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1. Introduction

We have since about a year thought about the possibility of
co-producing heat and electricity using a wood powder furnace
surrounded by water-cooled photovoltaic cells. Broman has
corresponded with L. L. Kazmerski at NREL on the subject, and
Kazmerski has told us that there has been a renewed interest
in thermophotovoltaics (as the technique of converting thermal
radiation into electricity is called) during the very last
year at NREL with Tim Coutts as responsible for the program.
The work up to the beginning of this year has been financed by
US Department of Defence and is therefore classified. Things
have however changed since early 1993, making co-operation
between NREL and non-US researchers possible. Broman was
therefore in June invited to spend t wo months at NREL already
late in 1993, but it was later decided to postpone this stay
for half a year. Instead, Broman and Marks were invited to
NREL for a shorter visit in order to discuss with some
researchers at NREL the components of a future joint project.
This is our report from the visit.

2. Background

Established by the Solar Energy Research Development and
Demonstration Act of u. S. Congress 1974, the Solar Energy
Research Institute (SERI) began operations in July 1977.
President George Bush designated SERI as a national laboratory
in September 1991 and SERI became the National Renewable
Energy Laboratory (NREL), a National center for federally
sponsored renewable energy research and development owned by
the u. S. Department of Energy (DOE) .

Research activities at NREL are carried out in seven major
research divisions: Basic Sciences, Industrial Technologies,
Buildings and Energy Systerns, Alternative Fuels, Wind
Technology, Photovoltaics, and Analytic Studies. Key to NREL's
mission is facilitating the transfer of its renewable energy
and energy efficiency technologies to private industry for
commercialization.

NREL's total budget for fiscal year 1993 is $ 174 million to
be spent by about 850 employees. The founding mainly comes
from the DOE.

Currently NREL has five facilities in the Denver area for
administration, officies, laboratories and field test plants.
The main facility is located at Denver West Office Park with
adress: National Renewable Energy Laboratory, 1617 Cole Blvd,
Golden, Colorado 80401-3393, Phone No. +13032311196.
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3. Discussions with researchers at NREL

Lawrence L. Kazmerski, PhD, Principal Scientist and Branch
Manager, Measurements and Characterization Branch
(phone 303231115, fax 1381, e.mail KAZ ~ NREL.GOV)

Kazmerski was our host during the stay at NREL. He showed
great interest in a joint SERC/SLU and NREL project, studying
TPV generated electricity using refined biomass (esp. wood
powder) as fuel. He said that first during our visit had he
really understood the large potential of this combination. He
has also arranged for Broman to work as Visiting Professional
at NREL during t wo months (April and May) next year.

Timothy J. Coutts, PhD, Principal Scientist
(phone 3032311261, fax 1381, e-mail TIM-C @ NREL.GOV)

Work on indium phosphide PV cells has been conducted at NREL
for over ten years. InP has a bandgap of 1.35 eV which is much
too high for TPV applications. The bandgap of another crystal,
InAs, is on the other hand a bit too low, 0.38 eV. lnAsP
crystals with different proportions between the elements have
been made with bandgaps between 0.4 and 0.5 eV, quite suitable
for TPV applications.

For an emitter at 2000- 2300 C, x-si cells would be ideal
(but how then should the cell be cool ed sufficiently?) .
Silicon is indirect bandgap material. Mark Wanlass makes
however direct bandgap III-V material semiconductors.
Modelling has been done for temperatures between 50 and 100 C
with promising results.

Coutts would very much like a TPV array built for demo. and
promotion purposes. If SERC/SLU can make a (wood powder)
furnace which radiates at 1200 C, the ideal TPV cell should
have a bandgap of approx. 0.5 eV. Coutts said also that TPV
has the potential of growing into a program as large as the
present PV program at NREL (which was 32.7 M$ in 1992!) .
Coutts would al so like to build a prototype cell for civil
terrestrial purposes and an emitter temperature of approx.
1700 C; GalnAs or GaAt (Louis Faas with a private company in
Seattle is expert on gallium antimonide) are semi-conductors
that would be possible to use. Coutts would also be very
interested in co-operating with SERC/SLU om multi-layer
filters.

Coutts' group has also done some work on selective lanthanide
oxide emitters. Thin films do not work, however, because
these oxides have so low emissivity that thick layers are
needed. On the other hand, if it worked, erbium oxide ought to
match GalnAs well. Guido Guaccini measured emission spectra
some 20 years ago, using pellets of the material. The present
leading expert in the field is Dr. Robert E. Nelson (TECOGEN,
P. O. Box 8995, Waltham MA 02254-8995, phone 6176221077,
fax 1025) , who has invented a method to coat fibers with
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lanthanide oxides. (The method is probably patented.) Guaccini
has recently also showed a renewed interest in TPV, as has Dr.
Bloss in Stuttgart.

Coutts will organize (with Guaccini as co-organizer) a
workshop on TPV in Colorado next year. The workshop will cover
all aspects of TPV and take place in steamboat 5-8 July or in
Copper Mountain 7-9 or 12-15 July. We (NREL + SERC/SLU) should
put together a small working module for presentation at this
occasion.

Wanlass works in Coutts' group: He dernonstrated the reactor
for growing crystalline rnaterials that he has invented and
operates -he has the world's record of 31.8% efficiency
under 50 suns for rnonolithic tandem cells of InP and GalnAs.
It is Wanlass' work with "tuning" cells to different bandgaps
by varying the proportions of elernents that has triggered
NREL's renewed interest in thermophotovoltaics.

Mowafak AI-Jassim, Senior Scientist and Group Leader,

Materials Science

(phone 3032311042, fax 1381)

Al-Jassim's group works with rnaterials characterization by
means of transmission electron microscopy (TEM) and scanning
electron microscopy (SEM) .Much research has been done on
CulnAs cells on InP substratest but much less on InAsP cells
on lnAs substrate; it is the latter that has the lower bandgap
(approx. 1/2 eV) useful in TPV applications. When such cells
are producedt stress defects appeart a problem which has to be
overcome. The only low-bandgap rnaterials that are well studied
so far are HgCdTe-rnaterialst which are used for night-vision
devicest etc. There are eight people in Al-Jassim's group.
Presentlyapprox. 1.5 full time is spent on TPV-related work.

Keith Emery, Senior Scientist and Group Leader, Cell and

Module Performance

Emery measures absolute efficiencies of FV cells; it is in
fact his measurements that constitute the real world standard.
He demonstrated his equipment for us. The beam of his basic
one sun device (which Broman used for measuring the properties
of cornet concentrators in 1989) has been increased to 13 in.
x 13 in. (33 cm x 33 cm), and max. FV cell current will
shortly be doubled from 8 to 16 Amp.

The next device had a 200-sun l-cm dia. beam. It could be used
continuously or with ilashes down to I ms using a shutter
(similar to a camera shutter but highly reilecting) .

The third apparatus was a 2 m x 2 m (4 m x 4 m possible) one
sun system, and the fourth a 10 cm x lo cm 2000-sun I ms
system: this latter would probably be the most useful in
testing TPV cells, selective reflectors and selective filters.
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Emery has also equipment for quantum efficiency measurements.
It features 10 nm bandpass filters mounted on a rotating wheel
and measures from 400 to 5000 nm. While the beam through the
filters is narrow, the optics permits whole panels to be
measured (with a signal-to-noise ratio of 200) .Also this
apparatus would be very useful for measurements on TPV cells.

(home address 21547 Mountsfield Dr., Golden, cc 80401;
phone 3035269629, e-mail Larcon@Y csn.org)

Larson was one of the pioneering researchers when NREL started
as SERI in 1977. He left however SERI several years ago to
work in Africa, especially in Sudan. He got very interested in
our "Sudanese solar oven", made for baking the thin chapata-
type bread common in Sudan -Larson has thought of a similar
solution as ours (a square 1.2 X 1.2 semi-parabolic mirror
made of single-bent aluminum strips) .He and his wife also
became interested in going to Sweden and exchange homes with
Broman during April-May 1994 when Broman works at NREL. Our
plans are that Larson will be (unsalaried) guest researcher at
SERC during this time, co-operating with Sigge Niwong and
others.

4. Library studies

We got the opportunity to look for articles on TPV in the NREL
library. There is hardly anything published during the last
few years -we found in any case nothing that we didn't know
before. We found however several interesting slightly older
articles, which we copied and brought back to Sweden:

Demichelis, F. and E. Minetti-Mezzetti (1979/80) .A solar
thermophotovoltaic converter. Solar Cells Vol. 1, pp 395-403.

Demichelis, F., E. Minetti-Mezzetti, M. Agnello and V. Perotto
(1982) .Bandpass filters for thermophotovoltaic conversion
systems. Solar Cells Vol. 5, pp 135-141.

Hfler, H., P. Wuerfel and W. Ruppel (1983) .Selective
emitters for thermophotovoltaic solar energy conversion. Solar
Cells Vol. 10, pp 257-271.

Hfler, H., H. J. Paul, W. Ruppel and P. Wuerfel (1983) .
Interference filters for thermophotovoltaic solar energy
conversion. Solar Cells Vol. 10, pp 273-286.

Kettani, M. Ali (1970) .Direct Energy Conversion,
Addison-Wesley. Chapter 12 C: Thermophotovoltaic Power
Generation, pp 416- 423.

Woolf, L. D. (1986/87). Optimum efficiency of single and
multiple bandgap cells in thermophotovoltaic energy
conversion. Solar Cells Vol. 19, pp 19-38.
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5. Concluding remarks

Our general feeling is that due to this visit, SERC/SLU
research activities in the field of thermophotovoltaics will
step up into second gear. We have both a clearly expressed
interest in our work and a joint project with NREL
researchers. Furthermore we felt that our visit was inspiring
also to the researchers we met and talked to.

The expressed interest in our ideas concerning multi-layer
bandpass filters and the articles on filters that we found
will be inspiring for the thesis work to be started by Kenneth
Jarefors, researcher at SERC and post-graduate student at
University of Linkping.

Our plans for the time between nowand April 1994 are to build
a model wood powder furnace, suitable to complete with
appropriate PV cells. We hope that a complete working model of
a TPV system will be ready to demonstrate at the TPV Workshop
in July 1993. Broman will be working as Visiting Professional
at NREL April-May 1994. We and Jarefors plan to attend the
First TPV Workshop in Colarado in July.
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