gas
Technology, Chicago, Ill., 59 p., DES6O14161/WDE.

Potential High-Efficiency Solar Cells: Applications
from Space Photovoltaic Research, D. J. Flood,
Wational Aeronautics and Space Administration Levis
Research Center, Cleveland, Ohio, 15 p.,
u86~32627/9/wWDE.

Photovoltaic System Design Assistance Ceater, Program

Description, J. W. Stevens, G. J. Joaes, il. M. Post,
M. C. Thomas, Sandia National Laboratories,
Albuquerque, N.M., 15 p., DES6013669/WDE.

Photovoltaic Membrane (PVM) Roof System,
Second-Quarter Technical Progress Report, 1986,
T. F. Francovitch, Single-Ply Institute of America
Inc., Pasadena, Md., 21 p., DEB6013244/WDE.

Materials Issues in Amorphous Semiconductor
Technology. Proceedings of a symposium held last
April as part of the Materials Research Society
Spring Meeting in Palo Alto, Calif., presents
controversisl issues regarding the electronic
structure of hydrogenated amorphous silicoa

(a-Si:H). Progress was reported in several areas of
device technology, especially in incressing solar
cell efficiency, in understanding a-Si interfaces and
in developing flat-panel displasys. The 107 papers
cover the topics of solar cells, growth and structure
of 2-Si alloys, electronic structure and defects in
a-Si:R and related alloys, photo-inducted defects,
a-Si-Ge and 3-Si-C slloys, interfaces, superlattices,
thin-film transistors and displays, photoreceptors
and image sensors, snd optical dsta storage.
Available in & 700-page book from MRS, 9800 McKnight
Rd., Ste. 327, Pittsburgh, Ps. 15237, USA.

Heteroepitaxy on Silicon. Proceedings of the first
symposium of its kind devoted to the subject, has
been published by the Materials Research Society.
The sywposium, an international forum for this
emerging, rapidly developing technology, was held
last April as part of the MRS Spring Meeting in
Palo Alto, Calif. The 29 papers are divided iato
topics on growth of gallium-arsenide on silicon,
properties of GaAs on Si, heterostruciui.s of
semiconductors snd insulators on Si, device
properties of CaAs on Si and heterostructures of
semiconductors and metals on Si. Copies of the
273-page hardbound book, edited by J. C. C, Fan and
J. H. Poate, are availagble from Publications
Depsrtment, Materials Research Society, 9800 McKnight
Rd., Ste. 327, Pittsburgh, Pa. 15237, USA.

Low-energy hydrogen ion implants can help crystalline
silicon PV

Low-energy hydrogen ion implants in the
fabrication of high-efficiency crystalline silicon
solar cells can result in hydrogen-caused effects in
the emitter, space charge region and bsse of a solar
cell, researchers at the Pennsylvania State

University say.

University Park, Pa., scientists S. J. Fonash,
R. Singh and X. C. Mu note that in web, Cz and ¥z
materisl, low-energy hydrogen ion implantation can
reduce surface recombination velocity. They note
that in these materiale, the isplants were found to
passivate space charge region recombinstion centers.
In veb cells, hydzogen implants also passivated the
base region. However, similar improvement was not
seen in the base region of Cz or Pz cells.
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Copies of the 60—-psge report, “Use of Low-Energy
fon Isplants in High-Efficiency Crystslline Silicon
Solar Cells, Final Report,” DES6012364/WDE are
available from the Matiocnal Technical luforwation
Secvice, 5285 Port Royal Rd., Springfield, Va. 22161,
USA.

Devel of a CdSe thin film solar cell by

E. Rickus, Commission of the Europesr Communities,
Brussels, 1985, 64 p.

Holographic thin film systems for multijunction solar
cells by W. K. Bloss, Commission of tne European
Comsunities, Brussels, 1985, 50 p.

Production of solar cells on the basis of low cost
silicon by application of :omn implantation and
light—induced transient heating by A. N. Larsen,
L. D. Nielsen, Commission of the European
Communities, Brussels, 1985, 82 p.

Investigation on ion implantation as a technique
suitable to fabrizate high efficiency silicon solar
cells, pt. 2, Ion implasuted, laser snnealed cell by
G. Soacini, F. Zignani, Commission of the European
C ities, 1 g, 1984, 81 p.

Solsr cells for photovoltaic generation of
elec:ncxty, waterials, devices and applications by
M. Sittig, Noyes Data Corporation, Park lxdge, N.J.,
1979, 350 p.

Integrated thin film solar cell generators with
higher output voliages by W. H. Bloss, H. Hevig,
Commission of the European Communities, Brussels,
1982, 57 p.

Conversion and chemical storage of solar energy im a
photoelectrochemical cell by G. Lepoutre,

H. C. Richoux, M. De Backer, Commission of the
European Communities, Brussels, 1981.

Alternative thin fils solar cells by H. Pauwels,
Commission of the European Comounities, Brussels,
1982

Energie electrique et radiation solaire;
possibilicies d'application de cellules
photo-voltalques dans les regions en voie de
divelop . by 1 , Atol, 1981, 73 p.

Solar cells, Institution of Electrical Engineers,
Tondon, 1978, 95 p.

Solar cells, edited by Charles C. Backus, New York,
Tnstitute of Electrical snd Electronics Engineers,
1976, 504 p.

GAAS - (GAAL) as solar cells to be used under
concentrated solar light conditions, Commission of
the European Communities, Brussels, 1980, 29 p.

Directory of UK renewable energy suppliers and
services; solar, wind, wave, biogas, biomass,
small-scale hydro, geothermal, tidal; inmcluding
energy recovery, University College, Cardiff.
Formerly titled: Directory of UK suppliers and
supplies in renewable energy, English,
Nonconventional energy sources/United
Kingdom/Directories 1986.

Directory of solar energy research projects in Indis,
Tats Enesrgy Ressarch Institute, dl’. 378,

Solar Dirsctory, edited by Carolyn Pesko, Ana Arbor,
Wich., Ann Arbor Science, 1975.




PAST EVENTS AND FUTURE MEETINGS

1986

15 Nov. Passive Solar Adobe Comstruction Workshop
and Solar Home Tour, Albuquerque,
New Mexico, USA (Mew Mexico Solar Energy
Institute, Box JSOL, Las Cruces,
N.M. 88003, USA)

9-11 Dec. Photovoltaic System Design
Cape Canaveral, Florida (Florida Solar
Energy Center, )00 Scate Road 401, Cape
Canaveral, Fla. 32920, USA)

1987

16-17 Jan. Seri Photovoltaics Safety Conference,
Lakewood, Co. :'SA (Solar Energy Research
Inst., Golden, Co. USA)

28-30 Jan. International Conference on Stability of
Amorphous Silicon Alloy Materials and
Devices, Palo Alto, Californis. (Solsr
Energy Research Iestitute,
1617 Cole Blvd. Golden, Co. 80401-3393)

22-26 March Solar Energy Conferemce, Honolulu, HI
(American Society of Mechanical
Engineers, ASME Meetings Dept.,
345 E. 47th St., New York, N.Y.10017)

&-8 May 19th Ianstitute of Electrical and
Electronic Eangineers Photovoltaic
Specialists Conferences, New Orleans, La.
(Solar Energy Research Institute,

1617 Cole Blvd. Colden, Co. 80401-3393)

8-10 May SOLARMART: Indian Trade Mart for Solar
Energy Products, New Delhi (Taj Trade and
Technology Exchange, Sales and Marketing,
Indian Hotels Co. Ltd., Majal Hotel,
Apollo Bunder, Bowbay 400039, India)

25-29 May Alternative Energy Sources, Dubrovuik,
Yugoslavia (Inter-University Centre of
Postgraduate Studies, Frana Bulica &,
YU-5000 Dubrovnik, Yugoslavia)

1-6 June Fifth Annual Renewable Energy
Technologies Symposium and International
Exposition/International Power Exhibition
Conference (RETSIE/IPEC 87)

1-6 June New Materials Expo '87, Beijing, People's
Republic of China (Chins Int. Convention
Service Ltd., Harbour Crystal Centre,
Suite 602, Tsimshatsui East, Kowloon,
Hong Kong)

2-5 June Heeting of the Europesn Materisls
Research Society, Strasbourg, France (MRS
Zurope ‘87, Centre de Recherches
Nuclesires, Laborazoire PHASZ 67037
Strasbourg Cedex, Frasance)

2-5 June The Materisls Eaginesring Exhibition,
Olympis, London (Evan Steadman Services
Ltd., The Hub, Emson Close, Saffron
Walden, EZssex CB1O 1RL, UK)

10-12 June Fourth Internationsl Alueinium-lithium
Conference, Paris, France (Socideé
Frangais de Métallurgie)

14-18 June International Symposium-Workshop on
Silicon Technology Development and its
role in the sun belt countries.
Pearl-Continentsl Hotel, Revalpindi,
Pakistan.
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12-17

16-17

15-16

20-25

27-30

29-30

12-14

16-21

18-20

24-27

25-27

July

July

July

July

July

July

Aug.

Aug.

Aug .

Aug.

Aug.

American Solar Energy Society 1987 Anaual
Meeting, Portland, Ore. (American Soler
Eaergy Society, 2030 17th Street,
Boulder, Co. 80302)

IPREX "87,. The first Malaysian
International Plastics sad Eubber
Exhibition at the Putra Norld Trade
Centre in Kuala Luspur. (Sponsored
jointly by the Plastics and Rubber Insct.
of Malaysia (PRIM) and the Rubber
Research Inst. of Malaysia (RRIM).

PRIM is also orgamizing: Developmeats in
the Plastics and Rubber Products
Industries; International Coaference.
(ISE Management Sdn Bhd,

3A Jalan SS 24/8, Taman Megsh,

47301 Petaling Jays, Selsngor, Malaysia,
TX: 37204 AKMISE MA)

Sixth International Conference om
Comnosite Materials and Second European
Conference on Cowmposite Materisls,
London, UK. (F.L. Matthews, ICOM-VI
Director, Centre for Composite Materials,
Imperial College of Science and
Technology, Prince Consort Road,

London SW7 2BY, UX)

Fourth Internacrionsal Conference on
Composite Structures, Paisley College of
Techonology, Paisley, Scotland.
(Conference Dir., Paisley College of
Techaology, High St., Paisley,
Renfrewshire, Scotland PAl 2BE)

Twentieth Annusl Techaical Meeting of cthe
International Metallographic Soc.:
Metsllography in the Development and
Characterization of Mew Materials,

Alloys and Processes, Sheraton Hotel,
Monterey, Californis. (Lockheed
Nissiles & Space Co., lac.,

1111 Lockheed Way B/151, Dept. 48/93,
Sunnyvale, California 90486)

Ninth University Conference on Glass
Science, Rensselaer Polytechaic Inst.,
Troy, N.Y., USA. (Center for Glass
Science and Technology Materials Research
Center, Room 107, Rensselaer Polytechnic
Inst., Troy, W.Y. 12180-3590, USA)

IUPAC Internstional Symposium on Polymers
for Advaaced Technologies, Jerusales,
Israel. (Symposium Orgsnizers and
Secretsriat Orta, Ltd., P.0. Box 50432,
Tel Aviv 61500, Israel)

Conference on Emerging Techaologies in
Materisls, Downtown Holiday Inm,
Minnespolis, Minn., USA. (The Materials
Eogineering and Sciences Div. of ALChE,
Meetings Dept. 343 K. 47th S¢., New York,
N.Y. 10017)

Third Ceramics Technical Congress and
Exhibicion, Ataturk Cultursl Center,
Istanbul, Turkey. (Sponsored by the
Chesber of Turkish Chemical Engineers.
Technical Congress of Ceramics, Cenersl
Secrecary of KMO, Konur Soksk 4/1,
Kizilay, Ankars, Turkey)

Conference on Nondestructive Testing of
Righ Performance Ceramics, Boston, MA,
USA. (Sponsored joiatly by the American
Ceramic Socisty, Inc., sand the American
Socisty for Nomdestructive Testing)




26 Aug.

18 Sept.

2-6 Sept.

7-8 Sept.

7-9 Sept.

7-9 Sept.

9-12 Sept.

10-19 Sept.

13-18 Sept.

16-21 Sept.

22-25 Sept.

26-30 Sept.

29 Sept.
2 Oct.

Workshop on “Materials Science and
Physics of Mom—Conventional Energy
Sources” in Miramara, Trieste, Italy
(Prof. G. Furlen, P.0. Box 586, I-34100
Trieste, Italy)

SIMMEX 1987 - International Fair on
Mining, Eanergy and Metallurgy, Poznan,
Poland. (B. Zalewski, Poznan
International Fiar, ul. Clogowska 14,
Poznan 60-73, Poland)

Symposium on Advanced Materials and
Processing Techniques for Structural
Applications, Paris, France. (Sponsored
by the European Couacil of ASM [American
Scc. of Metals], 27 aveoue Trudaine,
75009 Paris, France)

Internstional Conference on Science of
Ceramics, Canterbury, UK. (Sponsored by
the Association Eur de Céramique
and organized by the Institute of
Ceramics, Science of Cermmics,

14 Sheltoun House, Stoke Road, Shelton,
Stoke-on-Trent ST4 20, UKX)

Third Internstional Conference on
Adhesion '87, York, UX. (Carole Franks,
Plastics & Rubber Insc., 11 Hobart Place,
London SWIW OWL)

Asiaplas '87 - Future Treads in Plastic
and Rubber Technology, Singapore.
(Plastics and Rubber Iast.,

11 Hobart Place, London SWIW OHL, UK)

Internstional Exhibition "CHEMISTRY"
(Polymere), Moscow, USSR. (The USSR
Chamb of C vce and Industry,
Sokoinicneski Val, lI-a Moscow 107113,
USSR)

1987 International Solar Energy Society
Solar World Congress and Exhibicion,
Hawburg, FRG. (ISES Solar Weltkongress
1987 e.V., c/o Hanseatic Congress
Managemenc, Am Weiher 23,

D-2000 Hamburg 20, Federsl Republic of
Germany. Telephone: (040) 40 76 23)

International Exhibition on Metsllurgy,
Foundry & Hest Treatment, Shanghai,
China. (Adsale Exhibiction Services,
21/F, Tung Wai Commercial Building,
109-111 Gloucester Road, Hong Kong)

Conference on New Materisls and their
Applications, University of Warwick, UK,
(Institute of Physics,

&7 Belgrave Square,

London SW1, UK)

World Materisle Congress, Chicsgo, Iil.
(Americen Society of Metals, ASM, Metsls
Parl., Ohio 44073, USA, co-sponsored and
psrticipated by scores of societies,
sssocistions, institutes, councils,
federations, and other orgsnizations from
all over the world)

Poiyurethanes World Congress, Eurogress
Centsr, Aachen, FRG.
Industry) :

(Soc. of Plastics

10-16 Oct.

13-15 Ockt.

27-28 Ock.

2-6 Nov.

11-13 Novw.

15-18 Nov.

15-20 Nov.

24-27 dNov.

2-3 Dec.

7-10 Dec.

7-10 Dec.

14-16 Dec.

Istersational Machinery and Techoology
Exhibition, Clsy aand Cerasic Induscry,
Rimini, Italy. (Eate Autonomo Fiere ¢i
Rimini, B.P. 300, I-47037 Rimini, Icaly)

Materials Week 1987, Strain Hardening of
Ordered Alloys, Cimcinnsti, Ohio, USA.
(Sponsored by American Society of Metals
(asm))

Materials: Applications and Services

Exposition, Ciacinmati, Ohieo, USA.

(Confereace and Expositions Dept., ASM, .
Int. Metals Park, ON 44073, USA)

Glass and Cersmics Developmeats,
Milton Int., Mumich, FeG. (Industrial
Hinerals, Park Mouse, Park Terrace,
Worcester Park, Surrey KT& JHY, UK)

International Plastics snd Rubber Fair,
Sarajevo, Yugoslavia. (Centre
Skenderija, Ulica Mice Sokolovia bb,
YU-71000 Sarajevo)

Sixth International Ferro Alloys
Conference, Monte Carle, Monaco. (Metal
Bulletin Inc., 220 Fifch Ave., New York,
B.Y. 10001)

Eight SERI Photovoltaicr Advanced
Resesrch and Developmwent Pro,ect Reviev
Meeting. Hyatt Regency Techuical
Institute, Denver, CO, USA.

(Roland Rulstrom, Solar Energy Research
Institute, Conference Co-ordinstion
Sectien, 1617 Cole Buulevard, Coldem,
CO 80401-3393, USA.

Telephone: (303) 231-1158)

Symposium on Performance of Composites in
Severe Environments, Nev York.

(Sponsored by American Society of
Mechanical Engineers Applied Mechanics
Division, Composite Commitree and
Materials Committee)

EXPERMAT °87 - Internstional Symposium oa
Haterials, Bordeaux, France. (Sponsored
by the Centre d’Etudes des Systemes et
des Technologies Avancies, CESTA,

1 rue Descartes, 75005 Paris)

Specislisty Plastics Conference, Zurich,
Switzerland. (Maach Business Services,
Seestrasse 308, CH-8804 Au/Zurich)

Seventh Congress on Composites in
Manufacturing, Long Beach, Californis.
(Society of Manufacturing Engineers,
P.0. Box 930, Dearborn, MI 48121, USA)

Internationsl Conference on Powder
Metsllurgy sad Relsted Righ Tempersture
Haterials, 1IT Bowbay, Indis.

(P. Ramskrishnan, Conference Secretarist:
Metallurgical Engineering Dept., IIT Bombay,
Powsi, Bombay - 400 076 Indis)

2ighth Mismi Internstions]l Conference on
Alternative Energy Sources, Misei Beach,
Florids. (Clesn Energy Research Institute,
College of u;imrin!. P.0. Nox 2681%,
Coral Gables, F1. 33124, USA)
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Advances in Materials Techmology: Moamitor
Reader Survey

The Advances in Materials Technology: Monitor has now been published since 1983.
Although its mailing list is continuously updated as new requests for inclusion are
received and changes of address are made as soon as notifications of such changes
are received, I would be grateful if readers could reconfirm their interest in
receiving this newsletter. Kindly, therefore, answer the questions below and mail
this form to: The Editor, Advances in Materials Technology: Momitor, UNIDO
Technology Programme at the above address.

Computer access number of mailing list (see address label):
Name :
Position/title:

Address:

Do you wish to continue receiving issues of the Advances in Materials Technology:
Monitor?

Is the preseant address as indicated on the address label correct?

How many issues of this newsletter have you read?

Optional

Which section in the Monitor is of particular interest to you?

Which additional subjects would you suggest be included?

Would you like to see any sections deleted?

Have you access to some/most of the journals from which the information contained
in the Monitor is drawn?

Is your copy of the Moniror passed on to friends/colleagues etc.?

Please nske any other comsents or suggestions for improving the quality and
usefulness of this newsletter.



FOR NEW SUBSCRIBERS:

Request for ADVANCTS IN MATERIALS TECHNOLOGY: MONITOR

If you would like to receive fssues of the Advances in Materisls Technology:
Moaitor im the future, plesse complete the form below and return it to:

UNITED NATIONS @ NATIONS UNIES

CRITED BATIGRG IREUANMAL BEYRLIPHMENT Mt AeBATHeS

UNIOO MAILING LIST QUZISTIONNAIRE

Advances in Materials Technology: Monitor
(Code: 504)
VRGOS MmAsLING LIST, MIBUSTISAL INPORMATION ERCTUEN.
V.15, NON 20, A 1000 VMBNA, AUSTRIA

Type or grint cloarly lans letter por bon) and lseve » pens hetmeun sodh werd
mi_h:m'—l’-d . N X Y T Sy V-
TITLE OR POSITION 4 3
ORGANIZATION 1-1-1-
STREET AND Na for #.00 Sod nl +
CITY AND STATE OR PROVINICE -
COUNTRY 1

PLEASE DO NOT WwenTE o TrE 0K SPACES

] eweou ] cmm[]T]

Readers’ comments

Ve should sppreciste it if resders could take the time to tell us in this
space vhat they think of the ninth 1ssue of Advances in Materisls Technology:
Honitor. Cosments oo the usefulness of the information and the vay it has been

organized will help us in preparing future issues of che Monjtor. We thank you
for your co-operation and look forward to hearing from you.






