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4. Evolution: Solar energy research 
as a distinct entity

The Research School of Physical Sciences (RSPhysS) was established on the Acton 
campus of The Australian National University (ANU) in 1950, following the 
appointment in 1948 of the Australian nuclear physicist, Mark (later Sir Marcus) 
Oliphant, who was then living in England, as its foundation director. In the two 
years prior to its establishment at Acton, the embryonic RSPhysS operated in 
Birmingham where Oliphant and a small technical staff began work planning 
for the new school (Ophel and Jenkin 1996). Oliphant’s own area of research 
and expertise ensured that nuclear physics was central to the development of 
the school which, when it opened in Canberra, had six departments: nuclear 
physics, theoretical physics, particle physics, radio chemistry, geophysics and 
astronomy. When Oliphant stepped down as director of RSPhysS and head of 
the Department of Particle Physics in 1964, a subsequent review of the school 
resulted in the establishment in 1965 of the Department of Engineering Physics, 
with Gordon Newstead as its head under a directive to ‘centre [the department’s] 
research program on the unique attributes of the homopolar generator as a 
source of controlled high current, high energy pulses’ (Ophel and Jenkin 1996: 
39). Following Newstead’s retirement in 1970, Stephen Kaneff was appointed 
to head the department with the focus remaining on the homopolar generator 
(HPG or the Big Machine).

The Big Machine

The HPG and its centrality to the department require some explanation in the 
context of the history of solar energy research. In the early 1950s, after seeing 
work being undertaken in the United States and Union of Soviet Socialist 
Republics in his field of nuclear physics, Oliphant decided that the nascent 
RSPhysS should be tasked with building a proton synchrotron. According to the 
late John Carver, then ANU research fellow and later a distinguished physicist 
and professor, there was a lot of excitement surrounding the project: ‘we were 
going to do some quick experiments in nuclear physics, and Oliphant and his 
team were going to build the proton synchrotron with which we would all 
win Nobel Prizes by discovering the antiproton …’ (Foster and Varghese 1996: 
254). A synchrotron is a machine for accelerating nuclear particles to very high 
speeds. The proton synchrotron was, in fact, the second string project adopted 
after Oliphant’s original vision of a cyclo-synchrotron had been abandoned 
following a massive cost blow out caused by initial under-costing of the project. 
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The proton synchrotron itself was a highly ambitious project given that the 
actual infrastructure of the school was still being built, and Oliphant’s budget 
for this project also was considerably short of the mark. Ultimately the proton-
synchrotron project was also abandoned due to cost and the fact that overseas 
research in the area had progressed to the point where RSPhysS was being left 
behind. The HPG was a central element of the two abandoned projects. 

Until the ANU project, work on proton synchrotrons had involved the use of a 
series of iron magnets. Limits on the power of the magnetic field that could be 
generated, however, caused limits on the efficacy of the proposed synchrotrons. 
Oliphant’s idea was to create magnetic fields without iron by generating electric 
currents in copper, theoretically with no limit to the generated field strength. 
The HPG, while a more modest stand-alone project than the proton synchrotron, 
was to have been the ‘engine room’ for its predecessors. The term ‘modest’, when 
applied to major research projects, however, is relative. Work on the HPG dragged 
on through the 1950s and into the 1960s, with grants from the Australian Atomic 
Energy Commission and the federal government, and increasing pressure from 
the latter for completion of the project. Finally, in 1962, and after considerable 
criticism of the project in the public domain, the HPG was ‘put through a series 
of successful tests, during which it delivered nearly 2 million amperes, well over 
the design limit’ (Foster and Varghese 1996: 255). 

Shortly after the successful tests, there was an industrial accident in which a 
technician was blinded when residue in a can of highly combustible sodium and 
potassium alloy exploded. While work on the HPG continued after the accident, 
with altered safety conditions, Oliphant withdrew from direct involvement in 
the project. 

The HPG as a working machine was completed in the Department of Engineering 
Physics under Newstead. Kaneff joined the department in 1966. Over the period 
1964–70 several projects utilising the HPG were established and were either 
powered by it or were intended to be so powered, including high field magnets 
and solid state physics (Peter Carden), high powered lasers (Hughes and Ken 
Inall), macroparticle electromagnetic accelerator (Marshall), plasma physics 
and the ANU tokamak (Liley and Morton). These projects were path-finding 
ventures, which spawned other departments in RSPhysS, including solid state 
physics, plasma physics and laser physics. 

First spawned was a Department of Solid State Physics, building on the work 
of Carden in the high field magnet laboratory and experiments in solid state 
physics, starting in 1970. This provided the opportunity for Carden to change 
research directions. The tokamak research activity evolved to become the Plasma 
Physics Centre, which was associated with other Australian universities; the 
laser research likewise formed and nurtured the Laser Physics Centre, while the 
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macroparticle accelerator work was taken up by the Australian Defence Science 
Laboratories and then, more substantially by the mid 1980s, in the United 
States, where it seeded 19 major projects. The self-organising control aspects 
of Kaneff’s work had over the years developed into broader computer based 
studies and eventually evolved to another full department — the Computer 
Science Laboratories which, later still, became associated with the new ANU 
School of Information Sciences.

These evolutionary processes occurred gradually and sequentially over the 
period 1970–88, and later. At the start of this period the engineering physics 
constituted one department of seven in RSPhysS. At the end, the total activities 
generated by the department comprised five departments, representing about 
one half of the total number of departments in the school (mathematics and 
astronomy had earlier separated from RSPhysS).

Interestingly, in spite of (in Kaneff’s view) substantial beneficial developments 
of world significance occurring specifically in relation to the HPG generated 
studies, in the 1976 review of the school, it was reported to the faculty board that 
the review committee believed: ‘continuation of this optimistically contrived 
arrangement is no longer appropriate nor justified’ (RSPhysS 1976: 3.3.2), and 
work on the HPG ceased. By that time, Kaneff was the head of the department.

Departmental watershed

The solar studies, which were formally initiated in December 1970, allowed 
Carden, on his return from the United Kingdom and fired with the enthusiasm to 
pursue research in solar energy, to begin consideration in 1971 of likely profitable 
paths for the work of the new group in the department — the Energy Conversion 
Group. Within the first year, Carden had identified solar thermochemical energy 
conversion as a profitable path to follow. Solar thermochemical energy storage 
possessed the major advantage that it potentially facilitated the mass utilisation 
of solar energy. This remained a major objective of the department’s solar work.

These developments were a timely catalyst for Kaneff to begin steering his 
department in the new direction of solar thermal and thermochemical energy, 
which evolved with thermochemical research under Carden’s direction. 
Simultaneously, other aspects were essential to achieve the mass utilisation 
of solar energy: solar thermal concentrating collectors and the development 
of complete power systems, driven mainly by Kaneff, formed a parallel path. 
Departmental funds allowed researchers Owen Williams (physicist) and Winston 
Revie (chemical engineer) to be appointed and Bob Whelan, previously the 
manager of the magnet laboratory, to join the group; followed shortly thereafter 
by the arrival of a PhD student, Lincoln Paterson, who investigated high pressure 
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storage of gases in underground aquifers as a potential means for storing solar 
energy on a large scale and long term. Significant government funds were 
secured to carry on experimental programs during the early years.

The 1976 review of RSPhysS was a catalyst for further change. The review process 
was the subject of some criticism and it was suggested that, rather than being 
a model for future university reviews, it ‘provided more of a counter-example 
by highlighting pitfalls to be avoided’ (Ophel and Jenkin 1996: 41). The major 
problem appeared to be that the instigator of the review, Robert Street, was both 
director of the school and chair of the review committee, and so the likelihood 
of his being subject to conflicts of interest was high. The circumstances of the 
review’s commission were also unusual: it was commissioned by the faculty 
board of the school, and therefore the report was ‘not accessible to external 
parties, including the vice-chancellor and Council, without the express 
approval of the Faculty Board’ (Ophel and Jenkin 1996: 41). The committee 
itself comprised mainly senior academic staff of ANU and some representatives 
from other Australian universities, but with no fully independent international 
representation. 

It was always Kaneff’s understanding that one task of the review was to ensure 
the cessation of work related to the HPG, and that this was set, almost as a 
directive to Street, at the highest administrative level. According to Kaneff, the 
world class results and clear external benefits of the HPG research meant that 
work could not stop at that time, but years later lack of funds did see the end of 
this work. The formation of the Plasma Physics Centre and laser and computer 
science groups was a part of the evolutionary process of growth that saw the 
era of HPG research come to an end. Well before the Plasma Physics Centre 
developed, the Department of Solid State Physics was created to take advantage 
of Carden’s high field magnet work. At the time of Street’s review, however, the 
only program terminated was that associated with the macroparticle accelerator 
work. This could not proceed in any case because the next step was to build 
a much larger experiment for which a new building was needed as well as 
considerable experimental funds. While it may have been Street’s objectives to 
close down solar energy research in spite of good reviews of the solar work and 
HPG experimental results, the report marked a watershed for the department.

A later review of the report from within RSPhysS concluded that: 

There is one member of the academic staff assisted by two professional staff 
engaged in this (solar) work. Some of our assessors have found it difficult 
… to accept the claims of world priority and uniqueness of concepts. 
The Committee has most serious doubts that a project of the diversity 
and complexity described to us is best pursued or is even appropriate 
in the department. For example, the department’s submission described 
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necessary work in areas such as mirror field control, reflective surfaces, 
mirror mounts, ammonia circulation systems, heat exchangers, reaction 
thermodynamics, investigation of catalysts, materials research, storage in 
underground aquifers and radiation measurements. (RSPhysS, 1976: 16)

Plainly there was hostility to the continuation of solar energy research from 
some within RSPhysS. Kaneff recalled in 2008 that, in 1976, there were nine 
staff involved in solar energy comprising four academic, one professional, 
one PhD and three technical. Notwithstanding the negativity of the review 
committee, however, he views the report outcome as having been reasonably 
favourable for solar energy research. In addition, people across the University 
expressed support for the continuation of solar energy research following the 
indication that university administration intended to close down the research. 
This support culminated in a letter signed by many senior academics arguing 
for continuation of solar research. Together, these and other factors resulted in 
the research proceeding. 

While the hurdles that they had encountered in pursuing applied research in 
a university environment defined by pure academic research were not entirely 
removed, Kaneff believed that the report provided them with the imprimatur 
to continue their applied research, although with the condition that they found 
their own money. One of the major points in the report in favour of solar energy 
research, according to Kaneff, was that they ‘were looking at things from an 
economic and industrial point of view, and not just from a “pure” research 
point of view’. Nonetheless, Kaneff also speculates that some people may have 
believed that there would be insufficient external interest in solar energy, and 
therefore insufficient funds available to make the solar energy group viable, and 
that as a result solar energy research at ANU would disappear naturally.

Over the period 1980–88 the funding for the Department of Engineering Physics 
acquired from outside sources increased greatly and the research became 
increasingly solar oriented. In 1987 the name of the department was changed 
to the Energy Research Centre (ERC) within the Research School of Physical 
Sciences and Engineering (RSPhysSE, the name of the school itself also having 
been changed in accordance with activities accepted as inclusive of engineering).

Solar thermal and thermochemical energy studies in that period were still 
not favoured by the University or the school. The obligatory review that was 
traditionally held prior to retirement of a head of department, stated that ‘it 
would be difficult to find a new Professorial Head of the Energy Research Centre 
and its programs’ (Kaneff, personal records) on the retirement of Kaneff, and 
recommended closure of the operations of the department at the end of 1991. 
The strong support of eminent solar researchers in the United States and Europe, 
which was presented to the 1991 review, urging ANU to continue the solar 
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work, caused the University Council to determine that the work of the centre 
should continue as part of ANUTECH. Kaneff, as emeritus professor, continued 
as head, to enable the solar and related technologies to develop further and be 
commercialised. 

In the event, after 1991 RSPhysSE still provided laboratory space and some 
resources to the centre until the end of 1994, as well as extended visiting fellow 
status within the school to the existing scientific staff of the ERC. But the ERC 
was, by ANUTECH decision, to be a ‘Profit Centre’ within ANUTECH; and 
research and development would proceed only where external funding could 
be sourced. Because ANUTECH did not wish to be involved in thermochemical 
or phase change storage studies, these were handed over to the new Department 
of Engineering which, from 1993, formed its own solar thermal group and 
continued to use the original laboratory space and ERC facilities in RSPhysSE; a 
situation that continues today. 

ANUTECH and the Energy Research Centre

Kaneff notes that, by the time the ERC was transferred administratively from 
RSPhysSE to ANUTECH, the arrangement being contractually operational 
from February 1993, the major basic thermodynamic and thermochemical 
work initiated by Carden, who retired just before the changeover, had been 
established and studied experimentally in the laboratory. Assessment of the 
work and programs had already previously produced favourable reports from 
chemical industries in Australia and Europe, encouraging the continuation of 
the research. In 1994, a first solar-driven thermochemical loop based on ammonia 
was devised and demonstrated by PhD student Andreas Luzzi, working with 
Keith Lovegrove and colleagues in the thermochemical laboratory established 
by the ERC, thus providing a good introduction for the new Department of 
Engineering to resume where RSPhysSE and ERC had left off. Over the period 
1971–94, major thermochemical contributions, apart from the key contributions 
of Carden, were made by Whelan whose continuous management, advice 
and design contributions enabled the research to proceed through many 
modifications and a major change of laboratory location. 

Parallel development of concentrating collectors and of complete solar thermal 
power systems by Kaneff and his team fared well, resulting from successfully 
originating large concentrating collectors and the concurrent evolutionary 
installation of solar thermal power systems at White Cliffs, Albuquerque, New 
Mexico, and Solar Generator 3 in Canberra. The relatively short-term nature 
of these projects encouraged the flow of substantial resources which, by the 
time the ERC was transferred to ANUTECH, had demonstrated and validated 
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configuration, design and basic viability of large collectors and revealed the 
potentially attractive economic advantages of the technology in practice; and its 
application in complete solar thermal solar power generation systems, as well as 
producing successful approaches to solar power system realisation. This allowed 
ANUTECH to start exploring commercialisation of the technology.

Funds were forthcoming from various sources, particularly the Northern 
Territory Power and Water Authority, which also commissioned Kaneff, via 
ANUTECH, to carry out a prefeasibility study for a four-megawatt addition to 
the Tennant Creek diesel power station. The requirement was to replace some 
of the existing diesel generators by two megawatts of solar thermal electricity, 
based on large dishes and two megawatts of gas turbine generation. The study, 
completed in 1992, was favourable to the proposal and attracted other Australian 
power utilities to join a consortium, together with the National Energy Research, 
Development and Demonstration Corporation (NERDDC), to take the proposal 
further. As a result, a feasibility study was carried out by ERC in 1993–94 in 
cooperation with all parties, and the report indicated that the project was viable.

In June 1994 John Hansen, chief engineer of the Plataforma Solar de Almería 
research and development and test facility, provided a favourable assessment of 
the ERC large collector technology and the Tennant Creek power station proposal, 
as a result of a commission by the Joint Utilities Consortium. As a consequence, 
ANUTECH embarked on what turned out to be very protracted negotiations 
for the sale of the solar thermal technology. Unfortunately acceptable sale 
terms were not agreed and the joint utilities and NERDDC, in the event, left 
the arrangement indefinitely inconclusive and did not even agree on the actual 
power station site; nor were funds for the project forthcoming. 

Over the period 1993 to 2005, the ERC continued with the development and 
promulgation of the technology, effectively working on the programs carried 
over from the RSPhysSE, with financial support from external sources. 
This involved developing SG3, the Big Dish solar dish collector and power 
generation system. Continuation and development of more-advanced and 
larger solar thermal power systems, and the development of more cost-effective 
commercially oriented collector systems, were central issues which occupied 
much of the effort, along with the time consumed in writing and submitting 
patents to ensure protection for the technology that was being developed. This 
arrangement provided ANUTECH and ANU with the intellectual property at 
virtually no expense to themselves, enabling the technology to be readily sold 
and licensed.

The role of the ERC also involved participating in fund raising and demonstrating 
and presenting the technology to interested parties. A promising association 
was formed in 1997 with the construction company Transfield, whereby the 
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ERC designed a 1-megawatt electrical solar collector array using large collectors 
to provide steam for a steam turbine for a Transfield plant in Queensland. This 
led to a proposal with Transfield and Pacific Power for a 2.5-megawatt electrical 
solar contribution to a large turbine at the Eraring Power Station, which was 
the basis for a showcase grant from the Australian Greenhouse Office in 1998, 
although the project ultimately did not proceed.

An important potential application area of the technology arose in relation to 
combined systems for electricity generation and provision of fresh water. At 
the request of the Whyalla Council, Kaneff carried out a detailed prefeasibility 
study in 1998–99 for providing 24 megawatts of solar thermal electrical power 
together with 20 megalitres per day of desalinated sea water, with the system 
requiring 200 collectors each of 400-square-metres aperture. The project was 
supported by the South Australian Government and KPMG were commissioned 
to carry out a detailed assessment of the proposal.

In 1998–2000 ANUTECH designed, constructed, installed and commissioned 
a second 400-square-metre Big Dish in Israel: in this case a high optical 
performance collector similar to the SG3 unit but with a more concentrated focal 
region to permit a wide range of experimental studies using concentrated solar 
energy, including solar powered lasers and concentrated photovoltaics (PV). The 
ERC also carried out several studies for multi-megawatt power systems as well 
as village power supplies in India during 1994–2002, desalination studies for 
the NSW Government in 1999 and utilising solar-driven technology to achieve 
land reclamation in the Murray River Basin at Kerang for the Department of 
Agriculture and other organisations in Victoria in 2001.

ANUTECH underwent structural changes after the turn of the century, being 
split into two sections — ANU Enterprise, which was to handle University 
innovation, and ANU College, which had a teaching function. The ERC 
was included in ANU Enterprise and functioned until 2005. In 2005, ANU 
administration made an agreement with the solar energy technology developer 
Wizard Power, a spin out company from a Canberra computer software company, 
to advance the technology commercially. 

Kaneff stresses that the origination of the solar thermal technology — large 
collectors and complete solar thermal power systems employing such collectors — 
was developed within RSPhysS over the period 1970 to 1994 by the Department 
of Engineering Physics, which was subsequently renamed the Energy Research 
Centre. For the entire tenure of ERC as part of ANUTECH, the ERC functioned full 
time in further developing the technology and providing support to ANUTECH 
to market the technology, in the process considerably enhancing the technology, 
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writing patents and providing information, writing reports, initiating new 
designs and developments in relation to both collectors and power systems. 
Frequent presentations were made to industry and power utilities. 

Kaneff reports that the functions of the ERC were carried out without any 
remuneration to ERC members and at negligible cost to ANU, to which the patent 
rights to the technology were assigned. Not only was a new technology developed, 
but the rights to the technology were gained almost for free. The ERC was a 
storehouse of solar energy knowledge and understanding, as well as being aware 
of the developing potential of the technology, practical improvements possible, and 
the further development directions needed to enhance economic aspects.

Kaneff feels bitter about later events and argues that it would be reasonable 
to expect ANU to have called upon his expertise when it came to presenting 
the technology to interested parties. Instead, the University chose to withhold 
notice of the negotiations with Wizard Power. The news of the success of the 
negotiations with Wizard to commercialise large-dish technology reached 
Kaneff only some weeks after the event and, in addition, it subsequently became 
known that the board of ANU Enterprises was to declare the ERC redundant. 
Kaneff found this situation untenable and resigned from his 13-year, unpaid 
service as head of ERC (ANUTECH) in September 2005. 

In spite of difficulties that were experienced during the formative stages of 
the centre’s association with ANUTECH, Kaneff stresses that during the years 
1979 to 1996, John Morphett proved to be a successful and respected managing 
director. He oversaw the required functions in developing and marketing the 
solar technology, in spite of many hurdles both internal and external. 

ANUTECH and the Department of Engineering

A research group for PV was established by Andrew Blakers in 1991 within the 
new Department of Engineering. Kaneff’s retirement as professor of engineering 
physics in 1991 made him ineligible to be main supervisor to PhD scholars. 
Two well-qualified scholars wishing to pursue solar concentrator research 
came to ANU in 1993. Blakers agreed to supervise one (Glen Johnston) and 
Keith Lovegrove the other (Andreas Luzzi). This provided the academic base 
for ERC to provide access to laboratories and other facilities to PhD students. 
Subsequently, Lovegrove, Luzzi and Johnston formed a solar thermal group 
within the Department of Engineering. 

After the formal launch of the Big Dish, the work of Carden on the use of ammonia 
as a thermochemical storage medium was carried forward by Luzzi during his 
PhD studies. Ammonia thermochemical storage relies on the chemical properties 
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of ammonia to store heat. Concentrated sunlight heats a reactor filled with a 
catalyst and hot ammonia. The ammonia absorbs heat and is split into hydrogen 
and nitrogen, thus storing chemical energy. To recover the stored chemical 
energy, the hydrogen and nitrogen are placed in a reactor where they form 
ammonia and give up heat. Ammonia synthesis from hydrogen and nitrogen 
for fertilisers is a large industry, with little need for additional research, and so 
the main focus of the work was on the economical splitting of ammonia at the 
focus of a paraboloidal dish. Two advantages of the ammonia thermochemical 
energy storage system are that it has no side-reactions and that it is a closed-
loop. The unreacted liquid ammonia and the reacted gaseous hydrogen and 
nitrogen components can be stored together in a pressure vessel at room 
temperature. Unlike the hydrogen and oxygen resulting from splitting water, 
the hydrogen and nitrogen from splitting ammonia cannot explode. During the 
day, thermochemical energy is collected and stored for use at night when the 
sun is not shining. As Luzzi explains, whilst this process is industry standard 
and the properties of ammonia have been used in such ways for over a century, 
the proof of concept using real-life paraboloidal dish hardware was important 
to demonstrate its use in solar thermochemistry with a fully functional closed-
loop solar system. 

At this time ANUTECH transferred its ERC interests in thermochemical energy 
research to the Department of Engineering, which began to use the solar thermal 
and other ERC facilities. This informal arrangement began in 1994 and worked 
satisfactorily for seven years. In 1997 the solar thermal and PV groups within 
the Department of Engineering merged to become the Centre for Sustainable 
Energy Systems (CSES), while the ERC within ANUTECH continued its work in 
developing solar thermal collectors and power systems.

The lack of a formal arrangement between the ERC and Department of Engineering 
solar thermal group, however, eventually led to problems regarding overall 
control of the solar thermal work. This raised the question of whether they 
should there be one group instead of two? Lovegrove felt that he should lead the 
solar thermal work and, after 1995, advocated the closure of the ERC, leaving 
the new solar thermal group alone to continue its research. Many discussions 
were held over several years with the objective of Kaneff joining the Department 
of Engineering solar thermal group as a visiting fellow. Kaneff, however, felt 
that the conditions proposed would have left him with little opportunity to 
pursue or influence programs and the negotiations failed. Fortunately, while 
these discussions were ongoing, joint use of laboratories continued amicably.

At the end of the 1990s and up to 2000, tensions arose. At the time, ANUTECH 
staff, were engaged in active commercial negotiations in respect of dish technology. 
It was considered that the use by staff from the Department of Engineering 
solar thermal group of computers and computer programs developed over the 
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years by ERC had the potential to lead to a breach of confidential intellectual 
property. ANUTECH removed the computers in a pre-dawn ‘raid’ on the offices 
of the researchers involved, along with the confidential programs. The event 
caused unfortunate antagonism and misunderstanding on both sides, although 
the people involved now regard it with amusement.

Kaneff’s position as a pioneer of solar energy research and its key driver over 
nearly three decades was such that his retirement from RSPhysS in 1991 left 
no clear line of succession between three researchers: Lovegrove, Johnston and 
Luzzi. Together these three people led solar thermal research at ANU until the 
departure of both Johnston and Luzzi from ANU in the early 2000s. Lovegrove 
carried on the solar thermal group in the Department of Engineering and formed 
a partnership with Wizard Power. Together, Wizard Power and the group 
constructed a 500-square-metre solar dish next to the original 400-square-metre 
dish on the banks of Sullivan’s Creek. Following deterioration of the relationship 
between Wizard Power and ANU during 2010 and 2011, Lovegrove left the 
University in 2011.

The academic legacy of Kaneff is evident in the solar thermal collectors and 
infrastructure at ANU and elsewhere and in the work undertaken in the solar 
thermal group in the Department of Engineering. Acknowledgement of his 
contribution to solar energy research at ANU, however, has been curiously absent 
there. Prior to 1994 he and his colleagues published more than 300 papers. In the 
early 2000s, the website of the solar thermal group listed only one paper, which 
mentions Kaneff as a co-author, and none of his (more than 180) own papers; 
none at all by any author on the landmark White Cliffs project; and only 10 of 
Carden’s, all of which were conference papers. The SG3 Big Dish was explained 
in detail to many visitors but with omission of reference to the researchers who 
were responsible for its conception, development, construction, validation and 
use in the first, grid-connected solar thermal power system in Australia (1994). 
The White Cliffs project, which remains the first great milestone project for 
solar energy at ANU and in Australia, was awarded the distinction of being 
an Engineering Heritage Site, but with little recognition within ANU. Kaneff 
believes that failure to acknowledge the early projects may ultimately reflect 
negatively on the University.

As a matter of necessity, solar energy researchers at ANU have continued to 
be entrepreneurial in seeking project partners and funding grants. Blakers, 
as director of the CSES, is sure that had Kaneff not paved the way for the 
commercialisation of solar energy within the structure of the University then the 
role of the current centre and its work would have been much different, and his 
job more difficult. It remains that much of the commercialisation of research in  
ANU and the extent to which it is accepted, indeed welcomed by the University 
itself, is due to the sheer determination of Kaneff and his colleagues to obtain 
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external funding to continue their research and maintain their department at 
a time when ANU was against the very concept of university engagement in 
commercialisation of its research. 

In 2000 the solar thermal research group, through Luzzi, was engaged in a 
collaborative solar chemical project with the Swiss company Ammonia Casale, 
which was funded jointly by the Australian Cooperative Research Centre for 
Renewable Energy, the Swiss Federal Office of Energy, the German Academic 
Exchange Service and Neu-Technikum Buchs. The objectives of the project 
were to:

demonstrate closed-loop solar operation of a 15-kW thermochemical 
energy storage system based on ammonia dissociation/re-synthesis; to 
investigate the performance of key components of the ammonia-based 
thermochemical energy storage system; and to assess scale-up of solar 
ammonia dissociation to pre-commercial demonstration using ANU's 
'big-dish' technology. (SolarPACES 2000: 89)

This project was one of a number of similar and subsequent thermochemical 
projects engaged in by the group over the next few years, based on the Big Dish 
and involving research collaborators from ANU and Switzerland and commercial 
funding from both governments and various European industry partners. By 
2003 the engineering designs to scale-up the earlier closed-loop system to the Big 
Dish concentrator were completed with the aim of preparing the SG3 collector 
as a generic research tool. Joint funding from the ACT Government and ANU in 
2004 enabled the proof of concept work to be undertaken which successfully 
tested ‘the operation of a trough-driven ammonia dissociation receiver reactor 
using Ruthenium on Carbon catalyst’ (SolarPACES 2004: 80). 

As the Energy Research Centre wound down, solar research in the Faculty of 
Engineering and Computer Science gained a high international profile and 
grew rapidly. By the year 2000, staff and students numbered 30, and external 
research funding in the period 1991–2000 was $16 million. By 2012 the number 
of staff and PhD students had reached 80, and funding won in the period 1991–
2012 exceeded $80 million. Several large projects were funded, including the 
Rockingham and Bruce Hall demonstration trough concentrator systems and 
SLIVER solar cell technology in partnership with Origin (Boral) Energy. The 
Australian Solar Institute was established in 2008 with ANU as a core member, 
and has resulted in the award of more than $25 million in funding to ANU 
projects.

Transform Solar, a joint venture of Origin Energy and Micron, is undertaking 
commercialisation of SLIVER technology. SLIVER solar cells are made on very 
thin single crystalline silicon substrates. SLIVER technology allows large 
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reductions in the consumption of expensive hyper-pure silicon. In addition, just 
a few 20-centimetre diameter wafers, when processed via the SLIVER technique, 
yield enough area of solar cell to cover one square metre of solar module. In a 
2007 paper, the commercial application of SLIVER technology was described:

[It has been shown] that it is possible to optimize the Sliver cell fabrication 
process so that high-efficiency cells can be produced using a simplified 
processing sequence that promotes high consistency and a very high 
[energy] yield. Simultaneously, efficient module production via the 
submodule method can be used, using low-cost equipment and standard 
PV materials only, to reliably and rapidly produce Sliver submodule units 
which can then be easily handled in a similar manner to conventional 
solar cells. (Franklin, Blakers, Weber and Everett 2007: 8)

In 2005 Wizard Power entered into a licensing arrangement with ANU 
for the commercial development of the Big Dish technology and ammonia 
thermochemical energy storage. This was a major breakthrough for the solar 
thermal group. The existence at ANU of the 400-square-metre Big Dish was 
crucial in demonstrating the potential of large paraboloidal concentrators. 
Wizard Power’s interest was the commercialisation of ‘big dish’ technology 
and investigation of its applications in a broad range of fields, including power 
generation, agriculture, desalination, sewerage and water treatment, and urban 
heating. In particular, Wizard Power played a major part in the development 
and construction of a new 500–square-metre dish (SG4), built adjacent to the 
original SG3, on the bank of Sullivans Creek and completed in 2009. 

The new Wizard Power Big Dish ‘commercial’ design represented by the 
SG4 facility is based on novel space-frame and mirror panel systems that 
are optimised for the cost-effective deployment of large (tens to hundreds of 
megawatt capacity) solar fields. These systems are designed for low-cost and 
rapid mass manufacture, assembly and installation. A custom manufacturing 
and dish assembly solution, the ‘factory-in-the-field’, was developed to enable 
dish frame manufacture and assembly to take place on the site of the power plant, 
whilst also allowing the adaptation of the solution to different labour and power 
infrastructure markets around the world without compromising the quality  of 
the construction or increasing the costs involved. In May 2010 the commercial 
potential of this work was acknowledged by the Commonwealth Government 
with the announcement of $60 million funding support for the development 
of the first commercial-scale power plant using ‘big dish’ technology, the 
40-megawatt Whyalla Solar Oasis Stage 1, in South Australia. The $230 million 
solar oasis will use 300 dishes in its first stage. The consortium is evaluating the 
expansion of the plant to at least 200 megawatts in future stages. Hopefully this 
will be the first of many such plants, as Wizard Power is now engaged in pre-
feasibility studies in the United States and India for similar and larger plants. 
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The Whyalla Solar Oasis project is in many ways the culmination of the work 
undertaken by Kaneff and his team, who originally proposed the project in the 
late 1990s. With the involvement of Wizard Power, the work of the pioneer 
researchers, who demonstrated that research into commercial applications need 
not compromise scientific rigour, has been decisively justified.

The reputation of ANU as a national and international leader in solar energy 
research is something that has been built up over the past four decades, owing 
much to the original nine — four research engineering/physicists and five 
technical staff — who began to carve out a niche for solar energy research in 
1970. The legacy of Kaneff is tangible and measurable within CSES, ANU and 
the international discipline of solar energy research.

While Kaneff and the solar thermal team were working on the Big Dish, research 
into photovoltaics (PV) was also making ground. After what Luzzi describes 
as the ‘heydays of Australian PV’ in the mid 1980s, when Telecom (Telstra) 
led the world in the uptake of PV technology, there was a sharp decline in 
interest — and hence reduced support for further work in the area — when 
the Telecom infrastructure was superseded and dismantled in the early 1990s. 
The PV research group at ANU was initiated by Blakers in 1991, along with two 
doctoral students, Klaus Weber and Matthew Stocks. The PV research group 
remained wholly a university entity rather than falling under the management 
of ANUTECH. Whereas ANUTECH owned much of the equipment and 
infrastructure used by the solar thermal group, Blakers had the good fortune to 
start at the time when RSPhysSE was planning to establish a photolithographic 
laboratory. Blakers recalls that:

I knew how to set up semiconductor process laboratories, having 
established two previously, so I was given sufficient funds to establish 
a basic semiconductor laboratory and then I was reasonably successful 
with external grants which allowed me to populate that with PV-tuned 
equipment and people and so the group grew fairly quickly to about 15 
or so people in the mid-1990s through to the late 1990s. And then that 
grew up to 25 or 30 people when Origin [Boral Energy] came on board in 
1998. (Blakers, interview 2008)

From the outset, the PV research group had focused on multiple research themes, 
on the rationale that if one project was experiencing problems, there would 
be others to ensure research continuity. Two themes that have been constant 
areas of research since the early 1990s are research into silicon materials leading 
ultimately into silicon solar cell fabrication, and the development and application 
of thin crystalline silicon solar cells to get around the problem of expensive 
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hyper-pure silicon. The aim of the research is to reduce the silicon consumption 
per kilowatt from around 10 kilograms per kilowatt to below one kilogram per 
kilowatt range by using thin crystalline silicon solar cells.

Strength and common ground

In 1995 the PV group broadened to include trough concentrators and PV-
thermal hybrid systems. The aim was the supply of both solar electricity and 
solar hot water from the cooling water of the cells, which are subjected to 30 
times normal solar concentration at the focus of the trough, thus making it 
possible to greatly reduce the quantity of silicon needed per kilowatt of output.

The merging of the Department of Engineering’s solar activities into the CSES, in 
1997, resulted in an increased technical overlap between solar thermal and PV 
activities. Research in the design and characterisation of mirrors is one area in 
which PV and thermal research overlapped. During the 1990s, Johnston worked 
on the photogrammetric study of the exact shape of the Big Dish collector as a 
PhD student, under the formal and informal supervision of Blakers and Kaneff 
respectively. Johnston subsequently won a prestigious three-year Australian 
Research Council (ARC) postdoctoral fellowship. The focus of the fellowship 
was the development of mirrors for the trough concentrators being developed 
in a large project under the leadership of Blakers. The optical characterisation 
tools that Johnston developed during his PhD were integral to the optimisation 
of the GOML mirror technology. 

The election of a conservative Coalition government in 1996, under the 
leadership of John Howard, and its lack of interest in renewable energy, had 
a negative impact on solar research activities at ANU. An early action of the 
new government was the abolition of the Energy Research and Development 
Corporation (ERDC), which had been a major source of funding for solar research 
and development at ANU. There were, however, some positive developments for 
the ERC, nonetheless. 

By the time that Kaneff ceased work at ANU and its controlled entities, 35 
years had passed since he first introduced solar energy as a research area within 
RSPhysS. The physical legacy of the research of the solar energy pioneers is the 
large-scale projects — White Cliffs, the Molokai Albuquerque Project and the 
Big Dish systems — but, more importantly, in the application and adoption of 
their work in industry. ANU of 2005 bore very little resemblance to that of 1971, 
either in appearance or attitude, as far as solar energy research was concerned. 
As a key winner of both ARC grants and external funding, the CSES was treated 
as a serious research and teaching centre within the country’s leading university, 
rather than a technical workshop — the latter having been the perception 
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against which Kaneff, Carden, Inall, Williams and their colleagues had fought. 
Although Blakers acknowledges that he has faced negative comments regarding 
the commercialisation of their work, it has been nothing like the opposition 
faced by the early researchers. For Kaneff, though, the work still continues:

My ultimate objective is to have most of our energy come from the sun. 
And I believe it can be done, and I’m not obsessed with it, I know that 
it’s going to take a long time. (Kaneff, interview 2008)


