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1. White Cliffs: From laboratory to 
reality

 When viewed on the satellite imagery of Google Earth, the barren pockmarked 
landscape of White Cliffs in north-west New South Wales bears a startling 
resemblance to photographs of the surface of Mars. Most homes are underground. 
Except for the few roads and a small cluster of above-ground buildings denoting 
human habitation, the pitted mullock heaps, disused opal dugouts, and the 
copper-red vastness of the surrounding landscape could almost be images of 
the red planet. On the southern edge of the tiny township, a curious V-shaped 
structure stands in contrast to the rectangular regularity of the town’s roofs. At 
a greater magnification, what emerges is the array of 14 paraboloidal dishes that 
was arguably the first commercial solar power station in the world. This tiny spot 
in one of the most remote places in Australia marks a milestone in international 
science and engineering, and a link between an obscure opal mining outpost 
and a nation’s leading university.

The station was the brainchild of Emeritus Professor Stephen Kaneff, then head 
of the Department of Engineering Physics, Research School of Physical Sciences 
(RSPhyS) at The Australian National University. The funding came from the 
New South Wales government and Kaneff was ably supported by members of 
his Department including Head Technical Officer Robert Whelan, Mechanical 
Engineer Keith Thomas, Technical Officer Peter Cantor as well as Senior Fellow, 
Dr Peter Carden, who had led the preceding research. The White Cliffs solar 
power station was intended to be a demonstration of a 'commercial' solar power 
station as well as an experimental work horse. In retrospect it represents far more 
in terms of the advances made in a field which even now, and with widespread 
acceptance of the global need to reduce greenhouse emissions, is struggling to 
gain ground in an industry that can be as dirty as the coal that dominates it. The 
energy stakes are high and competition fierce. Australia’s energy market is small 
by global standards but nonetheless voracious and the historical dependence 
on coal-fired power with its lobbying muscle, together with frequent challenges 
by the nuclear industry, makes entry to the market by the renewable energy 
industry difficult at best. This study documents the development of solar 
energy research at The Australian National University (ANU) from its modest 
but optimistic beginning in 1971 through to the turn of the century. The solar 
thermal power station at White Cliffs set a benchmark in solar energy and stands 
as a testament to the people who made it possible.
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White Cliffs: The breakthrough project

 In 1979 the New South Wales government was in electoral peril. Floundering in 
the polls against a public backlash, it needed a high profile project to take to the 
electorate. Premier Neville Wran believed that environmental issues held broad 
electoral appeal (Warhurst and Parkin, 2000: 295) so the prospect of a high-
profile environmental project to take to the electorate would have been very 
attractive to a government in trouble. At the same time, Stephen Kaneff, always 
seeking financial support, had decided to undertake a major project in solar 
energy. The oil crisis of the 1970s had generated widespread public interest 
in alternative energy and the popular media had followed the research being 
undertaken in this area at ANU. Kaneff submitted a proposal to the Premier 
and subsequent negotiations held between these two and the Vice Chancellor, 
which were necessarily confidential, culminated in the dramatic surprise 
announcement of a grant of $800,000 for a solar power station to be built in 
a remote location in New South Wales. The original location proposed by the 
researchers was Fowlers Gap, where a remote research facility was already in 
place, but the Premier’s press secretary preferred an even more remote location.

The township of White Cliffs, some 250 kilometres north-east of Broken Hill 
and 100 kilometres north of Wilcannia, at longitude 143°05’ east and latitude 
30°51’ south, was chosen as the site for the prototype solar power station. The 
climatic conditions there are harsh: the town holding the Australian record for 
the most extreme range of temperatures. Summer temperatures are regularly in 
the 40s, often climbing into the 50s, and rainfall is very low at around 245 mm 
per annum. Population varies as it largely comprises itinerant miners and opal 
fossickers, but the 1986 census put it at 207 people in 102 occupied dwellings 
(ABS: 1988). The fact that the census also recorded 36 unoccupied dwellings 
is probably indicative of the transient nature of the population. Unconnected 
to the grid, the town was powered by individual private generators. Kaneff’s 
proposal was a project that would undoubtedly generate wide public appeal 
for the government as well as test the research and emerging technology for the 
Department of Engineering Physics in RSPhyS.

The Premier’s agreement to fund the project immediately caused some problems 
for the university in terms of how to deal with the offer. At that time, ANU 
was inexperienced in dealing with external funding for projects, and rather 
cautious about the strings that may be attached to money derived from outside 
the research community. For a research university in the tradition of a liberal-
arts college, the acceptance of external project funding could pose a threat to 
scientific independence and integrity, or be perceived to do so. Kaneff recalls 
that the only means whereby external funding could be directed to a project 
such as this was via the Vice-Chancellor. So Premier Wran accordingly wrote 



1. White Cliffs: From laboratory to reality

5

to Vice-Chancellor Professor Anthony Lowe and made the offer of $800,000 – 
roughly equivalent to $3 million in 2012 dollars - for the development of a solar 
thermal power station at White Cliffs.

While the NSW government offer of funding in response to Kaneff’s proposal for 
the project was unprecedented, the amount on offer and the prominence of the 
project itself made it difficult to refuse. For the university it represented more 
than a large injection of project funds. Until this time the university had been 
less than supportive of the Department of Engineering Physics in their pursuit 
of solar energy research. Cuts in funding to solar projects had, on occasions, 
prompted negative media coverage and subsequent public outcries. The offer by 
the New South Wales government was an opportunity for ANU to take up a high 
profile project with wide public appeal as an indication of support for research 
and development in an increasingly accepted and popular field. Whilst the 
reaction of the Vice-Chancellor upon receipt of the Premier’s letter is unknown, 
the figure of $800,000, the source of the funding, and the proposed project 
itself, would presumably have prompted more than a ripple in the Chancelry of 
a university with a very cautious and conservative approach towards external 
funding. Regardless of any initial vice-chancellorial misgivings, however, in July 
1979 ANU was formally commissioned by the New South Wales government to 
construct a solar thermal power station with commercial application. 

The purpose of the White Cliffs solar power station was to “ascertain the 
feasibility and potential (both technological and economic) for providing 
electric power in conditions which exist over much of inland, remote areas 
and off-grid Australia” (Kaneff 1991:5). The intention was to construct an 
experimental system to operate for two years. In fact, it operated for 11 years 
with the assistance of locals, Peter Thompson and later Bill Finney, who attended 
to it on an ‘as required’ basis. As a feasibility study into the functionality of 
solar thermal systems for commercial domestic power supply, it was a success 
fulfilling many of the expectations of the local community, the researchers and 
the NSW government. 

Problems of location

The whole point of choosing White Cliffs as a site for the project was its 
remoteness, but this was a double-edged sword. As a sparsely populated opal-
mining town on the edge of the desert and not connected to the national energy 
grid, White Cliffs met the requirements of both the government, in taking a high-
profile, future-looking and environmentally sound project to the electorate, 
and the research team, in providing an off-grid town with commercial solar 
power. The remote location that fitted the project plan, however, also presented 
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problems to the solar energy research team. John Morphett, the founding 
manager of ANUTECH and former laboratory manager for the Research School 
of Physical Sciences, describes the location as ‘diabolical’. The sheer distance 
involved posed as many difficulties as did the new technology itself. Fowlers 
Gap, which was the original suggestion for a location, was almost as remote but 
had an existing research facility which would have made the project logistically 
more tractable, but White Cliffs had nothing. Everything had to be either built 
on-site or built in Canberra and transported over 1100 kilometres, some of it 
over an unsealed road. Because of the lack of facilities at the White Cliffs site, 
a building in the Fyshwick industrial area of Canberra was rented and the 
concentrating solar collectors for the power station were built there, with many 
of the components for the overall system constructed in the Research School 
and Engineering Physics workshops and by Canberra companies. 

The station served as an experimental unit allowing the scientists and engineers 
to design, develop and test appropriate technologies for what Kaneff describes 
as “a range of solar stations”. Added to the problem of the location was the 
requirement that the project had to provide “power reliably and continuously 
on a stand alone basis (with diesel backup); that is, [it] had to progress from 
conception to useful effective operation in one step” (Kaneff, 1991: xxi). While 
meteorological records for the area indicated about 3000 hours of sunshine per 
annum, providing very good levels of insolation, meteorological records of wind 
conditions were sparse. There were anecdotal reports of extreme storms and 
wind, including stories of cars being sandblasted clean of their paint during 
dust storms, which needed to be addressed in the design of the solar station. The 
low rate of annual precipitation did not pose any difficulties, but the potential 
for dust storms, particularly the incidence of the fine aeolian dusts that can 
reduce insolation and soil collectors, had to be considered. 

The field station established at White Cliffs was a base for research. It became a 
valuable resource for researchers from other universities requiring a remote and 
climatically appropriate location, including as a site for wind energy research. 
Kaneff himself undertook over 100 trips over the first seven years of the project, 
each being a round trip by car of 2,200 kilometres. He reported in 1991 that this 
travel afforded an opportunity to “reflect on our intrusion into this sensitive 
area” (Kaneff, 1991: xxii), specifically the abundance of wildlife long since gone 
from settled areas.
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Building the first solar power station from 
scratch

Once the site had been chosen, Peter Cantor, a senior technician in the 
Department of Engineering Physics, spent time at White Cliffs surveying the 
site for the station and procuring the necessary equipment, including crane 
equipment, for the placement of the solar collector dishes. Kaneff rented a 
workshop in Fyshwick, and much of the first year was devoted to “research and 
development on several concepts for collectors and other components” (Kaneff, 
1991: xxi). It was not until August 1980 that a final decision was made on the 
actual configuration and systems that would be used at White Cliffs.

The key, according to Kaneff (1991), is simplicity. He compares solar and nuclear 
energy by way of illustration. Whereas the production of nuclear fission energy 
requires highly complex technology and produces a complex waste, solar energy 
is perceived by many to be relatively simple. The concept of harnessing the 
nuclear energy of the sun to produce electricity is also a far easier one to grasp 
than the use of a finite resource, uranium, to create fission energy through a 
process that is very costly in resources, money and time. Solar energy produces 
no hazardous waste or threat of radiation poisoning. As Kaneff succinctly points 
out, the only radiation danger is sunburn. 

During the early years of the eight year period prior to the White Cliffs grant, 
Kaneff's colleague Peter Carden set an agenda for solar energy research to meet 
three criteria. Those were that it should be complementary to other Australian 
research, should fit as well as possible the 'publish or perish' culture of the 
Research School and should aim squarely at addressing the core problem of large 
scale utilisation of solar power. Research into the general economic viability of 
solar power highlighted the importance of recognising the dispersed nature of 
solar radiation and the inevitable need to provide large areas of some sort of 
intercepting medium. This turned out to be critical in any cost analysis and set 
severe limits to the cost per square meter of whatever intercepted the insolation, 
leading to the concept of employing thin metal paraboloids press-formed in the 
way car bodies are shaped. Clearly the car industry had the expertise to mass 
produce such dishes to the required precision and finish and could help answer 
the question of probable cost. 

During this period attention was also given the question of steering collectors 
so as in the direction of the sun. The idea of computer control incorporating a 
certain degree of artificial intelligence was developed. If for example each dish 
had the ability to set its own coordinate system then a considerable savings 
could be had by avoiding the need to precisely locate and set up each dish 
and even avoid the need for firm concrete foundations. All these concepts were 
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developed and embodied in peer reviewed publications. Peter Carden and Bob 
Whelan visited the University’s observatory at Siding Springs to investigate the 
feasiblity of using the technology developed for telesceope mirrors for the solar 
collector dishes. 

Another problem emerged in the form of inexpensive transport of heat from 
hundreds of dish collectors. Thermo chemical processes seemed worth exploring 
and Carden settled on the ammonia system as one needing evaluation. The 
concept involved feeding ammonia liquid to the focus where heat was absorbed 
in its dissociation to nitrogen and hydrogen. Each dish was to be fitted with 
a reaction vessel and counterflow heat exchanger that enabled the fluids to 
efficiently transit between ambient and focal temperatures. The cooled gases 
could then be piped to a central recovery plant carrying energy cheaply and 
without loss. This idea promised a substantial cost saving because it obviated 
the need for kilometers of thermally insulated pipes. Recovery of the heat energy 
occurred at a central plant when ammonia was re synthesised. 

The experimental nature of the project earned its stripes again with the 
development of another line of research: the feasibility of storing hydrogen 
in aquifers. All this work required additions to Peter Carden’s existing Energy 
Conversion Group: Dr Owen Williams, and PhD students Lincoln Patterson 
and Kieth Lovegrove. Most of the work was necessarily theoretical in the first 
instance and was well documented in over fourteen peer reviewed journals as 
well as presentations at Australian and overseas conferences.

Carden succeeded in obtaining Commonwealth grants for the thermo chemical 
work and also to test the idea of forming paraboloids from aluminium sheet. Small 
models indicated that the sheet could be sucked into a mould but there was no 
guarantee as to the accuracy of the first trial. Yet if such a formed dish could be 
made it could allow many valuable engineering and field tests. However, after 
several attempts it became evident that there were problems with the size of the 
shell in that the surface area was larger than the available metal sheeting width 
and required welding sheets together. During the forming process, the dishes 
consistently cracked along the line of the weld. There was hope that the dishes 
for White Cliffs could be made this way but there was always little chance for 
this. This research had a long way to go and still has.

Another concept developed by the Energy Coversion Group was a facility for 
pairs of dishes to close up, like clamshells, in extreme weather conditions to 
protect the dish integrity. Unfortunately, the time required to finetune this 
technique did not fit into the timeframe required for White Cliffs. 

The White Cliffs power station consists of 14 paraboloidal dishes, each covered 
with approximately 2000 small mirror segments to allow the mirror surface to 
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conform to the dish shape. Each dish has an area of about 20 square metres. 
Denied any outcome of previous reseach, Kaneff and his team went back to the 
drawing board and designed paraboloids constructed from fibreglass cast on a 
plaster-of-paris mould in the Fyshwick workshop. This design met the criterion 
of being inexpensive and also allowed the technicians to establish the optimal 
shape. Once the dishes were cast, students were employed at a (then) generous 
rate of about nine dollars an hour to undertake the tedious task of fitting the 
mirrors, the glass for which was supplied by Pilkington and cut locally. Eighteen 
of the dishes were constructed in the Fyshwick workshop. Of the four not 
used for White Cliffs, one - a prototype - was eventually sent to Maryborough 
(Victoria); two were sent to feature in an exhibition at Knoxville, USA; and 
one was retained at ANU and is still used for solar driven thermochemical 
experiments.

The final size of the 5 metre diameter dishes was largely determined by 
considerations of safety in ensuring survival in extreme winds, and especially 
the need to transport the units to the site. Once in place, the paraboloids could 
track the sun. The 14 dishes were installed to operate as separate modular units, 
centrally connected but with each unit able to operate independently even in 
the event of failure of communication with the central control unit. The system 
was fitted with a wind monitor and the dishes were pre-programmed to park in 
a horizontal orientation, facing the sky, when wind speed exceeded 80km per 
hour. 

Solar thermal heat collected by the paraboloids heated water to produce high 
temperature, high pressure steam, which in turn powered the engine to drive 
the generator, thus producing electricity. Straightforward engineering, but both 
Kaneff and Whelan recalled that the building of the steam engine was the most 
troublesome part of the enterprise. Kaneff (1991:4) reported that “the major 
part of the project time, effort and other resources was required to establish the 
steam engine … and water/oil treatment systems as robust, reliable working 
units”. A Rankine Cycle Uniflow Steam Engine with an output of 25kW was 
originally proposed. However, this was not available commercially, and a retired 
naval engineer officer and steam car enthusiast, Commander Graham Vagg, was 
approached to join the team. Vagg had developed a technique for converting a 
four cylinder Volkswagen to run on steam and suggested the idea that a three 
cylinder Lister diesel engine could similarly be converted to run on steam. The 
advantage of the Lister engine was that each cylinder and head is removable. In 
engaging Vagg to build the steam engine, however, what the research team did 
not know, according to Kaneff, is that if a steam car enthusiast builds a steam 
engine for a car, “he will shout with joy when the car can go round the block 
and come back without breaking down”. While Vagg’s engine was conceptually 
good, it was also highly unreliable. Whelan recalls that: “We had piston failure 
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that often led to catastrophic damage to the engine as well. I ended up changing 
it so that instead of cutting the rig-welded pistons I took a different approach and 
modified the top of the piston.” By this stage Dr Ken Inall, a research engineer 
who had previously been working on wind energy, had joined the team. He and 
Whelan worked on perfecting the steam engine for the solar power station. This 
took up a good deal of 1982.

The establishment of ANUTECH

Because the funding arrangements for the White Cliffs project were 
unprecedented, the university had no mechanism for managing such a large 
project utilising external funds. Other universities had commercial divisions 
to manage comparable projects of a commercial or technical nature, and it was 
decided that ANU should establish a similar organisation to manage White 
Cliffs. The Deputy Vice-Chancellor, Professor Ian Ross, was instrumental in the 
establishment of ANUTECH in 1979, and Mr John Morphett was appointed 
as founding manager with the responsibility to set up the organisation. All 
business with the NSW government relating to the White Cliffs project was 
conducted through the company, thus removing the need for the university to 
be directly involved with the commercial operation.

Morphett recalls that the White Cliffs project “scared the hell” out of the 
university because it realised that it hadn’t really gone far in supporting solar 
energy research. ANUTECH was formed as a means of protecting the university 
in the event that the NSW government did not honour its part of the contract. 
Unlike most university research grants, this contract was perceived to be 
commercial in application and outcome – this was new territory for a university 
hitherto based primarily on academic research. It was further considered by the 
university that a company could administer commercial operations in a much 
more efficient manner than a university administration. 

It was subsequently decided that there should be a commercial component to 
the project and a commercial company was sought by ANUTECH to become 
involved. A company called Environ came on board and Ken Fulton, a chemical 
engineer who had formerly managed Environ’s New Zealand operations, came to 
work on the project as the representative of the commercial partner. Morphett 
recalls that Fulton’s involvement was not readily accepted by the researchers. 
Their views were still largely defined by what Morphett refers to as: “old 
university thinking … (Sir Mark) Oliphant’s attitude to life … This department 
was Oliphant’s old department.” This resulted in a reluctance to accept Fulton as 
the outside representative of a commercial company, and instead of the project 
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benefiting from Fulton’s engineering experience, his role became that of project 
management. Fulton, being a competent and likeable person, was nonetheless 
able to work efficiently, if not to potential, with the project personnel.

The advantage of the project working through ANUTECH was that the 
entire project was managed centrally. All the construction, development and 
engineering for the White Cliffs power station was undertaken ‘in house’ with 
the solar energy team’s own personnel together with whatever resources were 
at their disposal. Nothing was outsourced and there were no external tenders 
awarded. Specialised staff could be hired and external expertise could be 
obtained as required without needing to go to a formal recruitment process. 
This enabled project staff to do things “promptly and economically”, according 
to Morphett. Quality and time management were enhanced by the system rather 
than reduced, allowing the solar energy team to get on with the task of building 
the power station without the interruptions that can often hamper such projects 
while bureaucratic process is followed. Rapid progress was desirable to meet 
with the electoral schedule of the funding body.

Success

The final working power station at White Cliffs is described by Kaneff:

A large storage battery, the power from which was used to drive a 
shaft connected to an alternator which generated 50 Hz alternating 
current which in turn was connected to supply the town load …..... The 
system was also connected to a steam-driven engine powered by solar-
generated steam via a ‘free wheel’ coupling, such that when there was 
solar energy available, the steam engine drove the system and supplied 
the town with electricity. Any solar energy left over was stored in the 
battery for use when the sun was not shining. If there was inadequate 
energy from the sun, the electricity generated came from both the sun 
and from the battery. If the battery became nearly discharged, the diesel 
engine cut in automatically to supply electricity to the town and would 
do so until further energy came from the sun.  This arrangement meant 
that all connected customers always had power up to the limit of their 
allocation, and all solar-generated energy was used. Since the power 
supply was of very limited capacity [25 kilowatts], there had to be a 
limit imposed on each customer. (Kaneff, interview 2008)

In 2006 the White Cliffs solar power station, which first brought electricity 
to this settlement in 1981, was declared a National Engineering Heritage Site. 
Along with such nationally, indeed internationally, recognisable works as the 
Snowy Mountains Hydro-Electric Scheme and the Sydney Harbour Bridge, 
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this comparatively unheralded enterprise is now formally acknowledged as 
a leading benchmark in engineering. Although decommissioned in 1994, the 
power station still stands and is now part of the town’s tourism program.


