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Wolfgang Palz in front of the PV facade of the Fublic library of Matar6, Spain, in
1992. It was one of the first semitransparent solar facades in Europe, co-financed
by an EU programme.
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Hymn to the Sun

Your rays feed the fields

You shine and they live

They are abundant for you

You have created the seasons

So that all you have created can be alive
The winter for cooling,

The heat

How numerous are your actions

Mysterious in our eyes!

Only God, you who has no likeness

You have created the Earth as per your heart
When you were alone,

Man, all animals, domestic and wild,
Everything on Earth marching on feet
Everything in the sky flying with wings

The foreign countries, Syria and Nubia

And the land of Egypt

Akhenaton Pharaoh of EQypt 1378-1362 before our time

Nofretete, Echnaton and family, 14th century BC, Neues Museum, Berlin.
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Foreword

Hermann Scheer

Member of the German Bundestag, Berlin; President of the Association EUROSO-
LAR, Bonn and General Chairman of WCRE

Emancipation means liberation from mental and
physical dependencies so that people can go their
own free way. Unless this concerns merely one
individual goal, emancipation must be possible for
everybody. This means: emancipation must be
possible for everybody — along the lines of the
philosopher Kant’s central directive, his “categorical
imperative”: “Act only according to that maxim
whereby you can at the same time will that it should
become a universal law.” This imperative is the
basic value for any humane civilization. Many
believe that the ideal state this implies, involving
enhanced individual freedom coupled with an ori-
entation to the common weal, is desirable, yet never attainable. In the energy area,
though, it is largely attainable, namely by using photovoltaic technology.

This is a unique gift for humanity — a gift whose far-reaching significance
many have still to appreciate. With photovoltaics, it will be possible for roofs,
facades and — soon — windows as well to generate power; electricity will be
produced in equipment cases, in the bodies of cars, on the outer hulls of ships, on
the noise-protection walls of roads, on the outer surfaces of greenhouses, or on
outdoor terrain with vertical PV modules, under which grass cultures can grow
that remain suitable for grazing. Villages or even whole towns can thus be sup-
plied, either completely or very largely, with electricity. The dual functions of the
various usable surfaces mean that the cost of power generation will become min-
imal: everywhere on Earth and affordable for everyone — enabled by the unique
possibility of direct conversion of photons into electrons. We will then need fewer
and fewer power lines and no longer require gigawatt power plants — thanks to
electricity production without emissions, without noise and with no need for
water.

Over a century ago, the general emergence of electricity proved that it is a cul-
tural power. With PV technology, it is now turning into an emancipating cultural

Xix
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power. Yet the fact is that hardly anybody recognised this cultural potential in the
early days of PV technology, although the world’s best-known founding father of
electrical engineering — Thomas Alva Edison — had already described his vision
of power being produced in every house, i.e. on a decentralised basis. In the first
century of the history of electricity, however, it was the opposite approach that
practically won the day: ever larger power plants were built with ever longer
power lines, i.e. more and more centralisation. In Italian usage, power production
itself even became synonymous with major power stations, and a power plant is
called centrale.

Major power stations became the focus of thinking and action, as if their evo-
lution had been based on a natural law of economic energy. This was true even of
most PV specialists back in the early days of the 1950s, 60s and 70s. They devel-
oped PV technology for specific applications — like the power supply for satel-
lites sent into space. They failed to realise that they were working on a technology
that harbours the potential to revolutionise energy supply. Any technology is only
ever worth as much as there are people with enough imagination to appreciate its
actual utility and with a will to launch it into the real world. This does not happen
by itself, as is shown by the numerous examples of ignored and suppressed inven-
tions. The reasons for ignoring them usually lie in an underestimation of their
value and in mental barriers erected by conventional ways of thinking and by past
experience. Those who have power and markets to lose when a new development
is sighted generally have grounds for suppressing it.

Later, when wide-spread application of the new development is taken for
granted, people will ask why it took so long. Their questions will include: Who
ignored this technology, and why? Who got it on the road, and what were the
human sources of the emancipation from energy which is provided by big nuclear
and fossil-based power plants? As for who has been stonewalling, the answer is
clear: the losers in this development, i.e. the big electricity companies and pri-
mary-energy suppliers who will inevitably lose their supply monopoly. Besides
them, however, there are many others who lack the imagination to appreciate that
autonomous producers with countless PV systems could replace the few major
producers. And there were, and still are, many decision-makers who are all too
closely involved with the energy companies. For PV technology, what is needed is
social imagination and, above all, emancipatory motivation.

So, if society were to be mobilised for PV, the public would have to be
informed, thus laying bare the motives behind the stalling tactics. This required
courage and powers of persuasion, since the mere articulation of comprehensive
and long-term perspectives, and the refutation of the abundant disinformation about
PV were considered an attack on established energy interests. Hence, political
concepts had to be developed and put in place, smashing through the manifold
privileges granted to nuclear and fossil energy. The breakthrough for PV applica-
tion called for all-round activities. It took pioneering work on many fronts. A new
idea, after all, will only get off the ground if it has active supporters. An aphorism

Copyright © 2011 by Pan Stanford Publishing Pte. Ltd.



Foreword

by the satirist Stanislaw Lec runs: “Those who are ahead of their time often have
to wait for it in uncomfortable quarters.” In the technocratic discussion about
potentials, the only questions usually asked are those about the natural, techno-
logical and economic potentials of PV. But the most important potential issue is
that of the human potential: Who was, and who is motivated to mobilise the tech-
nological potential and to open and enter the channels for its dissemination? Who
spotted and seized the opportunity to enable PV to power the emancipation from
existential energy dependence?

The driving forces taking PV from lab to roof — in other words, the first big
steps on the road to practical applications — were local action groups, committed
to environmental protection and self-determination. They were no longer willing
to wait around for government initiatives. They had a justified distrust of the big
energy companies who were talking the public and governments into believing
that there are no alternatives to nuclear or coal-fired power stations. The action
groups wanted to prove that life can be different. They not only provided infor-
mation about the alternative, but also set landmark examples with practical
projects. They called upon and urged the political authorities to take initiatives of
their own. In a nutshell: they declared PV to be a public task that should no longer
be left to the big energy companies. That’s how it started in Germany: first of all
in just one city, and then in more and more cities. This trickle turned into a
swelling civil movement in the 1990s that placed the ethical demand for zero-emission
and independently produced electricity before the question of cost. These people were
thinking not only of the present, but also of the future, of individual freedom and the
common weal, of autonomy instead of heteronomy.

The spirit behind this emerged in the 1960s — in the movement that is gener-
ally referred to in Germany as the “68er”. It was an emancipation movement,
demanding equal civil rights for all races and genders, and rejecting bureaucratic
and technocratic patronage, war and the exploitation of people. The protests
against the Vietham war were the cement in this movement, from the US to
Western Europe. Many movements with different focuses emerged from this
spirit: the civil-rights movement, the peace movement, the feminist movement,
the third-world movement, the environmental movement. The jointly shared
experience was that, even in countries with democratic constitutions, govern-
ments were not willing to do what had to be expected of them. Without this back-
ground, it is not possible to explain the process that led in Germany to a popular
movement for renewable energies that helped create the democratic basis for leg-
islation to mobilise PV. But it was necessary to have players who would channel
the spirit of this new civil movement into PV — and renewables in general.

I am part of this emancipation movement from the 1960s. In 1969, I was one of
the leaders of the student movement at the University of Heidelberg where I was
president of the student parliament. Heidelberg was — alongside Berlin and
Frankfurt — one of the hotspots of student unrest in Germany, like the University
of Berkeley in California. This spirit marked my personal and social attitudes.

Copyright © 2011 by Pan Stanford Publishing Pte. Ltd.
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Nor did it forsake me in 1980 when I was elected to the German parliament — the
Bundestag — to which I have belonged ever since without interruption. In my
early years in parliament, I was a committed backer of nuclear disarmament. As
early as 1982, I became spokesman of my parliamentary group, and was later chair-
man of the Subcommittee on Disarmament and Arms Control. I was a member of
the Foreign Affairs Committee and had a reputation as a great foreign-policy tal-
ent. In 1986, I published my book “Die Befreiung von der Bombe” (Liberation from
the Bomb), in which I described a possible route toward a world free of nuclear
weapons. It met with a spectacular response; Germany’s leading political maga-
zine Der Spiegel — the German equivalent of the TIME Magazine — called it an
“icebreaker”.

Still, I was not only against nuclear weapons, but against nuclear-power
plants as well. I was also increasingly concerned with the issue of alternatives,
since I was aware that a future with fossil energy was no option either. In 1981, I
had read one of the earliest books on the looming CO, climate disaster. My imme-
diate conclusion was: we must focus our efforts on renewable energies. But here
were the energy experts saying that the potentials would not suffice to allow us to
do without nuclear power and/or fossil energy. My critical spirit, honed back in
the 1960s, told me not to believe this. I became curious about renewables. And a
mere second glance showed me: a world without nuclear power and fossil
energies is an option.

I asked politicians — in my party, in parliament or in the government —
who were responsible for energy policy why they did not focus their policy on
this perspective. I asked environmental organisations, but they, too, thought this
perspective was unrealistic. I contacted the few solar scientists around, and my
impression was that they as well were underestimating the potential — or that
they did not have the courage to formulate a more comprehensive perspective.
One told me: “If we manage to cover 10% of our energy needs from renewables
by 2050, you can consider yourself lucky.” I felt that all of this was faint-hearted.
So, I wrote my first article on solar energy in the mid-1980s, at a time when there
was talk everywhere of the “Star Wars” programme — the Strategic Defense
Initiative (SDI) of US president Reagan. My article bore the title “For an ecolog-
ical SDI — the Solar Development Initiative”: just as new armament technolo-
gies were being driven forward costing billions, so, too, must solar energy be
driven forward — as a political mission to defend our environment. Now I was
accused of morphing from realist to dreamer by embracing such an unrealistic
cause. One friend told me: “Why are you suddenly concerned with such an
unimportant issue?”

I increasingly came to realise that the precondition for a successful political
initiative to promote solar energy was to create a public climate that would enable
it to tear down the walls in people’s minds. And it also became clear that this
subject must not simply be left to the big energy companies, the energy politicians
and conventional energy science. This is why I set up EUROSOLAR in 1988 — the
European Association for Renewable Energy — and became its president, which
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I still am today. The founding document talked of the “reality-based vision” of a
solar age: the vision of a complete substitution of nuclear and fossil energies with
renewables. Politicians, scientists and entrepreneurs became members of
EUROSOLAR. The two most important tasks we set ourselves were to enlighten
the public about this reality-based vision, and to work on political concepts for
action as well as draft legislation to promote renewable energies. A short time
later, I withdrew from my foreign-policy offices in parliament and focused
entirely on being a source of public and political inspiration for the historic
energy turnaround. The year 1989 brought the first political success: I authored
a resolution for parliament which was to prioritise the promotion of solar energy
in research and development policy. This resolution was passed unanimously by
the Bundestag. Although it was never implemented in its entirety, one immedi-
ate practical consequence at least was the 1000 Roofs Photovoltaic Programme
of the German Federal Government — the first systematic PV market-launch
programme — as well as the 250-MW wind energy programme. I launched an
in-depth round of lectures with about 200 talks a year — at party assemblies and
for action groups, environmental organizations and universities. Media atten-
tion increased, with Franz Alt, a TV journalist, and his programmes becoming
pioneers. Among the environmental organisations, too, calls for political
promotion of solar energy grew louder. Also, the number of my colleagues in
parliament — especially from my own party — who had become curious now
grew, and I was asked to give talks in their constituencies. In this way, the sup-
port base expanded in public and in my party, the Social Democrats (SPD), one
of the two major parties in Germany.

The year 1990 saw the second success: in an effort mounted together with
several members of parliament from the other major party (the Christian
Democratic Union/Christian Social Union, CDU/CSU) and one member from
the Greens (Wolfgang Daniels) — who had likewise become members of
EUROSOLAR — the first feed-in tariff law for renewable energies came into
being. In September 1990, the bill was adopted by parliament. It regulated
guaranteed grid access for electricity from renewables supplied by independ-
ent producers and guaranteed a feed-in price of between 75% and 90% of the
underlying electricity price. We had persistently urged that this law be passed
— in the Bundestag and in the Bundesrat, the legislative chamber representing
Germany’s federal states. Important support came from Reimut Jochimsen, the
economics minister of North Rhine-Westphalia, Germany’s largest federal
state. At the time, he was chairman of the conference of economics ministers,
and I had persuaded him in several talks to support this law. This opened the
road for a steady rise in wind-power investment. For PV electricity, though,
the feed-in tariff was not yet attractive enough. Still, it was not possible to
achieve any more in those days. Up to the very last minute, the big electricity
companies tried to frustrate the legislation. It was later said that, had they
known how important this law was to become, their resistance would have
been insurmountable.
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The next step was a pinpointed mobilization for PV’s market launch. To this
end, I presented for the first time in 1993 a draft for a 100000 Roofs Photovoltaic
Programme. It seemed utopian even to the representatives of the still very small
PV industry. My argument was: if we wanted to gain more support for the solar
perspective in politics and society, big steps would have to be demanded. After
all, only few people are interested in small steps, and the underestimation of solar
energy could not be overcome that way. This convinced my party’s youth organ-
ization, to start with, and it mounted a solar campaign and declared my book
“A Solar Manifesto” published in 1993 to be “required reading”.

It dealt, not with technologies in renewable energies, but with a policy for
such energies, the declared aim being a complete transformation of the energy
supply toward the use of renewables: 100%! This book became a bestseller in
Germany with a total of eight print runs. It gave a political voice to the commit-
ment for renewable energy. It defined ignorance about renewable energies as a
“mistake of the century”, and revealed the disproportion between the political
promotion of renewables at the lowest political level and the political promo-
tion of nuclear power and fossil energies at the highest level. And it disclosed
the reasons and methods behind the resistance and the obstruction of renew-
ables, including the technological pessimism in their regard, which was in stark
contrast to the technological optimism in favour of any other technology. This
book evolved into a reference work for many players in political parties, for
policy-makers at local-government level, for companies and also for scientists,
all of whom were inspired by it. Above all, it offered stimulus for a solar move-
ment. Such a movement had existed in California in the 1970s, but had largely
withered away in the 1980s in the wake of the roll-back of renewable energies
during the Reagan administration. In California, too, it had been marked by the
spirit of the 1960s. What had died away there was now revived in Germany.
And the most concrete, practical medium at grassroots level is photovoltaic
technology.

When I brought the 100000 Roofs Photovoltaic Programme into the public
debate in order to open the doors for industrial mass PV production, the Federal
Government’s 1989 1000 Roofs Photovoltaic Programme had long since come to
an end. But there was still no chance of a political implementation of this more far-
reaching concept. Even Siemens-Solar, at that time the best-known German man-
ufacturer of PV cells and modules, declared the concept to be immoderate. At
local-government level, however, more and more activities were getting under
way. People were setting up solar clubs. One of these was the solar-promotion
club in Aachen in North Rhine-Westphalia run by Wolf von Fabeck, a former army
officer, as the driving force. He called for a “cost-covering price” according to the
feed-in tariff principle for people who had installed a PV system. The Aachen city
council took this up in 1994 and decided that its municipal utility should pay DM
1.80 per kilowatt hour of solar power fed into the city’s grid. But the new economics
minister of North Rhine-Westphalia initially refused to grant his approval.
I then talked to his prime minister, Johannes Rau, and was able to win him over
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for an approval. In the course of the next four years, more than 40 towns and cities
followed Aachen’s example. One of the towns was Hammelburg in Bavaria,
where a local action group had formed. Like many others, it had invited me to
give a talk in their town. This is where I met Hans-Josef Fell in 1995. He was coun-
cillor there, a member of the Green party and the engine behind cost-covering
prices in his community. He became a member of EUROSOLAR. These local ini-
tiatives made a crucial contribution toward launching a public wave of support
for PV. They created a local base for a PV market. Without them, it is unlikely that
the still-small PV industry of the 1990s would have survived in Germany. The
“baby” had become a toddler.

1998 was the key year for the next big steps that were to make Germany a
force to be reckoned with in PV. The outcome of the general elections brought a
majority for the SPD and the Greens who together formed the new Federal
Government. Previously — in April 1998 — I had succeeded in anchoring both the
100000 Roofs Photovoltaic Programme and the feed-in law for renewable energies
in the SPD’s election manifesto. This nearly faltered because, just a few days
before the meeting of the SPD executive that was crucial for this thrust,
Greenpeace published a demand for a 50 000 roofs PV programme. So I was asked
at the meeting of SPD leaders why the SPD should demand more than even
Greenpeace, but I won the day with the argument that we should be thinking of
industrial mobilization for such a very big step. Although I prevailed with my
demand for 100000 PV roofs, it was missing initially in the government pro-
gramme drawn up by the SPD and the Greens after the election. I then demanded
subsequent negotiations and was able to push this point through at the last
minute. I realised that this was the time to act, and that the programme had to be
translated into practice at once. But this, too, was extremely difficult, since the
new government had resolved not to pass its new budget until June 1999, i.e. not
until eight months later. That was dangerous for the PV industry. All those pur-
chasing PV systems would then have an eight-month wait for the programme to
start, so that there would be no orders for PV systems during that time. This is
why I contacted the state-run KfW development loan corporation to ask whether
it might be willing to pre-finance the programme so that it could get started
straight away. This was accepted. Within a few days, I drafted the programme,
together with the KfW, the finance ministry — Oskar Lafontaine, who supported
the programme personally, had become the new finance minister — and two
Green members of parliament. One of these was Hans-Josef Fell, who had been
elected to the Bundestag in 1998 and who has since become my most important
fellow campaigner in parliament. The programme started on 1 January 1999. This
is the date of birth worldwide of industrial mass PV production. The first system
under this programme was installed on my garage on 2 January, next to a system
that I already had on my roof. By contrast, all other mass programmes that had
been previously proposed remained on paper. My first proposal for a 100 000 Roofs
Photovoltaic Programme from the year 1993 had been taken up in 1995 by Peter
Michael Mombaur, MEP, who in a report for the European Parliament recommended
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a 100000 roofs programme for the EU. In 1997, US President Bill Clinton spoke out
in favour of a one-million roofs programme, and Mechtild Rothe, MEP, demanded
this for the EU as well. But none of these initiatives were ever implemented in
practice.

The 100000 Roofs Photovoltaic Programme was a zero-interest scheme, with
the government paying the difference between zero interest and a loan’s market
interest rate. In the first two years, nothing had to be repaid, and repayments were
to be made between years three and ten, at 12.5% each. The final instalment was
to be waived. But this by itself was not yet enough to generate a wide movement
on the market. To provide a further boost, we also wanted to increase the feed-in
tariff. This needed legislation, and our aim here was to extend the existing
Electricity Feed Act. From the government, there was no initiative to be expected
for this. Oskar Lafontaine had resigned as finance minister. So, we had to take the
initiative ourselves. Starting in the summer of 1999, four Bundestag members
worked out a draft bill: Dietmar Schiitz and I for the SPD parliamentary group
and Michaele Hustedt and Hans-Josef Fell for the Green parliamentary group.
This was how the draft Renewable Energy Act (EEG) came about for which we
were able to win over our parliamentary groups in the autumn of 1999. The final
vote on the bill was scheduled for 25 February 2000. For PV — in addition to the
grants for the 100 000 Roofs Photovoltaic Programme — we pencilled in a guaran-
teed price of 99 pfennigs per kilowatt hour. Even this seemed utopian to nearly
everyone. To help ensure a majority in both government parliamentary groups,
we limited this to the quantity of the already running 100000 Roofs Photovoltaic
Programme. This got us a majority. But the biggest political hurdle to be taken
came out of the blue two weeks before the final vote in parliament: the cabinet
called upon us to seek the approval of the EU Commissioner for Competition
before we adopted the Programme. The reason given was that the Renewable
Energy Act would violate the EU’s market rules, and it was not compatible with
European law. This was a last-minute attempt to torpedo the law.

The days that followed were like a High Noon situation in a Western. The tie-
breaker was how the SPD parliamentary group would respond, meaning the
larger parliamentary group in the government. In this situation, the economics
minister and the new finance minister suggested postponing the vote on the bill
and negotiating with the EU Commission first. I knew only too well that this
would spell the end of the bill. Things came to verbal blows between ministers
and myself in the parliamentary-group session three days ahead of the envisaged
final vote in parliament. I moved to bring the bill to the final vote unchanged and
without delay, and won the vote by about 90%. The Act became effective on 1
April 2000. But the conflict was far from over. As early as 7 April, the EU
Commission filed a lawsuit against the Act on which the European Court of
Justice then had to pass a judgement. Eleven months later, on 13 March 2001, the
Court of Justice dismissed the lawsuit. This meant that the Renewable Energy Act
was off the ground — along with PV.
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When the Act was up and running, there was total installed PV capacity of
50 MW in Germany. By comparison: new installations in the year 2009 alone were
more than 3000 MW. Not only the German PV sector, but the worldwide PV
industry, including America’s, China’s and Japan’s, owe their upswing to the
German market — and all of them are indebted to the Act for the last decade’s
rapid falls in prices, which are now already in the neighbourhood of grid parity.
To get this far — always by way of parliamentary initiatives with ever-new joint
thrusts along with Hans-Josef Fell and a growing number of other MPs, and
always against the resistance of the electricity industry and one-dimensional
economic-science institutions — we successively lifted the restrictions on PV in
the Renewable Energy Act: first from 300 MW to 750 MW and then — starting in
2009 — without any quantity limitations. In the Bundestag, there was a EUROSO-
LAR group of parliamentarians.

This also helped get the PV industry off the ground. I remember the European
photovoltaic conference I chaired in Glasgow in May 2000. This conference was
held after the start of the 100000 Roofs Photovoltaic Programme and the
Renewable Energy Act. Some of the PV firms attending the event showed initial
reserve. For years they had been accustomed to producing for market niches, and
they were used to that. Now they, too, were being called upon to act: with new
investment in a market that was now widening up. But all too often, they had
experienced political “go-and-stop” programmes. They didn’t trust the new
opportunities and suspected that another political stop was just around the cor-
ner. There were also many political attempts being made to halt this development
again. They are still being made — even in Germany.

Political advocates in parliament have again and again successfully countered
such attempts. For this, action was needed on all fronts of the conflict: at the polit-
ical front in parliament, in the media, and also on the legal front. The energy com-
panies tried for years to bypass the legal provisions. There were countless lawsuits
before the courts. For this reason, it had become important to change the prevail-
ing opinion among legal scholars and in legal literature. This prompted me in
1997, along with several lawyers and law professors, to found the law periodical
Zeitschrift fiir Neues Energierecht (Magazine for New Energy Law), which has been
appearing ever since. It has made a crucial contribution toward changing the legal
culture in favour of renewable energies.

Our most important ally in the course of time was public opinion, which was
now listening more to the many grassroots initiatives than to the warnings of the
big electricity companies. The latter spent many millions on their disinformation
campaigns to scare people away from renewable energies. We fought them with a
better idea: with the higher humanitarian value of renewable energies for society.
The PV systems on countless roofs that all of us see everywhere convey a new
hope. It is the hope that many people can take their energy future into their own
hands — and that they need not wait for the results of global climate negotiations.
It is the now tangible opportunity for energy emancipation from big, anonymous
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structures. PV as energy for the people, by the people. This struggle is not yet over.
Now that electricity companies have failed with their original strategy of ignoring
or ridiculing PV, they are now busy developing a new strategy. Large solar power
plants and large wind farms — wherever possible off-shore — are set to replace
the big nuclear and fossil power stations. These companies want to preserve their
supply monopoly. The future will be marked by the conflict between centralised
and decentralised systems. The companies were able to prevail for a century with
their big centralised power plants because they could generate electricity at lower
cost thanks to the large quantities generated. But these economies of scale cannot
be ported to PV: for PV, the economies come from increasing quantities in mate-
rial and cell production — irrespective of whether the modules are for decen-
tralised installation on roofs or centralised on large surfaces. Indeed, a large-scale
industry for solar cells cannot prevent solar modules being installed on a decen-
tralised basis. This means: neither technical nor economic barriers exist to energy
emancipation, and any barrier that exists is a neutral one. Decentralised or
centralised: that is the offset between autonomy or dependence, freedom or com-
pulsion. This is why PV technology and decentralization cannot be stopped. It
will come because the need for freedom will win the upper hand — at all events
when its implementation does not harm our fellow beings, but is also for their
benefit. That is why PV is an opportunity for humanity.
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This book is about power, electric power. Electricity is synonymous of light, it is
something precious. Our whole civilisation is built on it.

Electricity for lighting became in general use only in the 20" century — when
industrialisation started in earnest in the 19" century it took place in the ‘dark’.

After the electricity revolution that was started at the very end of the
19" century by Thomas Edison in New York, our 215 century that we just
started will bring us another revolution: in the course of this very century our
electricity will have become ‘Solar Power’. The ‘oil age’ that started in 1848 in
Baku will be coming to its definitive end in the foreseeable future. It will be
displaced by the ‘Solar Age’ for a more sustainable World.

The coming World of Solar Electricity will be dominated by ‘Photovoltaics,
PV’. Just some years ago you would have immediately stopped going further on
in this text: understanding electricity is already difficult enough — PV must then
be something for the very specialised engineer.

By now things have changed. Millions of ordinary people from around the
World have become involved in PV as investors, producers or buyers; over a hun-
dred thousand new jobs were newly created in a global market in just a few years’
time. Some people even got very rich with it.

And this is just the beginning: the prospects for PV are tremendous; global
business will soon reach 100 billion USD per year and more.

The Photovoltaic effect was already discovered in Paris in 1839 long before
conventional electricity started to conquer the World. But it remained a dream of
some enthusiasts. By now in 2010, with PV’s extraordinary market success, the
time of the PV pioneers — in the technical, ethical, political, financial, industrial,
commercial, or social sense — is coming to an end. Hence, it was timely to make
the effort to keep at least some of it on record in this book.

But this book cannot more than to shed a little light on something tremendously
big. You need an encyclopaedia to keep a full record of all the things that happened
in PV and that are more than ever in progress: PV Conferences almost every day
somewhere around the globe, newsletters, and meetings — the ‘CO, footprint’, as it
is called by the environmentalists, is not so good for PV these days.

I was personally involved in PV since 1961 and never gave up my enthusiasm
for it and never stopped working for its development. Already my thesis work as
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Baku where the ‘Oil Age’ began in 1848. Picture taken in 2009 with W.Palz on the left, Walter Sandtner
on the right and colleagues.

a physicist at Karlsruhe University in Germany was on PV. So today I have
become one of the oldest experts still active in the PV business.

This book has been written for the interested layman; a complicated story
made simple and entertaining. Obviously I had to include my own experience on
PV — but this is by no means the story of my life; that would again be another
story...

The PV experts, too, can learn in this book some facts and figures they cannot
find on the internet or in the specialised meetings they are used to attend. I hope
they will enjoy reading and find themselves more than gratified to have chosen
PV for their professional life.

A great asset of the book are the original contributions from many pioneers
around the World who were and still are convinced actors and fighters for our all
ethical endeavour: Solar Power.

These texts are not edited and were contributed under the authors’ own
responsibility. They provide a lot of colour to our book, not only because of the
many nice pictures that illustrate their own experience.

I'am more than grateful that all these colleagues and friends accepted my invi-
tation to make the effort to remember all their ‘deeds’. I am sure you will have fun
reading these articles that give a taste about PV also from angles you would never
have thought of: what is the relation of PV with the cathedral in Cologne; or what
is the relation of PV with piano builders in Cincinatti?

I also take this opportunity to thank the publisher in Singapore to put all that
together. Without his insistence I would not have done it. And eventually I had
great fun doing it.
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Chapter 1

The Rising Sun in a Developing World

1. Electric Power, a Pillar of Modern Society
1.1 Electricity in Today’s Life

We are so used to the electricity around us that we could hardly imagine a life
without it. Powering communications, lighting, appliances and industrial
processes, electricity is everywhere. Even in heating and transport sectors,
electricity is making inroads: electric heat pumps and electric or hybrid automobiles
combining a combustion engine and an electric motor are currently attracting
enormous interest.

It is true, however, that without electric power we would not go back to the
Stone Age, but rather to the end of the 19th century — before then, nobody had
electricity (well, as we will see later, just a little for communication purposes). This
is only 130 years ago. The fountains of Versailles had to work without electricity;
even the elevators of the Eiffel Tower in Paris can run without electric power
because it did not exist at the end of the 19th century when it was built.

Modern civilisation would not be what it is today without the availability of
electric power; it makes our lives a lot more convenient and comfortable. And
electricity is also one of the reasons we live longer and healthier lives — just con-
sider the electric equipment used in hospitals and dental clinics for instance.

1.2 The Conventional World of Electricity

Electric energy is a good and has to be paid for by every user. The bill comes in
units of kilowatt hours (kWh); the unit cost varies from country to country and
ranges between 10 and 35 US cents, including taxes.

Power for the World by W. Palz
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Electric power is the capacity installed to deliver this energy. In a home it
amounts to a few kilowatts (kW), depending on the size and the consumption
level of the family. Electricity is currently produced in central power plants far
away from its consumers. The power capacity of such plants may reach up to
5 million kW, with up to 1 million kW per single block.

If the nameplate capacity of a power plant is 1 million kW, it will generate,
when operated, 1 million kWh of electricity in one hour. The layman is often con-
fused about the difference between kW and kWh. Consider a cow and the milk it
produces: there are cows that can produce a lot of milk, and others that have a
smaller capacity; that capacity can be compared with the capacity of a power plant
to produce electricity, measured in kW. The electric energy produced corresponds
to the milk; that quantity is measured in kWh.

Most of the conventional fuels that are at present employed to generate elec-
tric energy are lost in the conversion process, not only because of the “Carnot effi-
ciency laws” but also because they are not optimised. Currently, half of global
greenhouse gas emissions are produced by power plants. Most of the electricity
produced is lost or wasted, too, and only a fraction is actually used.

Electricity transmission is a major source of the wastage. Transmission lines
are costly to build, adversely impact the landscape tremendously, affect the
health of people living nearby, and occupy huge areas of land. Electricity is
presently transported back and forth in huge quantities over long distances
across the globe’s international networks.

Trade in electricity depends on the prices quoted on specialised exchanges
for electric energy, and these may vary hour by hour. One example is
Switzerland, where hydroelectricity is available to cover 60 percent of national
consumption — but half of that is exported. The result is that consumers in
Germany, say, may claim that they only consume electricity from renewable
sources, while Swiss consumers, without knowing what is going on, are getting
imported electricity generated by nuclear and coal-fired power stations.

You may want to call this the absurdity of the liberalised energy market.
However, in the conventional energy system we have today, it makes sense
since it may be better to transport great distances electricity produced from a
nuclear source — which cannot be modulated easily for technical reasons — to
spare stored hydroelectricity at a particular point in time instead of wasting it.
We will see later why it is so important to promote decentralised solar power
to reduce the need for power lines.

At the consumer level, much progress has been made to reduce energy
wastage and inefficiency in electric appliances. This has been achieved both
through technological advancements and by encouraging energy efficiency
through labelling on products. From everything from light bulbs to entire
buildings, the trend has been on increasing awareness and reducing energy
consumption.

Today, some 4500 million kW of electric power capacity is installed world-
wide. The US, China and the European Union are the largest consumers,
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accounting for more than 20 percent each of the total electric energy produced.
The majority of today’s power plants are fuelled by coal, oil or gas; equal shares
from large hydro and atomic power plants make up the remainder. Wind power
capacity installed worldwide amounts to 150 million kW; all of it was installed
during the last 15 years. The current total PV capacity — another newcomer
and the subject of this book — has reached just 20 million kW to date. There is
a clear trend: over the last few years PV and wind power have enjoyed the
highest growth rates globally, and nuclear has expanded the least.

More than 99 percent of global electricity is presently produced via
mechanical energy conversion. As a rule, generators are driven by turbines,
which is even the case with the cleaner renewable power systems such as solar
thermal plants, geothermal power plants, wind farms and bio-power plants of
various types.

One should note that mechanical power was available to man long before
electricity was “invented”. Even before the development of the steam engine,
which eventually led to the industrialisation of the 19th century in Britain,
Germany and the US, and beyond, mechanical power was used in wind — and
water mills. And let us not forget the power generated by horses: even now,
mechanical power is often measured in horsepower.

By comparison, electric energy was the “nobility” among energies, and it
took time for it to become accepted by the market. Railway trains were pow-
ered for almost a hundred years by mechanical engines before they became
electrical — and a lot cleaner. Displacing the fuel-driven engine in cars is prov-
ing even more difficult and may never succeed completely. Indeed, one thing is
already clear: direct solar PV will never make it into the aircraft sector, while
derived forms of energy will.

1.3 Solar PV: A Part of the New Semiconductor World

We should emphasise at this point that photovoltaic solar power is the only source
of electrical energy generation that can do without a mechanical engine: it
employs a semiconductor and the Sun’s rays as the only fuel. Is it the action of
light, “the visible hands” of the Sun, the sustainer of life, that convinced the
Vatican in Rome to put as much PV power on its buildings as possible?

It’s clear that PV stands firmly at the intersection of modern electric power
and semiconductor technology. Semiconductors have developed, next to electric-
ity, into another pillar of modern society. As a semiconductor physicist, I observe
this with satisfaction; when I was a student, semiconductors occupied niche mar-
kets only. Eventually, amplifiers and television sets did away with their vacuum
tubes; mechanical switches and relays were displaced by electronic chips; mon-
ster-sized computers were miniaturised; telephone connections became cheap.
Semiconductors were at the forefront of the social revolution that occurred
worldwide with the emergence of cellular phones and the Internet.
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Semiconductors are now everywhere: in LED lamps, displays, cameras, TVs,
computers and solid-state lasers.

PV is an integral part of the semiconductor world. Today’s global produc-
tion volume of silicon solar cells has already equalled the amount of silicon
employed for electronic chips. Optoelectronic devices that employ compounds
different from silicon, as far as they are concerned, belong to the same family of
semiconductor materials as the high-efficiency solar cells that are needed for
applications in generators for space satellites and for PV concentrator systems.
It is also worth pointing out that all the many space applications we have
today — satellites for communication, television, the Internet, meteorology,
GPS, not to mention spy satellites — would not be possible without PV. In
space, for a long time, PV has had no competition.

2. Looking Back to Light the Future
2.1 The Emergence of Electricity

The modern age of electricity started on September 4, 1882. That day in New York,
Thomas Edison switched on the world’s first power plant, with a capacity of
600 kW. Not only had Edison’s company created a power plant, but he had put
together everything that goes with it: a cable network for distribution, electricity
counters, fuses, and a network of consumers. The electricity was exclusively
utilised to power some electric light bulbs. That was what Edison was really inter-
ested in promoting. He had spent years developing a commercially viable incan-
descent bulb, something that was completely new for the time. The event became
the subject of enormous public interest: ordinary people began to understand the
future possibilities of electric power.

To this day, it is not uncommon for electricity providers to have “power and
light” and “Edison” in their names. When people refer to electricity in some coun-
tries, they speak about light; after all, electricity is something abstract, something
one cannot see, while light is the first application people are interested in. Before
that momentous day, petroleum lamps were employed for most indoor uses, and
gas lamps provided street lighting. After Edison unveiled his first power plant,
electricity went global very quickly: Paris had its first power plant in 1888; by
1900, the Parisian Metro had already gone electric.

It is important to realise how recent the availability of electricity to us really
is. When my own father was born, at the end of the 19th century, the family had
no electricity — because nobody anywhere had electricity! Even today, with
nearly 7 billion of us, one in four still have no electricity, neither for lighting nor
comfort — not even for basic survival. We will return to this subject later in this
book.

Edison’s electric generator was powered by a steam engine. He built this
generator, called a dynamo, himself. It was the central piece of the whole
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enterprise. But it was not his invention. The generator had many fathers, starting
with Michael Faraday, who built a small prototype in 1831 in England. Later, a
generator was developed in Belgium that was used in a limited way as early as
1849 for the lights of lighthouses and to produce a hydrogen fuel.

An important milestone in this development was the invention of the
dynamo-electric effect in 1866 by Werner von Siemens. It was he who built the first
dynamo. It did not work well enough, however, and it enjoyed some commercial
success in the 1870s in France only after the Belgian Gramme had improved it. It
is interesting to note that, up until the present, the companies formed by Werner
von Siemens in Germany under his own name and the General Electric company
(GE) created by Edison in the US have maintained a dominant position in the
global electricity sector.

Before electricity revolutionised the lighting sector, it laid the basis for another
strategic sector: communication. In concrete terms, it was the telegraph, running
on “low-power” electricity, that brought countries and people closer together,
from the mid-1800s onwards. Electric signals were transmitted through cables.
(Wireless communication became possible only after Heinrich Hertz discovered
electromagnetic waves in 1887. I am proud to say that when studying physics in
Karlsruhe, Germany, the auditorium we used was Hertz’s former laboratory.)
The source of electricity for that purpose was a Galvanic cell, or “Voltaic pile”. The
electrochemical battery, put together around the year 1800, was actually the first

b
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Figure 1. The beginning of electricity in the service of mankind: Volta’s electrochemical
pile of zinc and silver pallets as shown in 1800 to Napoleon, a big event in those days. The
picture illustrates why it is called a “pile”. Accordingly, some French people still refer to a
solar cell as a “photopile”.
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invention of electricity for man’s needs. The inventor was the Italian physicist
Alessandro Volta.

Thus, the first important use of electricity was associated with the development
of cable networks for the telegraph. The immediate transmission of information was
a revolution at that time. Siemens, who had created a telegraph company in 1847,
first had to connect Berlin, the residence of the Prussian Government, with
Frankfurt, the seat of the German National Assembly. Later, he was involved in lay-
ing cables from London via Berlin all the way to India, and then underwater from
Europe to the US. Edison also started his career in the telegraph business. As early
as the 1870s, the telegraph was welcomed by stock market speculators in the US, in
particular the gold market.

2.2 From the ““Voltaic Pile”” to the Photovoltaic Cell

The photovoltaic effect was first observed in Paris in 1839 when a young man
played around with a Voltaic cell. That year, just 19 years old, Edmond Becquerel
reported in Les Comptes Rendus de I’ Académie des Sciences “the production of an
electric current when two plates of platinum or gold diving in an acid, neutral, or
alkaline solution are exposed in an uneven way to solar radiation.”

At that time, Edmond Becquerel was an assistant to his father, Antoine, who
had been appointed, the year before, to the chair of applied physics at the
Muséum National d’Histoire Naturelle in Paris. (Becquerel is also a famous name
in nuclear physics — in association not with Edmond, but with his son Henry,
who received a Nobel Prize with the Curies.) The building still exists today and I
am currently living within walking distance from it in central Paris. In 1868,
Edmond Becquerel published the book La lumiére, ses causes et ses effets (Light, its
origins and its effects).

Figure 2. Edmond Becquerel, the discoverer of the PV effect in 1839.
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The BBC in London — surprisingly, not French TV — produced a programme
to mark the 150th anniversary of Becquerel’s discovery that was inspired by the
late Prof. Bob Hill, a pioneer of PV research. That same year, on his suggestion, I
established, as an official of the EU Commission in Brussels, the “European
Becquerel Prize for Merits in Photovoltaics”. Since then, the prize has been
awarded, on a yearly basis, to the VIPs in European PV research — though not
exclusively: among the winners there are also two Americans, a Japanese, and a
Russian.

I should mention just a few of the outstanding winners: the late Roger van
Overstraeten from Leuven in Belgium, a wonderful friend of mine and chief
adviser of the EU’s R&D programme on PV under my responsibility; the late
Werner Bloss from Stuttgart, a lifelong advocate of thin-film cells; Antonio Luque
from Madrid, a great scientist working on solar cells and solar concentrators;
Morton Prince from the US, a member of the team that developed the first silicon
solar cells in 1954 and long-time manager of the PV programme of the US
Administration in Washington; the late Karlheinz Krebs, an EU official from the
Joint Research Centre in Italy, Europe’s key promoter of PV certification; Adolf
Goetzberger, the founder of the Fraunhofer Institute for Solar Energy Systems
(ISE), the first solar energy institute in Germany and an important promoter of the
International Solar Energy Society (ISES), the world’s oldest solar energy associa-
tion; Walter Sandtner, long-time head of the PV programme in the German
Ministry of Research and Technology and initiator of the 1000 PV Roof
Programme; Viacheslav Andreev from St. Petersburg, Russia, a world leader in
high-efficiency cells; Masafumi Yamaguchi from Toyota in Japan, a record holder
in solar cell efficiency; Richard Swanson from the US, a silicon solar cell pioneer
and record holder in silicon cell efficiency; and Mechtild Rothe, a prominent
Member of the European Parliament and great fighter for PV and renewable
energies in the political arena.

The Becquerel Prize is solemnly awarded at the Opening Ceremony of the
European Photovoltaic Solar Energy Conferences. These yearly conferences are
currently the largest specialist meetings on PV in the world. With more than
4000 registered participants from 75 nations and 50 000 visitors to the associated
exhibition attending, it is bigger than events like the America’s Cup! This series
of conferences was set up in 1977 by a group from the EU Commission in
Brussels: Dr. Giinter Schuster, the Director General for R&D; Albert Strub, the
Director for Energy R&D; Roger van Overstraeten, our Chief Advisor; and
myself. Later, Peter Helm became the driving force behind developing the con-
ference into the world’s leading event in PV. The field owes much to Becquerel,
the Becquerel Prize, the Prize winners, and the European Conferences that serve
as a forum for them.

In 1849, ten years after its discovery by Becquerel, Alfred Smee coined the
term “photovoltaic” effect in London: “Upon exposing the apparatus to intense
light, the galvanometer was instantly deflected showing that the light had set in
motion a voltaic current which I propose to call a photovoltaic circuit”.

Copyright © 2011 by Pan Stanford Publishing Pte. Ltd.

7



8

Power for the World

The photovoltaic effect in solid-state matter, the semiconductor selenium,
was first found by Charles Fritts in New York in 1883. He produced the first
solar cell by coating the selenium with a transparent gold layer. His work had
been preceded in the 1870s by the work of W. Smith, W. G. Adams and R. E. Day
in Britain, who discovered photoelectricity in selenium.

The big question that remained was understanding and interpreting photo-
electricity and photovoltaics. The knowledge we have acquired since those days
is that photo-electricity is due to the action of the photons of light: each incident
and absorbed photon creates one mobile electron that contributes to electric
conductivity in the solid. In addition, a “barrier” layer is necessary for charge
separation to create a voltage. The barrier layer can be “built in” by doping the
semiconductor, a process that is employed not only in solar cells but also in all
the active elements of a silicon or other type of semiconductor chip. The barrier
layer appears also through contact with a metal or some other type of solid
matter. In Fritts” experiment it was gold.

Only in 1897 was the existence of the electron proven by Joseph John
Thomson. But previously, various authors, such as Heinrich Hertz or Wilhelm
Hallwacks in Germany, had worked on the “external photo-effect”, the emission
of electrons by the action of light. In 1900, Philip Lenard found that the speed of
emitted electrons is a direct function of the frequency of the light. That same
year brought a discovery of fundamental importance: that light is composed of
individual particles or quanta, called photons, and that their energy is directly
proportional to the frequency of the radiation. That discovery was due to
another German, Max Planck.

One only had to combine these discoveries to understand photoconductiv-
ity. One reason why Albert Einstein got the Nobel Prize in 1921 was his interpre-
tation of the external photo-effect, the “emission of electrons” by the action of
radiation. But this was not yet the interpretation of photovoltaics. As already
mentioned, that also has to do with charge separation of the light-induced
electrons by an internal field effect inside the semiconductor.

There was a time when electron emission found important industrial
applications: one should keep in mind that long before semiconductor chips
acquired the role they have today — the transistor was developed only in 1954 — the
key component of electronics was the vacuum tube. Its operation is based on the
cathode emission of electrons, though not by radiation but by heat.

An interpretation of the photovoltaic effect in semiconductor/metal con-
tacts was given by Walter Schottky at Siemens in Germany in 1930. Everything
is connected: Schottky was a doctoral student of Max Planck. “Schottky diodes”
are still extensively used today. The preferred semiconductors of those days
were selenium and cuprous oxide. Silicon, which currently dominates the solar
cell market as well as most of the semiconductor chip market, was not yet avail-
able in sufficiently high purity at that time.

The understanding of the p-n junction, the classical cell produced by the
doping of the pure semiconductor, is due to Russell Ohl, working at Bell
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Laboratories in New Jersey, US. In 1941, he filed the patent for the modern solar
cell; the patent was granted in the US five years later. He produced some silicon
cells himself, but the efficiency was too low to be of any practical use. Achieving
silicon crystals of sufficient purity had to wait for the work of Calvin Fuller, also
at Bell Labs. Doping them with boron led to the first practical silicon solar cell in
1953. Associated with his work were Daryl Chapin, Gerald Pearson, Walter
Brattain, Morton Prince, and William Shockley, all at Bell Labs.

Public opinion in those days understood well the importance of the emer-
gence of the first practical solar cell: when the invention became known in 1954,
the New York Times had it on the front page.

2.3 Photovoliaic Power: The First Steps

Some people claim that Werner von Siemens was the first to understand the
importance of PV for electricity generation on a large scale. I glanced through
Siemens’ autobiography myself and could not find any mention of PV. Siemens
was interested in the dynamo generator, of which he discovered the principle, in
the Stirling engine, and then oil exploration when coming to Baku — but not PV.
In his day, the solid-state PV battery had not even been invented.

Still, it is true that in the second half of the 19th century, as coal and oil has just
begun to displace wood and conquer the energy markets, people expressed con-
cern that these fossil resources were limited. This may explain why the Frenchman
Mouchot’s solar steam engine attracted enormous public interest: in 1866 he was
invited to show his invention to the French Emperor, and 12 years later at the Paris
Universal Exhibition. After Hermann Scheer founded the EUROSOLAR associa-
tion in Bonn, he established the “Mouchot Prize”, and in 1991 I became the first to
receive it. It should also be emphasised that Mouchot’s steam engine produced
only mechanical power, not electricity.

My friend Prof. Biswajit Ghosh from Calcutta (Kolkata) discovered a reference
from 1891 that was one of the first visions of PV for power generation.
R. Appleyard had written in the Telegraphic Journal: “The blessed vision of the
Sun ... by means of photo-electric cells ... these powers gathered into electrical
storehouses to the total extinction of the steam engine and the utter repression of
smoke”. Even before then, in 1886, Charles Fritts, the inventor of the first “solid-
state” solar cell mentioned above, was quoted as saying: “Solar energy will pour
down on us long after we have run out of fossil fuel”.

Albert Einstein is sometimes cited as the originator of PV power. The fact is
that he contributed to the understanding of the effect of light on solids, but the
energy he was interested in was not that of everyday life. Rather, he was one of
the fathers of atomic energy and weapons: his discoveries explained the annihila-
tion of matter and its conversion into hot energy.

PV became a serious business only after the pioneers at Bell Labs had pro-
duced silicon solar cells of a revolutionary 6-percent conversion efficiency.
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Applications headed in two very different directions: a small market for toys in
the US, and a much more significant market for space satellites. In the race against
the Soviet Union, the US launched the first satellite with solar panels in March
1958, Vanguard I. The silicon cells came from Hoffman Electronics.

3. Solar Power for Space Satellites

PV generators have a unique advantage for space applications: their low weight.
Weight, rather than cost, is the determining factor for satellites. PV generators
get the Sun’s fuel for free; hence, all Earth-orbiting satellites employ PV associated
with a storage battery. This is also true for the inhabited International Space
Station. Only for interplanetary missions are generators employing radioactive
materials preferred; only 1 percent of the unmanned space vehicles of that
time employed radioisotope thermoelectric generators. The Apollo missions to the
Moon were powered with fuel cells.

Most of the first satellites in space had scientific research objectives.
Correspondingly, the President of the National Space Administration in France
(CNES), with which I was associated from 1966 until 1976, was a pure scientist. At
that time, I was in charge of the energy department at the Programme Directorate
at the CNES Headquarters in Paris.

One scientific programme we worked on was Eole: 500 balloons equipped
with tiny solar-powered radio emitters were to be released in the southern hemi-
sphere and their journey on the wind monitored by satellite. We had to develop
thin-film solar cells on plastic for the balloons; we chose a flexible cuprous sul-
phide (CdS/Cu2S) cell on a plastic sheet called Kapton. We will say more about
these cells later.

One of the first important commercial applications of satellites emerged dur-
ing the 1960s: intercontinental telecommunications. The capacity of the transmis-
sion through the cables under the sea was insufficient for TV programmes. The
transmission of the Olympic Games became a primary reason for the installation
of telecommunication satellites in geostationary orbit, that is, an orbit such that
the satellite appears in a fixed position from locations on the surface of the Earth.

An inter-governmental agency was created for that purpose, INTELSAT, with
its headquarters in Washington DC. Comsat, also in Washington DC, was selected
as the first company to implement programmes, i.e., to install and
operate the satellites, initially over the Atlantic between Europe and the US. They
were used for TV and telephone transmission.

I succeeded in establishing a cooperation agreement between Comsat and
CNES, my employer. It concerned the development of a solar generator that could
be deployed in space once the satellite reached its orbit. The deployment structure
was a pantograph like the one currently used on the solar generators of the
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Something New Under the Sun. Tt's

the Bell Solar Battery, made of thin discs of specially treated silicon, an

Tl e i

ingredient of common sand. It converts the sun's rays directly into usable amounts of electricity. Simple and
trouble-free. (The storage batteries heside the solar battery store up its electricity for night use.)

Bell System Solar Battery Converts Sun’s Rays into Electricity!

Bell Telephone Laboratories invention has great
possibilities for telephone service and for all mankind

Ever since Archimedes, men have been
searching for the secret of the sun.

Forit is known that the same kindly rays that
help the flowers and the grains and the [ruils
1o grow also send us almost limitless power.
It is nearly as much every three days as in
all known reserves of coal, oil and uranium.

If this energy could be put to use — there
would be enough to turn every wheel and light
every lamp that mankind would ever need.

The dream of ages has been hrought closer
by the Bell System Solar Battery. It was in-
vented at the Bell Telephone Laboratories after

long research and first announced in 1954.
Since then its efliciency has been doubled and
its usefulness extended.

There's still much to be done before the
battery’s possibilities in telephony and for
other uses are fully developed. But a good and
pioneering start has been made.

The progress so far is like the opening of a
door through which we can glimpse exciling
new things for the future. Great benefits for
telephone users and for all mankind may come
from this forward step in putting the energy
of the sun to practical use.
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International Space Station. A 1-kW generator was built and tested jointly at
Aérospatiale (now part of the European Aeronautic Defence and Space Company,
EADS) in Cannes on the Cote d’Azur.

This was intended to prepare for the larger power needs of a new generation
of three-axis stabilised satellites. To stabilise satellites in their orbits, most of the
first vehicles in space were permanently rotating: the spinning satellites. Larger
structures, which are too difficult to have spinning, are kept stable with an inter-
nal flywheel that has the same effect. Spinning satellites with the PV generator on
the envelope were expected to get too big to accommodate a generator of suffi-
cient power on their limited surface area. This was thought to be an issue partic-
ularly for the direct TV satellite broadcasts picked up by dish antennas fixed to
people’s houses. At the time, that was only a vision, but one wanted to be well
prepared for the future. At CNES, we had a working group to prepare for the
three-axis satellites. It was coordinated by Maurice Fournet, who had previously
developed the laser reflector on the Soviet Moon vehicle Lunokhod. (This optical
reflector retransmitted a laser beam sent from Earth exactly to the origin, what-
ever the position of the vehicle on the Moon.)

It turned out that the need for ever-larger power capacity in TV satellites was
by and large compensated by progress in electronics; the space sector in the 1960s
was populated by the pioneering developers of the age of digital electronics and
communication. As a result, over time the need for power diminished, as digital
electronics became considerably more energy efficient than analogue systems.
What has ultimately been achieved is quite extraordinary: with just a few Watts — not
even a kilowatt — of electronic emission, modern satellites, positioned 36 000 kilo-
metres above the equator, can provide direct TV coverage for a whole continent of
consumers.

Such satellites are also suitable for interactive Internet transmission. Their
application is not yet widespread, as operators want first to amortise the dense
cable networks they have already installed. But by switching to satellite transmis-
sion, it is possible to save a lot of expensive copper cables. Correspondingly, spin-
ning satellites stayed in use for much longer than we had initially thought;
three-axis stabilised satellites with large deployable solar paddles were needed
only later with the arrival of big projects.

With the end of the US Apollo programme to go on the Moon in the early
1970s, there was a degree of disillusionment in the space business in the US and
Europe. CNES' marketing people asked all of its potential clients in France
whether they saw a need for satellite services. The answer was a resounding “no”;
the French meteorological service claimed that, if necessary, aeroplanes were suf-
ficient to get the job done. The public TV broadcasting authority suggested that
French people — their customers — did not want more than the single channel
that they had, or perhaps at most just a second regional one. The situation was
similar to what is encountered in the energy sector worldwide: when it comes to
the future prospects of a sector for which such people are responsible, the
response is inadequate. Politicians hate any kind of vision and professional
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managers prefer to stick to what they are used to; they are too conservative and
get it wrong.

As we now know, there are so many applications for satellites that space is
crowded with satellites and debris, in particular geostationary/synchronous orbits.
But things developed slowly — even in the US. By 1971, 600 US and 400 Soviet
spacecraft had been placed in orbit; of those, only 50 US satellites with no more than
a combined power of 7 kW had been placed in synchronous orbit.

Virtually all the satellites launched during those years were equipped with sili-
con solar cells. But they are actually not ideally suited for the harsh environment
outside the Earth’s atmosphere. There, the cells are bombarded with particles from
the solar wind and the Van Allen radiation belt, which affects the active layer of the
cells, degrading efficiency. Silicon solar cells are just five times thicker than a human
hair. But thin-film cells like the cuprous sulphide mentioned above are even a great
deal thinner — actually 50 times thinner than a human hair — and accordingly are
much less degraded in space. In the 1960s and 70s, like many other groups around
the world, we worked on such thin cells in France. As mentioned, people like
Schottky had already worked in the 1930s on a similar material, cuprous oxide.

I went to NASA to see the late Bill Cherry — the same man to whom the
American IEEE Conferences on PV would pay their greatest respects by creating the
Cherry Award after his passing. I asked him whether he could try using some of our
Cu,S cells in his satellites. His polite reply was that there was no need for cells other
than silicon ones unless they were better and cheaper. I was not one to give up eas-
ily, and we eventually succeeded in getting a special small test satellite for our Cu,S
cells, SRET, which was put in orbit by the Soviets.

For most satellites in the US and Europe, silicon cells were displaced by cells of
the GaAs family. Their active layer is also very thin, a fraction of that of a hair, and
their efficiency is higher than that of silicon cells, in particular at the end-of-mission
of a satellite, since they degrade much less readily. Why were they not employed
earlier? The technology was less mature and they were more expensive.

4 First Ideas about Lighting with Solar Power
4.1 Mutations of the Sociefies in the US and Europe

Traditionally conservative, societies in the “West” adhered to the Christian Bible’s
rallying cry to dominate the world and to exploit nature to the fullest extent
possible. And that was certainly the guiding principle in matters concerning
energy. In the decades after World War 1I, electricity production and consumption
grew by 7 percent a year; it doubled every 10 years. When the think tank The Club
of Rome produced the book The Limits to Growth in the early 1970s, it was a real
shock to the “establishment”.

Those times are over. Most countries, and the world community as a whole,
generally accept that ecological sustainability is necessary for man’s wellbeing
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and survival. Nature must be seen as our partner, not our slave. As the disastrous
experience with totalitarian regimes was fresh in everybody’s mind, the freedom
of the individual against the dominance of society became an important issue after
WWIL

In 1949, George Orwell published Nineteen Eighty-Four about the risks of a
totalitarian society masking itself as democratic. When West German rearmament
was being debated in the 1950s, the country’s intellectuals, unions, Christians and
women’s groups expressed their opposition in a protest movement called ohne
mich (count me out). “Easter peace marches” have been held in Germany since
1960. In those early days, they were — unlike today — quite important popular
movements.

Traditional authorities in the West have been challenged since the mid-60s,
with the youth as the driving force. People protested against the Vietnam War; the
hippy subculture began to spread; the Woodstock Festival of 1969 made an indeli-
ble mark on history. Also, Indian philosophies gained in popularity; the Beatles
travelled to India to receive spiritual guidance; Hare Krishnas marched through
the streets.

The events of 1968 in France, Germany, and many other countries defined a
whole generation — actually, my generation. In May 1968, my home in the Latin
Quarter of Paris was awash with street battles and barricades. The intellectual
inspiration for those events came, inter alia, from Jean-Paul Sartre and the Jewish-
American-German philosopher with the French name, Herbert Marcuse.
Marcuse’s book One-Dimensional Man became the basis for Germany’s student
revolt. From 1966 onwards, Marcuse addressed thousands of students in
Heidelberg and Frankfurt. His subjects were the authority of resistance over
industrial society, the need for the autonomy of the individual, the right to happi-
ness. He reported to Germans about the student revolt in the US, which was trig-
gered by the Vietnam War: “... a spontaneous unity ... the rebellion in attitudes,
language, sexual morality, clothing ...”. In France, the “May events”, as they are
called there, challenged the whole of society: President de Gaulle had to go; in the
Rue de Grenelle in Paris, representatives of the government and trade unions
negotiated the Grenelle Agreements in an effort to put an end to the strikes and
solve the social crisis.

Power and energy were not issues during the fundamental changes in society
at that time. But the debate can fairly be translated to the present day as a move-
ment for energy autonomy. The trend is for people to master their electricity
supply themselves, be it in their homes, in towns and cities, or in regions. The
traditional notion that electricity as provided by big, anonymous companies
simply comes from the wall socket is widely challenged today. And this is where
solar power comes in: everybody has access to it, free of charge. It is the route to
individual power supply.

Atomic energy is not a subject of this book; it is a big issue on its own, beyond
our purpose here. But it is instructive to recall one particular situation in Germany
in the 1980s concerning plans to build a nuclear reprocessing plant in the town of
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Wackersdorf in Bavaria. So aggressive were the clashes between protesters and
police guards that the project’s chairman decided to shelve the plans as there was
a danger of major civil unrest.

There is no risk of civil unrest with solar power.

4.2 A New Awareness for Solar Power

I am a PV specialist myself but I had never been familiar with the purpose of pro-
viding PV power for everybody’s electricity needs until I met the late Martin Wolf
in 1969. He had emigrated from Germany in the 1950s and became a key player in
the early stages of academic and industrial development of PV in the US. He
invited me to his home in Princeton — and opened my eyes. He and his friends
had worked out the entire concept of PV power for all; I always thought the
Americans knew the little secret of how to stimulate one’s enthusiasm.

In June 1971, the US President issued a message calling for programmes to
ensure adequate supplies of “clean” energy for the years ahead. Under the author-
ity of the President’s Office of Science and Technology, a Solar Energy Panel was
jointly organised in 1972 by NASA and the National Science Foundation.
Professor Martin Wolf was to chair the Sub-panel on Photovoltaics. The goal that
was anticipated was a million-fold expansion of PV production rates and the
attendant automation.

At the time, the US’ official projection was of a five-fold increase in energy
demand between 1969 and 2020, half of which would be provided by nuclear
energy, the other half being provided by fossil energy. William Cherry, mentioned
above, and Fred Morse presented the overall conclusions of the US panel at the
following congress in Paris in 1973. Contrary to the existing projections regarding
energy supply, the Panel recommended to the US Government a target of 20 per-
cent solar energy contribution to the US’ total energy needs by 2020, equivalent to
the total energy consumed in the US in 1970. Twenty percent of the electricity
needs should also be met by solar energy. Sounds familiar?

In July 1973, in Paris, UNESCO hosted a congress entitled “The Sun in the
Service of Mankind”. I was the organiser of the PV section of the meeting. The
notion that the Sun was at man’s service rather than his partner was typical for
the time. More than 1000 delegates from all over the world, including a strong
US delegation, made this congress an important milestone in solar power devel-
opment. It was opened by a “Hymn to the Sun” presented in a speech by Pierre
Auger, a famous semiconductor physicist.

In his message to the congress, Wernher von Braun, father of the Apollo
Programme, declared, “I believe we are at the dawn of a new age, one which
might be called the ‘Solar Age’.” A working party chaired by Felix Trombe, with
prominent members from France, the US, India, Chile, Canada, Australia, Niger,
Israel, Japan and the USSR, concluded: “Recent events in many countries make it
apparent that a take-off point for large-scale solar energy development may be at
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hand. There is a widespread appreciation of the limited lifetime of fossil fuel sup-
plies and in many countries there is also concern about the pollution engendered
by the use of fossil and nuclear fuels. There is therefore a growing recognition that
solar energy, as a renewable and non-polluting source, may play a major role in
meeting future worldwide power needs.” That clear vision was set out in 1973.

Three months after the congress in Paris, the prestigious California-based Jet
Propulsion Laboratory, better known for their pioneering interplanetary missions
in space, held a PV workshop at Cherry Hill, New Jersey. It became another
important milestone leading up to the “honeymoon” of modern PV. Viewed from
our present perspective in 2010, it is rather surprising that the projections of large-
scale PV implementation expressed at that meeting of some 150 American experts
were already so realistic. Those pioneers — among them, Paul Rappaport, who
later became the founder of what is now the prestigious National Renewable
Energy Laboratory (NREL) in Golden, Co.; Karl Boer; and Joseph Loferski — already
understood several important things: in particular, that future cost decreases are
dependent on production volumes.

The Cherry Hill workshop projected that for solar cells US$0.50/ Watt could
be achieved at a manufacturing volume of 500000 kW (0.5 GW), and
US$0.10/Watt at 50 million kW (50 GW). Taking inflation into account over the
more than 37 years that elapsed since the time of that analysis, we are not far
from our current understanding of the cost problem. In addition to silicon, the
workshop recommended thin-film solar cells, such as CdTe, CulnSe,, among
others that became very successful in the 21st century. Currently, in 2010, pro-
ducer of CdTe modules First Solar, Inc. has become the global market leader for
PV. GaAs and optical concentration for PV were also on the workshop’s list of
recommendations.

US$0.50/Watt per PV array (or US$500/kW) was an important objective as, in
those days, it was thought to be the price of nuclear power that alternative ener-
gies were expected to compete with. The role of nuclear power, which was then
still favoured by energy engineers, illustrates the magnitude of the challenge
ahead for PV. In 1971, Alvin Weinberg from Oak Ridge National Laboratory antic-
ipated the future electrified world thus: 30 years after programme start, one
would have to build a 5-GW nuclear fast-breeder reactor every day, at a cost of
US$2500 million. (Imagine that: the breeder was supposed to cost only
US$500/kW!) After 30 more years, one would need to build two reactors at
US$5000 million per day. The mountain of problems the first pioneers of PV saw
before them did indeed appear sky high.

4.3 The Oil-Price Shocks, and the Nuclear Disaster of 1986
Looking back, it is amazing to realise that the first major international call for the

mobilisation of photovoltaics, culminating in the initiatives of 1973 described
above, actually came before the first oil price shock — which happened in the
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autumn of that year! Just like those that followed in 1979 and 1990, it was trig-
gered by events in the Middle East.

One could claim that around 1970 the awareness of “Western” societies about
the world’s environmental and climate problems was already much developed;
views then were actually not very different from those today. At a major 1974
press conference we gave with CNES in Paris about the need to push forward
solar PV, climate change was indeed a big issue. In particular, journalists were
keen to know how high sea levels would rise if ice masses melted in Greenland
and elsewhere. The oil price shocks had enormous impacts on governments,
industry, and society at large. One of their many outcomes was stimulating inter-
est in renewable energies in general, and PV in particular.

The oil price shocks had political origins: they were not directly related to the
limited global supplies of hydrocarbons but rather to their geopolitical concentra-
tion in the Middle East. Irrespective of that, however, right from the first oil
exploitations in the mid-1800s, experts have always had underlying concerns
about the limits of the world’s fossil resources.

In the meantime, experts in oil and gas exploration have presented no consen-
sus view about how much of our fossil resources are left for future needs. The
question of “peak 0il” — the maximum rate of global petroleum extraction — has
great political and strategic implications; experts have been arguing for years
whether exhausting half of the planet’s total recoverable hydrocarbons has already
occurred or if it will happen in five years. In the US, peak oil occurred 40 years
ago. In any case, the discussion remains largely academic, since the general trend
of the coming exhaustion of all of the world’s oil and gas reserves in the course of
this century is beyond question.

The International Energy Agency (IEA) in Paris, created in 1974 after the first
oil price shock under the umbrella of the Organisation for Economic Co-operation
and Development (OECD), for years made no mention in their publications — and
in particular their annual “World Energy Outlook” — that fossil and nuclear fuels
were not infinite. In optimistic projections of consumption towards the middle of
this century, they saw that global energy demand would grow steadily and that
this demand would primarily be met by the classical fossil energies; only marginal
roles were given to renewable resources. Only when confronted with mounting
evidence that this could not be true did the IEA start to lament the limited avail-
ability of fossil resources. Not so the US energy experts in 1973. They feared that
a long-term fossil fuel shortage could start as early as 1985, and to some extent
they were right: in particular in the US, most of the hydrocarbons in the ground
had indeed been consumed by then. This was one of the important motivations
for stressing the need to immediately begin looking for alternatives.

After the fallout from the second oil price shock in 1979 subsided, worldwide
political interest in energy fizzled out. Instead, the driving force for sustainable
alternative energies since the early 1980s became the global peace movements and
the growing opposition to atomic energy, largely as a result of the lack of public
appetite for atomic weaponry. More than anything else, however, the meltdown at
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the Chernobyl plant in Ukraine in 1986 underscored the realisation that new ways
of generating energy must be sought. The disaster saved many renewable energy
programmes from extinction at the last moment.

The 1990s began with the fall of the Berlin Wall, a new oil price shock, and a
blossoming awareness of the need for a sustainable civilisation (the 1992 Earth
Summit in Rio de Janeiro); among many others, these events witnessed the emer-
gence of solar PV in commercial markets. More on all this later.

5. After the Vision: A Mountain of Challenges
5.1 PV in the Starting Blocks in 1973

What we had achieved by 1973 at the beginning of terrestrial PV development can
be summarised thus: we did not have a great deal more than the know-how about
the market of applications for satellites; the yearly global production by this small
specialised industry did not exceed 10 kW a year (global production volumes are
a hundred thousand times bigger today). Silicon solar cells of high quality and an
efficiency of 14 percent (today’s commercially available cells are not very much
higher) could be mass-produced. In those days, cells were circular and much
smaller in size than today.

As for the prices of silicon cells, the literature quotes numbers that sound
rather fantastical to me. I personally telephoned the Sharp company in 1974, and
I got an offer of US$100/W. But at the same time the new Solarex company (now
BP) in Washington offered us at CNES in Paris cells for US$10/W — in writing. In
those early days of development, we often heard that the price had to be reduced
by three orders of magnitude, i.e., a thousand times. Wrong. As we now know,
reducing it by a factor of 10, down to US$1/W, was good enough.

What ultimately determines the cost of solar electricity is the total system cost:
the solar modules themselves, the cabling, the electronics and the control strategy,
the mechanical support structures, possibly also some storage, and the interface
with the user. At the time, however, there was not yet any relevant experience
with complete systems, and the total cost was just speculation.

Thin-film CdS/Cu,S, CdTe or CIS solar cells existed only as laboratory proto-
types. The 6-8 percent conversion efficiencies achieved were already
encouraging and are actually not much worse than those offered by today’s com-
mercial thin films. One should mention that amorphous silicon solar cells or
microcrystalline silicon cells had not yet been invented.

5.2 The Cost Problem: Technological Challenges

Technological development is obviously a key for cost reduction. Most efforts
targeted the crystalline silicon solar cell, which had always occupied the centre
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stage of PV interest since its first appearance in 1954. Electronically pure silicon
was readily available, as it was the same material that was being used in the elec-
tronics industry in semiconductor “chips”. Relatively big industrial plants are
needed to convert the impure metallurgical silicon that is derived from sand; the
main constituent of beach sand is silicon in its oxidised form.

For the purpose of solar conversion, the silicon purity is less stringent than for
chips, and consequently, one could go for a less costly “solar grade” silicon. But
that effort has been made only fairly recently, when the PV market took off from
2004 onwards. Initially, the chemical industry, such as Wacker in Germany, which
was primarily interested in the chip market, was not prepared to meet the new
demand. The supply of silicon feedstock on global markets became so tight that
its price on the spot market in 2007 could reach US$500/kg, while production cost
lay between US$10-20/kg. It took time for the necessary developments to take
place before new plants around the world brought silicon of electronic and solar
grades to market in sufficiently large quantities.

Solar cell technology also had to be developed further in order to simplify
production and reduce cost. Silicon crystals were pulled and sliced; a wire saw
was created to produce thinner slices without too much “kerf loss”. “Doping” of
the material had to be optimised. Optical absorption inside the crystal and optical
surface properties were improved. Anti-reflection coating was an important topic
of research. For the electrical contacts, technologies with cheaper metals were
needed; the option of screen printing was explored.

Automation was also needed to reduce the cost of the whole cell-production
process. More recently, this has developed into a key business in the global PV
market. Automation is also important in countries with high labour cost when it
comes to module production, as cells must be interconnected electrically with
metal strips. In a solar module, one must also optimise the mechanical properties
of the glass support, the optical properties of the glass cover, and the plastic mate-
rials that glue the whole thing together.

For their part, thin-film solar cells employ deposition on a substrate; they are
too thin to be cut from a solid crystal in the way it is done for silicon. Various dep-
osition methods were studied, including chemical vapour deposition (CVD),
screen printing, evaporation, and spraying. The choice of substrate, the metal con-
tacts, and encapsulation are also important for thin-film solar cells.

As the technology of thin-film cells is, as a rule, somewhat simpler than that
of mono- or semi-crystalline silicon cells, prospects for reducing cost were always
considered more promising. Accordingly, despite their lower conversion effi-
ciency, cost in terms of US$/W for a module using thin-film cells can be lower.
Still, this cost advantage can be partly eroded by the need for more substantial
support structures: as a result of their lower efficiency, a larger area is required to
generate a unit of power.

As far as concentrating PV is concerned, the family of GaAs solar cells was
developed further from the 1976 laboratory prototypes with their efficiencies of
22 percent. By 2009, an impressive efficiency of 42 percent was announced by
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Spectrolab — a record for this kind of material. It is interesting to note that among
the hundreds of PV manufacturers today that particular company in the US is one
of the very oldest.

What limiting factors exist for producing inexpensive PV? The principal one
is the cost of the glass used in the modules; there is a lot of glass employed in
mechanical support and encapsulation. The invention of the float glass process for
flat glass manufacturing — the Pilkington process — has helped to minimise that
particular cost.

Once, when I gave a presentation on the future of PV in the 1970s, an electri-
cal engineer from a power utility in France remarked that even if the cost of the
solar cells were zero, PV could not compete with other sources of electricity
because of the cost of the rest of the PV system — cabling, electronics and structural
support. Others pointed out that the cost of a greenhouse structure — something
similar is needed for PV installed in the field — is already prohibitively high. In
response, we suggested that there were mechanical structures, such as those used
in vineyards, that could be a lot cheaper. My colleague Giuliano Grassi at the EU
Commission actually built and tried out a small PV test field on the vineyard he
owned in Chianti, Tuscany in Italy.

The inverter that converts the DC of a PV array into AC, as is now used every-
where, was another unknown parameter in PV development. A new initiative
came later from Werner Kleinkauf in Kassel, Germany, who founded the firm
SMA to develop the technology needed for modern inverters. Before the PV mar-
ket was established, SMA grew through its business with the German railway
company, creating inverters for rail coach air-conditioning systems. Today, it is
one of the global market leaders in PV.

For optical concentrating PV systems, Fresnel lenses, mirrors and structural
orientation devices were needed; these kinds of systems were the last to get the
necessary attention in PV development.

As a rule of thumb, it turns out that in terms of the cost of a complete PV system
ready to produce electricity, half goes to the solar PV modules and the other half
goes to the rest, or the “balance of system” (BOS) as the Americans call it.

5.3 The Chicken and Egg Problem: Mass Production

Experience shows that even with the best technology one cannot achieve the low
costs that are needed to serve large markets where competition is high without
mass production. The “learning curve” describes how prices come down as the
market volume of a particular product increases. It occurs naturally when you
have a novel product everybody wants to have; that was the case, for instance,
with laptop computers and Internet access. The situation is different for PV in a
market that is already populated with much cheaper providers of the same
product — electricity.
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In off-grid applications in many cases, PV providers could compete econom-
ically even before mass production because the conventional providers can meet
those particular needs only at high cost. Unfortunately for PV, electricity from
the grid is currently already provided almost everywhere in the industrialised
countries, as well as in China and Russia, and so on. This particular market
turned out to be insufficient to initiate the mass production of PV and lower
production costs.

At the same time, World Bank and United Nations estimates have sug-
gested that more than one-and-a-half billion people in the developing world
currently still lack access to conventional electricity through the grid. In most
of these cases, PV would be — even without considering the cost advantages
of mass production — the smartest and most cost-effective way of solving
this problem. We have attempted to put the case for PV — a major part of
this book will illustrate in detail what various PV pioneers have tried to
achieve — but we have had only moderate success so far. The problem is
structural: because of a paucity of information about solar power, both the
people in need and potential donors are not keen to embrace PV. Some
communities have said that they would prefer to wait until they get full
access to the grid like anybody else; they do not realise that this simply may
never materialise.

The only viable path that remained open was promoting the notion of
attaching PV to the grid — despite the unfavourable economics for PV in this
configuration. To that end, at the meeting in Cherry Hill in 1973, Bill Cherry
said, “... the Government has got to do some pump priming. The semiconduc-
tor industry got started the same way.” Going this route would immediately
bring the conventional power utilities into the picture, since they run the elec-
tricity networks. In the US, the utilities were not totally opposed to this idea,
but they were reluctant to enter into a programme that involved high costs. On
the other hand, Europe’s state-owned utilities were not traditionally known to
be enthusiastic about PV. For them, there were many reasons to avoid PV con-
tributions to their networks, particularly the challenge of accommodating
many small, distributed and intermittently operating solar plants. In any case,
with taxpayers having to bear the costs associated with any significant pro-
grammes, the question, as ever, was not one of grand visions of the future but
of political expediency.

Generally speaking, the private sector has not risen to the challenge either.
Companies tend to need to be profitable on a very short-term basis, and only
a few with deep pockets have taken a longer view. The oil industry belongs to
that category: it works within longer time frames and is in that respect similar
to the electric utilities. In the case of the US again, the oil majors have turned
out to be some of the biggest investors in PV right from the beginning; they
have more cash to spend than the utilities and do not have the same con-
straints to follow.
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The vicious cycle was ultimately broken by pioneers in government who
succeeded in putting in place the necessary regulation to make the PV business
profitable for everybody (a subject we will return to in later sections of this
book).

The establishment of PV was also supported significantly by international
competition in a liberalised marketplace. In the semiconductor markets of the
1950s, it was the financial intervention of governments that kept prices high: only
when that support dropped off and competition kicked in did market prices come
down. Indeed, once a mass market is established, the engine of development is set
in motion: commerce grows; sources of finance become available, eventually
including the stock market; and human capacity increases (engineers, scientists,
installers, etc.) — until suddenly political opposition appears from nowhere and
questions the whole enterprise!

5.4 Entrenched Energy Strategies and Politics

As we have discussed, unless it establishes a suitable position on the global
energy markets where it can compete, PV power depends strongly on political
support. However, in energy matters, both national and international policies fol-
low what is considered to be the strategic mainstream — and that was never really
solar power. The fact is that the key energy strategists got it wrong most of the
time. In the 1970s, the international energy agenda was dominated by the devel-
opment of nuclear breeder reactors and coal gasification. Needless to say, in hind-
sight neither of these options was realistic.

Interest in solar energy was placed at a similar level to the development of
fusion reactors. In 1995, Emanuele Negro presented a study he had conducted
on behalf of the European Parliament on the profitability of financing research
on PV and on “thermonuclear fusion.” His conclusion was that nuclear fusion
research “has no longer to be regarded as an alternative source of electricity, but
as a basic research domain. Its expectations have not to be compared with the
ones of other sources of energy, but for their scientific interest”. Today, PV is
booming, while fusion technology will likely play a role, if at all, only in 50 years
and beyond.

An additional challenge with these mainstream strategies is that they are not
frequently changed; for practical reasons, this would not be possible. Hence, the
same options, however obsolete they may actually be, have dominated the energy
debate for decades, making it very difficult for new technologies to get a foothold.
Even the sacred cow of today’s energy policy — carbon capture and storage
(CCS), or so-called “clean coal” — may too one day be relegated to the scrap heap
of ill-conceived energy policy decisions.

This is the energy world in which we must evolve. Right from the beginning
in the early 1970s, it has meant a terrible uphill battle for PV to get its share of
attention.

Copyright © 2011 by Pan Stanford Publishing Pte. Ltd.



The Rising Sun in a Developing World

5.5 Against Dominant Allocations of State Budgefts

As we have seen, PV is very much dependent on a share of public financial sup-
port for research and technology development (RTD) and promotion. In reality,
the financial needs for PV development are lower than those of most competing
technologies in the energy sector. The reason is that PV technology is compara-
tively uncomplicated. To make PV happen, securing at least the minimum budg-
ets to realise the options at hand is really just a question of fair treatment. As the
overall volume of state budgets is obviously limited in size, PV has to compete
with all the other budget expenditures, be they regional, national or international.

Within the energy sector, PV’s chances were slim: we have seen that PV fell
into the category of “other options”. By comparison, development budgets for
nuclear power have been a lot larger than those for PV over the years. And not
only for nuclear: between 1918 and 1978, the US Government spent US$150 billion
to stimulate oil, gas, coal, nuclear and other forms of electrical energy production.

The nuclear programme in France had a dramatic effect on the RTD of PV: in
the mid-1980s, the government took PV off its agenda and reduced its budget to
zero. Rolf Linkohr, himself a supporter of nuclear in the EU Parliament, promised
me that he would push for at least equal RTD budgets for nuclear and renewable
energies for the EU.

In the US, conservative Presidents like Ronald Reagan dramatically reduced
energy budgets as a whole, as military spending became a big priority. Europe
also contributes its share to the global military expenditure — to the tune of
roughly US$1 trillion per year. Military budgets have barely changed, perhaps
surprisingly, even though stateless terrorists have become the main enemy. In
effect, eliminating a single terrorist costs a colossal amount of money; the debate
goes on as to whether there are not cheaper and more peaceful ways of approach-
ing the problem.

Another big consumer of public money is the social welfare sector, especially,
many claim, in Europe. And these welfare systems are far from optimal. It is an
established fact that a significant proportion of people in industrialised countries
remains extremely poor; a figure of 3 percent of the population, or over 30 million
people, is a typical estimate. Many of them, including many children, depend on
welfare for survival, often by private charities — Germany’s “soup kitchens”, the
“Restaurants du Coeur” in France, or via “food stamps” in the US. There must be
something wrong with the way national budgets are allocated!

As far as the energy budgets are concerned, they are relatively modest in com-
parison with the giant mastodons mentioned above. But expenditures on energy
are considerable as well. Globally, new energy investments are counted in the
hundreds of billions of US-dollars per annum.

I have always felt that the energy stakeholders — those in charge of public
budgets and those in the electric utilities who do little more than administer their
clients’ money — have a particular responsibility to follow the “right” strategies
and to avoid wastage through development failures. It is not really acceptable that
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public money is wasted just because the strategies of the energy establishment
proved to be wrong.

5.6 Administrations

Generally speaking, detailed budgeting is in the hands of public administrations.
The people in charge have a huge responsibility and take the job very seriously. As
far as PV is concerned, a certain expertise is necessary. But it is often the case that
managers barely learn how to spell the word photovoltaics before they are moved to
another position, to avoid any conflict of interest with their contractors.

Official policy in many cases is to organise budget allocations rationally. The
first to introduce a very “objective method of budget allocation” was the late Robert
McNamara, US Secretary of Defence from 1961 to 1968 during the Vietnam War,
when there was plenty of budget to be managed. The method divides projects up
into different evaluation parameters and associates figures of merit to them. In the
administrations in which I worked, we used it regularly. However, most of the time
the resulting recommendations were wrong, as the parameters had been tuned
unrealistically.

I worked in administration in a position of responsibility for 37 years and PV
was always a major part of the programmes I had to manage. We could overcome
the challenges described above. No public money was wasted. PV has now become
important, and we are proud to say that we were leading the charge.

5.7 Energy Pay-Back Time and Module Lifetime

Neither the “energy pay-back time” (the time it takes for a PV module to generate
as much energy as it required to manufacture the PV module) nor the lifetime of
modules was a particular concern for the pioneers who imagined PV strategies in
the early days. They knew from their own hands-on experience that these were not
real problems. It was only when PV started to attract a wider interest that oppo-
nents of the new technology started to argue against it. It was claimed then that it
would take 15 years or longer to recoup the cost of building a PV power plant. That
would have dealt PV a deadly blow — if that had been true. In practice, the energy
invested in producing a module depends on its technology. It has often been
demonstrated that the energy pay-back time is, on average, just one year of opera-
tion. For thin-film cells it is lower; for crystalline silicon, it is slightly higher.

In the late 1970s, the president of the Solarex company, the late Joseph
Lindmeyer, was keen to demonstrate that PV cell production may not even need
an external source of energy at all. At his facility near Washington DC, he built a
“solar breeder” and ran it for a period time. Consisting of a PV manufacturing
plant with a solar array on the roof, the solar breeder showed that all the energy
the plant required could be generated by the Sun from its own PV array.
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The issue of lifetime has quickly become obsolete as well. From the early PV
applications on space vehicles, it was already clear that even in a harsh environ-
ment, solar cells are tremendously robust. If anything failed in a satellite’s solar gen-
erator, it was the battery, not the PV array. Today, many manufacturers have a
20-year guarantee on the PV modules they sell.

In countries like Spain, the “feed-in tariff” is paid for a period of 25 years. As
modern PV is only a little more than 50 years old, there is a hesitance to make
commitments beyond a 25-year time frame. However, there are indications that PV
modules with a lifetime of 50 years, or even longer, will become the standard. We
actually have relevant experience from an 80-kW plant built in 1983 by the EU
Commission with the Italian energy provider Enel on Vulcano Island, Italy.
A detailed analysis after 22 years of continuous operation revealed a 6-percent
degradation of the modules; it may be even less since the accuracy of the measure-
ments was only 5 percent. Moreover, the quality of today’s PV technology is even
higher than that of those modules produced back in 1983.

Clearly, however, it is possible that compared to fixed arrays that do not move,
the reliability is lower for arrays that follow the Sun to maximise energy collection
or because they employ optical concentration.

5.8 Intermitiency of Supply

The electricity generation of a PV array can be predicted to some extent, as it is
associated with the weather forecast. In that respect, intermittency of supply is
less of a problem for PV than it is for wind generators, for instance.

For grid-connected systems with an obligation by the grid to buy the solar
electricity whenever it is available, disruption of solar supply is not a problem, at
least not for the owner. It does not matter then if the system is run as part of the
“feed-in” regulation that is popular in many countries or the “net metering” that
is often employed in the US. The electric utilities in the US and in countries that
have to meet a large peak load around noon because of widespread air-condition-
ing usage, solar electricity is all the more desirable, as meeting peak load by con-
ventional means is costly.

When no grid is available, electricity storage is the first idea that comes to
mind. There has been a recent renewed interest in storage technologies, which
originated from the emergence of hybrid and electric automobiles. Lithium bat-
tery technology has developed rapidly, already monopolising the market in
laptop applications and with larger sizes in the offing for use in electric cars.
However, even today, people have a reserved attitude when it comes to PV
applications.

The need for seasonal storage is a special challenge for PV, as the intensity of
solar radiation drops in winter; this applies to most climates, even to some extent
subtropical ones. In this case, storage is, as a rule, too expensive; a system that is
used only once a year is difficult to amortise.
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Eventually, the solution for autonomous systems is hybridisation of PV power
with other generators of renewable electricity together with small battery storage
to bridge short-term needs. Interesting options in that respect are small wind tur-
bines, water turbines, and turbines driven by biofuels. We will return later to a
hybrid project combining PV with wind that we organised in Latin America.

5.9 Environmental Challenges

Among the renewable energies, PV has received less opposition from environmental-
ists than wind turbines or liquid biofuels, for example. But there are a few concerns.

One issue was thought to be the biosphere. The President of CNES, at the time
my own “big boss”, expressed a note of caution when he addressed the audience
at the UNESCO Congress in Paris in 1973 mentioned previously. He warned that
the large-scale collection of energy from the Sun might affect the biosphere’s equi-
librium. Later, when I had assumed responsibility at the EU Commission in
Brussels, Dr. G. Schuster, the father of European RTD and its first Director General,
confronted me with similar considerations. I should, however, immediately add
that Dr. Schuster was, from the start, a big supporter of PV and of my work at the
Commission, though his traditional field of interest was nuclear fission and fusion
energy.

It is now clear that the capture of solar radiation for energy generation plays a
negligible role in the Earth’s equilibrium. Certainly, it is infinitesimally smaller
than, for instance, the impact of agricultural practices and other conversion of land
for buildings or roads, which have serious detrimental effects on soils, water
resources, and ecosystems — not to mention the disastrous consequences associ-
ated with increased global temperatures and atmospheric pollution. In 2008, the
Max Planck Institute in Hamburg published a study on the change in land cover in
Europe over the last millennium: about 5 million square-kilometres of natural veg-
etation were transformed into agricultural land between the years 800 to 1700.
According to the study, historical events such as the Black Death “led to consider-
able dynamics in land cover change on a regional scale”. In the last three centuries,
the population explosion and rapid industrialisation have led to change on a
massive scale.

A more serious concern was, and remains, cadmium — a major ingredient of
the CdTe solar cells that have now attained a prominent position in global PV mar-
kets. US company First Solar manufactures and markets this technology, primarily
in Germany, recently becoming a leader in the global PV business.

The problem is that cadmium is highly toxic and presents significant dangers
to human health and the environment. The use of cadmium has raised serious
concerns since the 1960s, when the PV favourite was CdS/Cu,S, the “cuprous
sulphide” solar cell that also contains the element. The argument goes that
compounds of cadmium are less toxic than the pure metal; besides, it is also used
in many other applications, such as in paints.
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My personal belief was always that CdTe could not be neglected in PV devel-
opment, as its theoretical efficiency is one of the highest of all possible materials.
By the 1980s, when public support had all but disappeared, I made sure that there
was, at the very least, enough financial support for cadmium-containing PV in our
EU RTD programmes. Thus, its survival in Europe was assured, although indus-
trialisation on a large scale would ultimately be undertaken by US firms. Not sur-
prisingly, when First Solar was eventually listed on the stock market and a lot of
people benefitted financially, the arguments against cadmium conveniently
evaporated.

6. Leadership
6.1 The Pioneering Role of the US

There can be no doubt that the world’s PV stands on the shoulders of American pio-
neers. We have seen previously how the US took the leadership role in PV by invent-
ing the first commercial solar cells and by promoting them through their space
programmes. They were also the first, as early as 1973, to imagine an aggressive PV
promotion as a mainstream power provider in the US and around the world.

After the oil price shock of 1973, renewable energies and in particular PV
began to garner overwhelming popular support. The American people became
interested in solar energy in a profound way, the significance of which is hard to
appreciate today — a “solar tsunami” with shock waves around the globe. It
would not be unfair to say that what has followed since pales by comparison to
the ardent enthusiasm of those days.

The effort culminated during Jimmy Carter’s Presidency (1977-81). His
Secretary of Energy was James Schlesinger. In California, Governor Edmond
Brown Jr. led the charge for solar. The Director of the Federal PV programme was
Paul Maycock, an outstanding pioneer who devoted his whole life to PV. Indeed,
some of the information below is taken from his 1981 book Sunlight to Electricity
in One Step, published by Brick House.

It's no exaggeration to say that in the latter half of the 1970s many people
already saw already themselves living in the “solar age”. They were committed to
a better “quality of life”. In May, they celebrated “Sun Day”. In 1978, the US
Congress passed an RD&D (research, development and demonstration) Act on
PV. It called for a doubling of PV generation capacity every year until 1988, with
an objective to reach a 4-GW level. The budget commitment was US$1.5 billion, an
enormous sum at the time (even though it was tiny when compared with what
had previously gone into nuclear research). I was invited to speak at the opening
of one of the IEEE Photovoltaic Specialists Conferences, on the podium with a
Congressman who elaborated on their objectives and with more than a thousand
experts in the room. It was another occasion that helped me to set my mind
unconditionally to fighting for PV.
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The Public Utility Regulatory Policy Act (PURPA) of 1978 provided regulation
that meant that utility rate structures could not discriminate against small produc-
ers of electricity and that utilities must buy solar electricity at fair prices. That same
year, the White House Council on Environmental Quality projected an installed PV
capacity of at least 500 GW, or 500 million kW, by 2020. From 1977 to 1980 more than
1,300 small PV systems (residences, water pumps for irrigation, and so on) were
built under the framework of the Federal PV Utilization Programme (FPUP), which
encouraged federal agencies to get involved. Since 1980, a tax credit of 40 percent of
the purchase price has been offered for PV. Low interest loans were proposed and
the establishment of a “solar bank” was considered.

The Federal budget for R&D on PV reached US$157 million in 1980. Hundreds
of solar PV-powered buildings were developed, both stand alone and grid-con-
nected, including Lord House in Maine; Olympic Natatorium in Atlanta, Georgia;
PV Pioneers in Sacramento, California; recycling centres in New York; Georgetown
University in Washington State; APS factory in Fairfield, California; a solar town-
house in Bowie, Maryland; and Liss House in Fairbanks, Alaska.

The first community relying entirely on solar power was the Schuchuli
Indian village in Arizona, in 1978. The world’s first PV-powered neighbourhood
came about in 1985 when New England Electric installed 100 kW of distributed
rooftop PV systems in the central Massachusetts town of Gardner. The first
larger stand-alone PV systems of up to a hundred kW per unit were installed,
among other places, in the National Bridges National Monument Park in Utah,
Mount Laguna in California, and — for the purpose of irrigation — in Mead,
Nebraska.

Among the American states, California had already emerged as a leader; it
offered even better tax credits than Washington. In some regions or counties, peo-
ple voted to shut down nuclear plants; almost every dollar coming out of nuclear
went into PV. People were gratified to see that, contrary to the nuclear industry’s
prior warnings, electricity rates remained stable after nuclear plants were closed.

US industry followed suit. New production capacity was built and soon the
country had overall 25 MW manufacturing capacity on stream, a five-fold increase
achieved in just a few years. Even the energy “establishment” like General Electric
(GE) and most of the power utilities, who were used to doing all their business
with the “hard energies”, started to wonder whether they should not get involved
in PV as well. GE would build a five-acre PV installation for SeaWorld in Florida.

One particular aspect of what took place may in retrospect appear a bit
strange to us now: the enthusiasm surrounding “tracking” or “optical” concentra-
tion. These technologies were not yet mature at that time.

In 1977, a massive “block buy” programme was launched by the Federal
Government: almost 2000 kW were bought and installed by 1980; 10000 kW more
had followed by 1987. A 500-kW concentrating system was also installed in Saudi
Arabia. All of them followed the Sun by tracking. The largest plant, built in 1983
at Carrisa Plains, California, had a nameplate of 6,500 kW and two-axis tracking.
From a technical viewpoint, though, this system was not optimal. The solar PV
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modules that had been purchased from Siemens had a measured efficiency that
was up to 30 percent lower than their label stated.

But there was a non-negligible practical issue to consider. This concerned
the “capacity factor” of grid-connected plants, that is, the ratio of the actual
output over a period of time and the output if the plant had operated at full
nameplate capacity over that period. The measured capacity factor of the plants
in California, Texas and Arizona turned out to be as high as 35 percent. The rea-
son was the correlation of the Sun’s availability with the peak air-conditioning
load.

As we know, after Carter’s tenure as President came to a close, the US stepped
back from their solar commitment. One of the first actions of the newly installed
President Reagan was dismantling the PV panel from the White House roof. For
all US Presidents since, it’s been a case of “business as usual”. Even the Clinton-
Gore Administration fared no better.

It was the same in California. John Geesman, formerly with the California
Energy Commission, stated on September 2, 2009: “When the Renewable
Portofolio Standard was signed into law in 2002, California derived 11 percent of
its electricity from renewable sources. In 2008 that number was 10.6 percent. Every
school child in California knows that most of that comes from policies enacted
when Jerry Brown was Governor some 30 years ago.”

It was not long before global leadership shifted to Germany, Japan and
others.

6.2 France: A European Solar Pioneer

The French had already established themselves as leaders in solar energy in the
19th century, as exemplified by Becquerel’s discovery of the PV effect in 1839.
Mouchot’s early work on solar concentration was followed in the 20th century by
the establishment of a generation of solar furnaces by Felix Trombe: one in Algeria
that belonged to France for a time, another at the Fort of Mont Louis, and a third
at Odeillo in the Pyrenees. Those located in France are still in operation today:
producing temperatures of over 3000°C, they can even be employed to simulate
atomic explosions.

In the late 1970s, France built a solar thermal plant called Themis, with con-
centrating mirrors and a tower, and participated in a similar European project,
Eurhelios, in Sicily. Centre National de la Recherche Scientifique (CNRS), France’s
main science organisation, has also operated a solar centre on thermal power on
Corsica. After France’s liberation in 1944, PV activities were concentrated at the
semiconductor laboratories of CNRS at Bellevue, a suburb of Paris. In 1967, its
director, the late Michel Rodot, recommended me as the manager of the PV pro-
gramme in the newly created French National Space Agency (CNES). Shortly
before, President de Gaulle had decided that he wanted to have his own satellites
and his own PV programme — and not to depend on the US for it.
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Figure 3. A French PV generator of CdS from 1973.

The SAT company in Paris, the official provider of silicon cells for French and
for some European satellites, had a licence from Spectrolab in California. Our own
contractual development work with French industry concentrated on thin-film
cells: we developed CdTe cells on molybdenum sheets at Radiotechnique, a sub-
sidiary of Philips in France, and CdS/Cu,S cells on Kapton plastic at SAT.

I became part of a committed group at SAT with Besson, Ngyen and Prof.
Vedel, a specialist in electrochemistry from the Ecole de Chimie de Paris who
worked for almost 10 years to develop these cells into a viable product. For me, it
was a good opportunity to learn how industry works and to get a breather from
my administrative duties. We achieved over 8-percent efficiency with both types
of cells. We also thought we had solved the stability problem of cuprous sulphide.
We were, at least, able to convince the late Paul Rappaport, the founder of what is
now NREL in Colorado, who congratulated me personally on this.

But this was not the end of my engagement with CdS. In 1973, I was
approached by John Francis Jordan, Senior Vice President of the Baldwin
company in Cincinatti. They were just moving into the banking business and had
bought 10 banks in Denver. The lady who owned the company spent her last years
at the Ritz Hotel in Paris. They were originally piano builders, and John Francis
had come across CdS when developing electronic musical instruments. We
became very close friends.

John Francis had the unique vision of generating all of the US’ electricity in
the deserts of the southwest. From his house on a hill in El Paso, Texas, all the land
one could see — which stretched for more than 100 miles — would have been suf-
ficient for this. His idea was to produce CdS cells continuously in a float glass
plant; modern glass is produced in such plants, where glass sheets are ejected

Copyright © 2011 by Pan Stanford Publishing Pte. Ltd.


http://www.crcnetbase.com/action/showImage?doi=10.1201/b11118-2&iName=master.img-007.jpg&w=267&h=201

The Rising Sun in a Developing World

from a liquid tin bath at high speed when they are still at a temperature of 500°C.
Huge areas could then be produced by spraying the semiconductors on the hot
glass: 500°C does indeed correspond to the temperature needed for CdS to crys-
tallise on the substrate. A company was created to realise this idea: Photon Power.

Independently, the oil company Total approached me in Paris on the subject
of CdS solar cells. I was introduced to them by my long-time friend Bernard Devin
from the CEA, France’s powerful Atomic Energy Commission. At that time,
Frangois Fiatte was Total’s Director for Diversification into solar power, coal, etc.,
and I became his consultant and friend. Total wanted my advice about whether to
develop a spray process that was offered to them by the company PA in Britain.
Eventually, in 1975, a decision was made to build a plant in El Paso employing the
spray process; the US glass company Owens Ford decided to enter into the joint
venture and to finance the plant with the French. There was no public money of
any kind involved.

The US$20-million plant was built and began operation. Unfortunately, it
was a failure for two reasons, one technical and one human. As the CdS films
were only 1 micron (1/1000 mm) thick, the slightest impurity in the glass sub-
strate led to a short circuit. While the cells looked wonderful — and the proto-
types in the laboratory had been shown to have an efficiency of 8 percent — the
mass-produced cells did not work. The human factor was that the plant man-
ager, who was Total’s manager in London, had personal issues: uprooting from
London to El Paso turned out to be such a shock for his wife that after a while
he had to go back home to be with his family. By then, John Jordan was already
well over 70 years old and was no longer in a position to fix things. A wonder-
ful endeavour finished prematurely.

When I came to France as a young German scientist in the mid-1960s, the
main platform for French interests in solar energy was the AFEDES association. It
was closely linked with another one, COMPLES, whose goal was to promote solar
energy around the Mediterranean Sea. These groups initiated and organised the
solar congress at UNESCO House in Paris in 1973; we have already mentioned its
important role in the worldwide promotion of solar energy.

I was introduced to this group by Pierre Vasseur, my superior at CNES and a
good friend. He was also a director of the laboratories at Ecole Polytechnique,
France’s prestigious technical college in Paris. Vasseur explained to me the back-
ground of the French motivation to promote solar energy: an important
inspiration for them was the philosophy of Pierre Teilhard de Chardin
(1881-1955), who was a Jesuit priest, often in conflict with the Vatican and the
Pope, and a palaeontologist working much of the time in China. In his book The
Future of Mankind, he wrote, “Since the Palaeolithic and the Neolithic age,
mankind could always expand: growing and proliferating was the same for him.
And now all of a sudden, emerges in front of us at great speed the wall of satura-
tion. What to do to avoid that human concentration — although social unification
is a favourable trend — passes an optimum beyond which all increase of numbers
means only famine and suffocation.”
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Investigating the roots of French interest in solar energy, one also has to men-
tion Frédéric Joliot-Curie, a professor at the College de France in Paris (100 metres
from where I am currently living). Along with his wife, he received a Nobel Prize
in Physics and worked on nuclear technology and a synchrotron in occupied Paris
during WWII — while at the same time being connected to the “résistance”. In
1948, he built France’s first nuclear reactor.

In May 1956, at a nuclear committee in Paris, he declared, “I think that we
must very seriously and immediately get involved in the utilisation of solar
energy. It would not be reasonable to see in nuclear energy the only source for
meeting the considerable future energy needs of our country.” It is the same man
who, in 1950, initiated the “Call of Stockholm” against nuclear weapons: “We
demand the absolute interdiction of atomic arms, arms of terror and massive
extermination of the people.” (Information kindly provided by Jacques Dupin,
CERN, Geneva.)

The oil embargo by the Organization of Arab Petroleum Exporting Countries
(OAPEC) in 1973 was a shock for France. It suddenly saw its precious national
independence in great danger. French stakeholders in energy, science and technol-
ogy were asked to consider what their contributions to “energy independence”
could be. CNES and myself were called upon to represent the potential of PV. I
became directly associated with the President of CNES and played a role as the
French “Monsieur Energie Solaire”. After some months of brainstorming, the gov-
ernment decided that the solution had to be nuclear energy, and in 1974, the coun-
try embarked on a massive construction programme, with 58 reactors on stream
today; solar energy was asked to leave the mainstream. I do not need to comment
here on this decision but only recall what the French President said in 2009: for
him the decision to give a monopolistic role to nuclear was wrong; he wanted
from then on to give equal emphasis to nuclear and to solar energy. At least that
is what he said.

But French interest in solar energy did not disappear altogether. The Director
General of CNRS, Robert Chabbal, held regular discussions in his own home with
four or five people, of which I was one. In 1978, the late Henry Durand, another
heavyweight in solar energy, was appointed by the government as president of a
specialised agency for renewable energy: from the mid-1970s until today France is
one of the few countries with a specialised government agency for renewables
(later combined with another one in charge of environmental matters).

The French government’s growing respect for solar energy was also demon-
strated by two other events. In 1975, Jean-Claude Colli, the “Solar Delegate” of the
French government, led a delegation to Japan — of which I was a member — to
sign the first co-operation agreement between the two countries on science and
technology. A year later, another French delegation, with Chabbal at the top and
me as a member, returned to Japan to sign another governmental agreement on
solar energy co-operation.

In a 1976 report issued by the Prime Minister’s office, Jean-Claude Colli expressed
his belief that sooner or later PV power plants would become a reality; uncertainty

Copyright © 2011 by Pan Stanford Publishing Pte. Ltd.



The Rising Sun in a Developing World

Figure 4. A French governmental delegation visiting Japan in 1975. Lower row: Chabbal, the DG of
CNRS, second from right; W. Palz, standing, third from the right.

concerned only the time horizon not the eventual success, he claimed. But France
was not willing to support solar energy with its own major budgets and instead
suggested the EU Commission in Brussels take over. The first European renewable
energy programme was decided by the EU’s Council of Ministers in 1975; I myself
had been a French delegate when it was drafted by official experts a year before.
I was then the draftsman for PV.

I took the helm of the European programme in 1977. And here in Brussels I
again found my French friends: Chabbal as Chairman of the advisory committee of
the programme and the late Monsieur Pheline as a French delegate. I had become
friends with Pheline, who had twice become frustrated with his French adminis-
tration. Before we got to know each other, he was in charge at the French Embassy
for Brazil and Argentina, tasked with selling French nuclear reactors to those coun-
tries. He had almost succeeded when France decided to give up its own nuclear
technology at CEA and to adopt a US licence instead. His second frustration was
that French budgets for PV were miserable in those days. But he did not know
what would happen later in the 1980s: Monsieur S., the then-DG for Energy in the
French government, decided that the support for PV had to be reduced to zero.

France’s pioneering role endured nevertheless. One illustration of this was the
study “ALTER, Study of an energy future for France based on renewable energy”
from “the group de Bellevue”. The study was implemented in the early 1980s by
a group of French energy experts from CNRS, Electricité de France (EdF), College
de France, and INRA (the National Institute for Agricultural Research). It was
demonstrated in that study that: “in the perspective of 2050, it would be possible
to change progressively in France from an energy system dominated by the fossil
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Figure 5. A French delegation in Japan visiting a solar concentrator in 1975. Chabal, CNRS, 7th from
the right; W. Palz, 6th from the right.

energies to a stable autonomous energy system based exclusively on renewable
resources, i.e., solar energy in all its forms”. This study was a world’s first!

A key author of this report was my good friend Philippe Chartier, the long-
time science director of the French renewable energy agency. He is still active
today as a promoter of PV inside the Syndicat des Energies Renouvelables, an
important lobby group for solar interests in France.

In 1994, the French Government organised a national debate on “energy and
the environment”. Meetings were held for six months all over the country. The
final report of December 1994 highlights concerns about radioactivity (mention-
ing large numbers of miscarriages after the Chernobyl accident) and electromag-
netic field effects. French people wanted the R&D effort to be less concentrated on
nuclear; they wanted energy diversification. The report stated that France spends
15 times less on renewables than Germany. Focus needed to be put on PV.
Unfortunately, this endeavour did little to help: today that disparity between
France and Germany in renewables investment is as wide as ever.

In May 2007, the French President started something similar to the 1994 initia-
tives, the Grenelle de I’Environnement — Grenelle being the name of a street in
Paris with some significance since the social movements of 1968. Meetings were
also held all over France for several months. My dear friend Alain Liebard was the
chairman of the working group on renewables; see his contribution in this book.

The conclusions of the “Grenelle” are progressively being translated into law.
A highlight of this new interest in renewables is a vigorous feed-in tariff (FIT) reg-
ulation for PV promotion in the country, putting the right emphasis on building
integration. More details are given later in this text.
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6.3 PV Start-up in Germany

Since the 1960s, Germany has been actively involved in PV for applications in
space. AEG and Telefunken in Hamburg and Heilbronn looked after silicon cells,
while Battelle in Frankfurt developed CdS/Cu,S thin-film cells. There was tradi-
tionally also a small production of selenium photoconductors for light metering in
cameras in Marburg.

The interest in terrestrial applications of PV started in 1973 when the Germans
sent a delegation to the UNESCO Congress in Paris. A year later, Dr. Karius from
AEG organised a national PV conference in Hamburg at which I served as a co-
organiser. Shortly after, the German government in Bonn began its first R&D pro-
gramme on solar energy. The first official to run it was Dr. Klein; when we met at
a meeting in Paris, where he came with his Secretary of State, Volker Hauff, he told
me proudly that they had not only thermal applications on the agenda but also PV.
The programme has continued since then: after Klein, came Gerd Eisenbeiss,
Walter Sandtner, and others. A particularity was that the Ministry delegated
detailed management and financing to a special group that was installed at the
Nuclear Research Centre (KFA) at Jiilich, a little town close to Bonn. As a result,
applicants for contracts had to clear two hurdles: after having convinced Bonn,
they had to negotiate with Jiilich.

There was good co-operation between our European programme on solar
energy and the German one: German representatives were sitting on our
Consultative Committee in Brussels together with those from all other EU member
countries.

The interest in solar energy in Germany in those days paled by compari-
son with the enormous enthusiasm in the US at the time. Nevertheless, the sec-
tor gathered momentum thanks to a few pioneers. Adolf Goetzberger was the
first to create a solar institute in Freiburg in 1981: the Institute for Solar Energy
Systems (ISE) became part of the Fraunhofer Society and was supported by the
regional government of Baden-Wiirttemberg. Today, it is a leading institute in
Germany and the world. Six or seven other institutes followed. The late
Werner Bloss created the Centre for Solar Energy and Hydrogen Research
Baden-Wiirttemberg (ZSW) in Stuttgart as an extension of his Institute
of Physics at the University. Then came the Institut fiir Solare
Energieversorgungstechnik (ISET) in Kassel, and others in Jiilich, Hanover,
Berlin, and so on. I was invited as a member of the founding advisory councils
of some of these institutes.

The main protagonists of solar cell development in the late 1970s and early
1980s in Germany were Dr. Eckehard Schmid from AEG in Hamburg for crys-
talline silicon and Prof. Werner Bloss from Stuttgart for thin-film cells. Around the
mid-1970s there was some disenchantment with thin-film cells of the CdS/Cu,S
type: in Germany, like in France and the US, activities were largely discontinued
at that time. The ZSW in Stuttgart switched its interest towards CIS, the copper-
indium-diselenide family of semiconductor materials.
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In the industrial world of PV in those days, Germany saw a lot of ups and
downs. Solar AEG disappeared from the map in the mid-1980s when the whole
company was sold and later disappeared altogether. Siemens in Munich, at that
time a newcomer acting with much arrogance, threw in the towel after its invest-
ments in PV cost the company almost US$1 billion over three years — and after
the acquisition of ARCO Solar in California turned out to be a disaster.

A notable personality of the industrial PV world in the Germany of the mid-
1980 was Werner Freiesleben. He was then a director of Wacker Chemie in
Burghausen in Bavaria. Wacker was, and is, the recognised world leader in the pro-
duction of purified silicon of semiconductor-grade quality. Freiesleben is a very
cultured man who lived in a medieval castle in the old town of Burghausen, where
he also happened to have regular chamber music evenings.

I had many interesting discussions with him. I remember once I had seen a
BBC report on climate change some 12000 years ago: the ice sheets melted, the
Sahara became a desert, and there was heavy precipitation (traces were visible on
the Sphinx at Giza, which in those days had the head of a lion); we agreed that all
this was due to a change in Earth’s axial inclination, though not why the axis
changed.

In those days, Freiesleben had a vision of starting a major development
programme for PV with Wacker. But the family-owned Wacker did not have the
appetite for the risks involved, and Freiesleben had to leave. I met him again in
Brussels in 1988 as a representative of the German chemical industry to the EU.
At his house, for the first time I met with Hermann Scheer, who wanted to see
me after having just created the EUROSOLAR association in Bonn. I invited
Werner Freiesleben to become the General Chairman of one of our big PV
conferences — which he kindly accepted.

There are only four major PV companies in Germany that have survived from
those days. The first is Wacker, which continues to be a global market leader for
pure silicon material. The second is SMA, the world leader in inverters that was
founded by Prof. Kleinkauf in parallel with the ISET research centre, which was
integrated into a new Fraunhofer Institute for wind energy in 2009. The third is
Schott Solar, which produces silicon cells and modules. It survived in Alzenau
despite many changes and consolidations after Werner Bloss had tried to implant
his thin-film technology into Nukem, a forerunner of the Schott Solar of today. The
fourth and final company is Wiirth Solar in Schwabisch Hall, which has produced
CIS thin-film cells since 2008. Mr. Wiirth had become very rich marketing wall
plugs. A few years ago, he made a smart decision to invest in PV and bought the
CIS technology from ZSW.

What also remain from those days are the unique visions of two outstanding
German individuals, Dr. Reinhard Dahlberg and Prof. Ludwig Bolkow. In 1986,
Dahlberg, who was previously with AEG, proposed — right after the Chernobyl
disaster — to deploy PV on a huge scale in the desert areas of Northern Africa. He
estimated that 45000 square kilometres would be enough to generate all of the
primary energy needed for West Germany. His idea was that the electricity might
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be converted into hydrogen for transport overseas. While such a proposal was
certainly not very realistic in those days, it had the merit of triggering awareness
about the enormous potential of PV to become a mainstream energy provider.
Indirectly, it contributed to the establishment of the huge domestic PV programmes
that have become a reality in Germany since then.

Ludwig Bolkow (1912-2003) was a great man. His main achievement came
after WWII when he founded his own aerospace company in Ottobrunn near
Munich. It merged with other companies in Germany and France into EADS,
which today produces Airbus airliners. When I visited him in Ottobrunn in 1994,
he received me like a friend, offering me a copy of his book of personal memories
(Ludwig Bolkow, Erinnerungen, 1994, F. A. Herbig, Munich). In it, he writes: “One
of my first understandings was that many officials and politicians had heard of
the problems of energy supply and its environmental constraints, but that they
were not aware that we must start immediately to change things.”

After retiring from his aeronautics company, he created the consultancy firm
Ludwig Bolkow Systemtechnik GmbH. He financed it with his own fortune and
earned substantial fees giving speeches all around the country. His consultancy
firm is still active today, after his passing, and plays inter alia a prominent role in
discussions about “peak oil”.

In the late 1980s and early 1990s, Ludwig Bolkow did three things. First, he
financially assisted various struggling companies, without requiring benefits in
return. Second, he lent his weight behind Dahlberg’s ideas on the large-scale
deployment of PV. His consultancy firm conducted a detailed study together with
other research institutes: besides conversion into hydrogen, electricity transmis-
sion via high-voltage DC was also considered. He writes: “We prepared a very
detailed plan and discussed it with Director Bauer at the Ministry of Research.
After a while, we got warning signals from Bonn. We had a new discussion with
the Minister and the official opposing the concept, Gerd Eisenbeiss. The latter
argued one had better start very, very small and create a Committee.” That dealt
the idea the fatal blow.

Thirdly, in 1987-88, the Bolkow consultancy firm prepared a study “to estab-
lish the cost of electricity production based on PV on a large scale, employing the
technology available at that time” for the Ministry in Bonn. When they presented
the results to the Minister, he was most satisfied and proposed holding a press
conference. This was sabotaged by Siemens Solar, who attacked the presentation
as “vision and wishful thinking without acknowledging the rigorous business
analysis we did”. Jilich then withdrew its support. The study was never pub-
lished. “After the management at Siemens had changed, the new people in charge
confirmed to the Bolkow consultancy that the results produced were ok and
Siemens agreed with them.”

In Brussels, we were not aware of the German saga on PV’s future. We initi-
ated and financed our own extensive studies on the same subject some years
later. Our approach was from a different angle; we will return to this in a later
section.
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6.4 PV Ups and Downs in Japan

Japan began its solar energy drive with the famous Sun Shine Project, which was
established after the oil price shock of 1974. The project was managed by the
Ministry of International Trade and Industry (MITI), since 1980 in association with
the New Energy and Industrial Technology Development Organization (NEDO).
Since the early 1980s, PV became one of its strategic priorities. Until recently,
Japan actually gave PV top priority among all the renewable energies, above
wind, hydropower or bio-energy — I do not know any other country that had
such a strong commitment.

Following the example of the US, the Sun Shine Project Committee had been
keen to establish realistic cost targets since 1986. Their conclusion was that
US$1/Watt to cover module manufacturing costs was feasible only if an annual pro-
duction volume of 100 MW per year could be attained. Crystalline silicon and amor-
phous silicon alike were considered to be possible routes to achieve the goal. But the
feeling was that “amorphous silicon was better suited for mass production”.

The central driving force for PV promotion in Japan was Prof. Hamakawa
from Osaka University. We benefitted from his keenness to develop international
contacts; his wife is a famous concert pianist who often performs in Paris and
other big cities around the world. Under his guidance, Japan set up the specialised
Asian PV conferences. Over the years, I was often invited to Japan as a speaker; it
gave me the opportunity to see all the different regions of the country where these
conferences were held. Some years ago, a deceleration in the domestic PV market
in Japan coincided with health problems Hamakawa was having. I personally

Figure 6. On the Great Wall, China, in 1986: Hamakawa (3rd from right); W. Palz (4th from right);
Schock (2nd from right) and Pfisterer (1st from right) from Stuttgart, Germany.
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Figure 7. From right: Ikki, Hamakawa and Palz.

think that there is a link between them: Hamakawa was less able to make sure that
things developed as rapidly as he wanted!

As a scientist, Hamakawa became a key developer of amorphous silicon solar
cells. Tremendous stability problems plagued this technology from the begin-
ning: the hydrogen ions in the material are so small and mobile that it is almost
impossible to keep them “quiet” in their positions in the crystal lattice. But his
persistence eventually paid off and he succeeded in perfecting the technology.
Today, amorphous silicon is produced in large volumes by the industry in Japan
and elsewhere.

For several years, the PV sector in Japan kept rather quiet, until a New Sun
Shine Project was created in 1993. In December 1994, the Japanese government
issued, within its New Earth 21 framework, a fresh initiative on PV: “Basic
Guidelines for New Energy Introduction”. These guidelines called for a PV capac-
ity of 4,820 MW to be installed in Japan by 2010. PV for export was not even
considered a part of this target. Up to 80 percent of all this capacity was planned
with building integration in mind.

Until 1996, public funding provided a 50 percent subsidy on the cost of PV
systems. This was subsequently reduced to 33 percent for private homes but kept
at 50 percent for PV facades and roofs of public buildings. The low interest rates
in Japan’s capital markets provided an additional incentive. Right from the begin-
ning, the programme was quite successful: between 1995 and 1997 the domestic
market increased ten-fold to 37 MW.

In later years, the Japanese government progressively reduced the subsidy to
zero. Not surprisingly, the PV market followed and shrank markedly.
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Nevertheless, the overall result has been respectable: by the end of 2008, the accu-
mulated PV capacity in Japan was 2,150 MW. It cannot be ruled out that by the end
of 2010, the original target may eventually be reached. Japan is undeniably one of
the world leaders as far as domestic capacity goes. Later in this book, we will
explore some new governmental decisions in 2008 concerning the adoption of the
“feed-in-tariff” system, which promises to boost the PV market.

Japan has traditionally had a strong PV industry. It has more than a dozen
major manufacturers of PV cells and modules; most of them are heavyweights on
the international markets. They specialise in all classical crystalline and thin-film
technologies, except CdTe. Sharp has one of the longest-standing involvements
with PV on the international markets; the company has operated on these markets
for four decades. Until recently, Sharp has been aggressively extending its produc-
tion capacity — up to 1000 MW per year. It was the world leader in crystalline
silicon cells and modules; not everybody understood why they switched to thin-
film cells at the very moment they had achieved that commanding position.

In 2008, the Japanese PV industry produced over 1200 MW; by 2012 this
production may have increased three-fold to 3000-4000 MW.

6.5. UNESCO

The United Nations Educational, Scientific and Cultural Organization in
Paris — better known for its World Heritage List — was once a principal centre
for international networking on solar energy. We have already discussed how, in
July 1973, the UNESCO Congress on the Sun in the Service of Mankind in Paris
set the ball rolling for renewed interest in renewable energy in modern times.

The people in charge at UNESCO at that time were Dr. Glitsch, later followed
by Dr. Lustig. Particularly good relations developed with Prof. Boris Boiko, who
took over in 1976. I worked with them as a consultant; my office in the 7th
Arrondissement in Paris was within walking distance of the UNESCO building. I
will never forget how Boiko’s charming wife invited us to a Ukrainian lunch at their
home. Together with Werner Bloss, we decided to forget the recent tension between
Germany and the Soviet Union — with many toasts to our new friendship.

In October 1976, UNESCO convened a small group of experts in Genoa, Italy,
hosted by the Italian government, with the aim to review possible co-operation on
solar energy. It, or rather we, recommended forming a European Council on Solar
Energy under the aegis of UNESCO. It could have been the start of a bridge
between East and West: the group had delegates from Moscow, Bulgaria and East
Berlin, as well as three officials from the EU Commission and other experts from
Western Europe.

Later, I wrote the book Solar Electricity, An Economic Approach to Solar Energy,
which was published in seven languages under the auspices of UNESCO in
1976-78. As 1 did not have much writing experience, certainly not in English,
I relied heavily on the help and advice of Lucian Crossby, UNESCO'’s scientific
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editor. They published some 35 science books a year. Bing, as he called himself,
became quite interested in our book project and we became very good friends. He
was much older than me and told me interesting stories about his life, such as his
experience as a British soldier in Palestine. But as I moved from Paris to Brussels
in early 1977, my direct contacts with UNESCO began to fade.

In the 1980s, a new manager for alternative technology at UNESCO came on
board: the Russian Boris Berkovski, who had good contacts to his Soviet home-
land. An American friend told me recently how he had shared a joke with the
Soviet man. He had asked the Russian what he would do if tanks invaded his
country from all sides. “Mobilise my troops!” Berkovski had declared. “No,” the
American had replied, “You should invest in the tank business!”

The Moscow Energy Club was created in the mid-1980s by academician
Sheindlin with the support of Boris Berkovski from UNESCO. I was invited to join
together with some important energy stakeholders of those days: Luis Crespo, the
“godfather” of solar thermal technology in Spain, and a good friend, Hans Blix,
the Director of the Atomic Energy Agency in Vienna, who later tried desperately
to convince George Bush Jr. that Iraq had no weapons of mass destruction. I
remember that when I gave an optimistic outlook for solar energy at one of our
meetings in Moscow, he replied angrily that this was all nonsense. When we were
taken to see Swan Lake at the Bolshoi, my neighbour in the theatre, a prominent
Britain from the Club of Rome, complained that each time he came to Moscow, he
could not escape his hosts taking him to Tchaikovsky’s famous ballet.

In February 1993, I was invited to a UNESCO round table in Beijing on
“Strategic Energy Issues in China”. This meeting was supported by many of the
different stakeholders in the Chinese government. From the 15 foreign experts
who attended the meeting, I was appointed Co-chairman of a session on the
“Energy System and its Future Prospects”. I remember well how the delegate
from EdF, Monsieur Christian S., took advantage of the opportunity given by this
conference to lobby our Chinese hosts on atomic energy. The meeting took place
at Tsinghua University in Beijing, and extensive proceedings were later published
by Atomic Energy Press in Beijing.

In July of the year commemorating the 20th anniversary of the 1973 solar
congress, UNESCO, in association with EUROSOLAR, organised a world solar
summit that brought together leading experts from all over the world to Paris. In
association with this congress, I organised a second Euroforum on Renewable
Energies. At that time, our EU R&D programme included more than 750
contracted institutions that co-operated in 200 projects with an overall budget of
€200 million. The Euroforum was an occasion to provide a cross-section of our
activities to the general public. Proceedings were produced later featuring all the
presentations, with Michel Rodot as the general editor.

On the initiative of UNESCO, a World Solar Commission was created in 1995
and a “World Solar Programme 1996-2005", which was endorsed in a UN General
Assembly Resolution in October 1998 as a contribution to the overall sustainable
development agenda. To support the implementation of the programme, meetings
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were held in 1998/99 by UNESCO in Bamako, Tbilisi, Quito, Harare, Tenerife, and
Moscow. Unfortunately, these activities came to a halt when Boris Berkowski
retired from UNESCO in the early 2000s. Since that time, UNESCO has largely
withdrawn from the international solar energy scene.

6.6 The Evropean Union

The EU research and technology development programme (RTD) of the European
Commission, the executive arm of the European Union, is a real powerhouse
today: the current five-year programme, which runs until 2013, has a budget
amounting to more than €50 billion, and all technological areas you can think of
are covered.

The programmes and all their many components are decided by the EU
Council of Ministers. The European Parliament has codecision power, with the
exception of nuclear and fusion energy, with a budget that currently amounts to
€2,500 million for a five-year period. The programmes are centrally managed
through multinational contracts by the Commission in Brussels; they are not
subcontracted to the EU Member States, but delegates from the Member States sit
on all the Consultative Committees, which have legal rights.

RTD in Brussels started in the early 1970s with a small programme on the
environment. An energy programme headed by Albert Strub followed in 1975.
I took charge of its Solar Programme in January 1977 and remained in that posi-
tion of responsibility without interruption until 1996. I mentioned previously that

Figure 8. Director General Giinter Schuster, the father of the EU Science and Research Programmes;
W. Palz.
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the first RTD programmes in Brussels were set up by Dr. Giinter Schuster, who
became the first Director General of Research. He conceived the five-year
Framework Programmes (FP) that are the basis of the EU development organisa-
tion until today. He was the one who hired me as an EU Commission official
in 1977.

The outline of the renewables programmes was prepared by the Commission
services under my leadership, screened by our Consultative Committee and even-
tually decided upon, as mentioned previously. During my tenure, we had five
successive programmes of approximately four years each; the budgets increased
from just €50 million in the first term to 100 million for 1992-94.

For the period 1989-91 the funding was drastically reduced; we were lucky
that it was not halted altogether after a new decrease in oil prices seemed to have
given decision makers the impression that energy was no longer an issue. It
should also be noted that the European Economic Community (EEC) — now
called the European Union — received three additional Member States in the
course of the programme: Greece in 1981 and Spain and Portugal in 1986. The
number of members would increase to 15; today, the EU comprises 27 countries
with over 500 million people.

At that time, the EU budget available to us for the solar programmes made up
no more than 5-10 percent of the overall spending on solar R&D in Europe.
However, it played a central catalytic role. Firstly, we connected the stakeholders
in transnational programmes and projects; in the early years when the EU
programmes began, we found that people in one particular country were well
informed about what was happening in the US — then everyone’s “point of
reference” — but were ignorant of what European neighbours across their
common border were doing. Secondly, we multiplied the weight of our own

_—

Figure9. The committee of the 1st EU PV Conference in Luxembourg in 1977. Sitting from left: Krebs,
Bubhs, John Goldsmith, Strub (Chairman), Magid, Durand, Fischer, Palz, and Reinhartz; standing from
right: Boiko (2nd), Pizzini (3rd), Moe Forestieri (5th), Brandhorst (6th), Treble (9th), van Overstraeten
(10th), and Rodot (11th).
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budgets, as our contribution to a particular project would cover only a minor
portion. Member countries and industry stakeholders were more than happy to
provide the remaining funds from their own portfolios, as they felt it was a priv-
ilege for them to become part of a programme where competition for contracts
was very strong. A case in point was Germany; its national solar energy budgets
were arguably a good deal larger than ours.

An important aspect of creating a “European PV community” was the organ-
isation of the European PV Solar Energy Conferences. As already mentioned, the
first such conference was set up by the EU Commission in 1977. In the early days,
deciding which cities should host these conferences on a rotating basis was polit-
ical. As the city with important headquarters of EU institutions, Luxembourg was
chosen for the first conference on September 27-30, 1977; my boss and good friend
Albert Strub became its Chairman. It attracted 500 delegates from all over the
world and its proceedings had 1400 pages.

The second conference was held in Berlin in April 1979, the obvious idea being
to support this dangerously isolated city, even though the conference’s means
were modest. The Chairman was the Flemish Prof. Roger van Overstraeten — for
him, also an opportunity to improve his German. The conference took place in the
“Oyster”, the new Congress Centre that had just been completed as a gift from the
American people to Berliners.

In front of the Conference Centre, we had installed a 5-kW PV generator to
drive five water fountains. When Commissioner Brunner came for the opening, it
was raining slightly — but still light enough to operate the fountains! Shortly after
our conference, the building partially collapsed and since then was no longer used
for congresses.

After Germany had to come France. Conference Number 3, at the end of
October 1980, was held in Cannes in the Palais des Festivals on the Croisette, and
I myself was Chairman. By then, attendance had already swelled to 700 partici-
pants. A major event was a PV auction in the prestigious Palm Beach gardens. The
auctioneer was Paul Maycock, our friend from the US Department of Energy
(DOE); it was an American-style auction and Paul has a good strong voice for that.
French cartoonist Reiser had graciously provided a few PV paintings, which were
auctioned to the highest bidder — the winner was van Overstraeten. Then, with
the money gained, we held an auction to find which PV company could deliver
the lowest possible module price; the winner was Solarex, represented by its
Chairman, my good friend Joseph Lindmeyer. The module price achieved there
was €5 per Watt; the modules went to a PV pump for the poor.

For the fourth conference, we went to Stresa in Italy because it is close to the
EU Research Centre Ispra. That was in May 1982; Werner Bloss was its Chairman.

The fifth conference was held in Greece, the origin of European culture — which
had in the meantime joined the EU. E. Fittipaldi from the Board of Enel in Rome
was the Chairman. The prestigious Opening Ceremony was held in the ancient
Odeon of Herodes Atticus, right below the Acropolis. It was attended by Greek
actress and politician Melina Mercouri (star of the film Never on Sunday), three
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Figure 10. The “Oyster” in Berlin, venue for the 2nd EU PV Conference in 1979; the PV generator and
the fountain were specially mounted for the event.

Figure 11. Committee of the 3rd EU PV Conference in Cannes, France. From right: Krebs, Wrixon,
Grassi, Sirtl, Schnell, Paul Maycock, van Overstraeten, Palz (Chairman), Backus, Barnett and Treble; on
the left: Barkats from Aérospatiale in Cannes.

more Greek ministers and VIPs. The sessions took place in an hotel in Kavouri.
The organisers, myself included, learnt only later that the hotel had actually just
been sold and the personnel had been planning a strike around the time of the
conference, but luckily that potential catastrophe was avoided.
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Figure 13. W. Palz with the Greek Minister Melina Mercouri.

The next conference was held in London, England. In 2010, we have the 25th
in Valencia, Spain.

Obviously, there was an interface between our EU programmes, with the
Implementing Agreements carried out by the International Energy Agency (IEA)
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Figure 14. The 11th EU PV Conference in Montreux, Switzerland. Clockwise from top: Leopoldo
Guimaraes (Chairman), Luque, Wrixon, Scheer, Pontenagel, Gotzberger, Hill, Bloss, Palz (Conference
Director), Strub, Treble, and Mrs. Hill.

1fy% 12th European
Photovoltaic
Solar Energy
Conference

and Exhibition

Amsterdam
11-15 April 1994

Figure 15. The 12th EU PV Conference in Amsterdam, Conference Committee. The Chairman was
Prof. Hill 2nd from left).

in Paris. They cover all the OECD countries: the Europeans, the US, Japan, and so
on. The difference between the EU and the IEA programmes was that the EU had
a relevant budget and the IEA did not. As a result, it was often the case that our
EU contractors attended — financed by us — all the various IEA meetings — one
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Figure 16. W. Palz, Conference Director, making a point at a Committee meeting. At left: van
Overstraeten; at right: Hermann Scheer.

Figure 17. Meeting with friends. From right: Charlie Gay (a long-time leader in PV in the US, now
the President of Applied Materials), Varadi, Dipesh Shah (then MD of BP Solar), Hill, Ossenbrink, and
colleagues.

week in Japan, then in California, then in New Zealand, etc. We from the
Commission were obviously not happy with this situation — at least not in
those days when I had a say.

My strategy was to have our own co-operation with the US programmes,
which were leading the world at that time. To that end, I had an agreement with
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Paul Maycock, then the man in charge of solar energy at the US DOE in
Washington DC, to organise a joint EC/DOE workshop on “Medium-size PV
Power Plants” in Sophia Antipolis, a nice spot on the French Riviera. The work-
shop was held in October 1980 with some 100 speakers from the US and
Europe. The proceedings of the meeting were produced with the Office for
Publications of the Commission and published by a commercial publisher in
Holland.

Later on, I pushed for a direct political co-operation agreement between our
EU programme on solar energy and the American one. The DOE was more than
reluctant to have an agreement, as they were happy with the IEA, which had been
created after the first oil shock and which, for them, was the right network with
the rest of the world. But it happened that I got some support from the responsi-
ble councillor at the US Embassy in Brussels. An official diplomatic agreement
was established between the DOE and us. It entered into force on December 17,
1982; I was “designated to co-ordinate the EEC’s participation in the now-agreed
Co-operation”. But, in practice, it did not help very much: Bob San Martin, the
Deputy Assistant Secretary for Renewable Energy, whom I knew anyway from
previous meetings, invited me for lunch in a nice restaurant at the L'Enfant Plaza in
Washington. And that was it. Why should they have sought additional co-operation
when they were so happy with their IEA?

From the start, photovoltaics were a major component of the EU energy pro-
grammes. The aim was to lay the groundwork for large-scale deployment of solar
energy in Europe’s future energy system. That was a time when the PV global
market was less than 1 MW a year; today it is 5000 times larger!

We did not want to miss out anything that could have been important for
rolling out a renewable energy, and in particular a PV, strategy, so we prepared
and published the results of the corresponding actions, including;:

e A strategic assessment of the technologies and their market potential.

e A resource assessment of the solar potential in Europe. In co-operation with
Europe’s major meteorological offices in a 10-year effort, the Commission
prepared the first Solar Radiation Atlas for horizontal and inclined surfaces.
We did the same for Africa from satellite data.

e A systematic effort with specialised institutes — like the Fraunhofer Institute
in Karlsruhe, Germany — to quantify the social and environmental costs of
energy production and usage. After the conventional energy industries saw
the conclusions, which did not look promising for them, they immediately
embarked on a counter study to prove that oil, gas, coal and uranium were not
all that bad.

e A clearing-house activity on misinformation and misunderstandings, such as
the energy pay-back time for PV modules [see Part I, Sec. 5.7] and the capac-
ity credit of PV power.

e An observatory of industrial development and the activities of the public
research establishments in Europe. In the early 1990s, Europe had the highest
density of cell and module manufacturing. Fourteen large or small companies

Copyright © 2011 by Pan Stanford Publishing Pte. Ltd.

49



50

Power for the World

were involved in crystalline silicon cells and the whole range of thin-film cells
from amorphous cells and the newly invented micro-crystalline silicon to
CdTe, CdSe and CIS.

At the EU Commission, we put our development priorities into (i) solar cells,
and (ii) system technology, full-fledged PV generators that produce electricity when
needed. A major priority was crystalline silicon technology. Our R&D effort pro-
duced a continuous stream of improvements. Highlights in the early 1990s were the
MONOCHESS project for mono-crystalline cells and MULTICHESS for the multi-
crystalline variation of silicon solar cells. There was no technological leapfrogging!
I would like to disagree here with some PV experts like the prominent and highly
qualified Prof. Martin Green from Australia, who keeps talking about 1st generation,
2nd generation, 3rd generation silicon cells.. For me, it has just been a case of incre-
mental improvements. When I returned from yet another PV conference, my supe-
riors at the Commission kept asking me if there was finally a breakthrough. I had to
explain to them that this was not the problem — the silicon of the day was already
well suited for mass production. In the field of thin-film technology, our pro-
grammes focused first on CdTe in the framework of EUROCAD. But our enthusi-
asm was severely tested when the key player, Battelle in Frankfurt, closed down.
Much work was done on CIS, namely, in the framework of the transnational net-
work EUROCIS.

From the outset, our EU programmes placed a particular emphasis on system
technology. This was all the more necessary as other national PV programmes, the
American one excepted, had put it on the sidelines. Our programme was actually
very sophisticated and complex.

Figure 18. The EU PV Pilot Plant at Cork, Ireland, for milk farming, 1983.
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Our first priority was PV for building integration. We initiated and supported
financially the construction of some of the first PV solar houses in Europe; today,
in 2010, there are hundred of thousands of them in Europe. Another key compo-
nent was the European PV Pilot Programme: 16 different PV systems were built
across Europe, covering as far as possible all of the region’s climate zones. We put
great emphasis on joint technological development: all 16 contracting groups were
regularly brought together for meetings that I chaired personally. All groups
shared their knowledge and worked together to create a common European base
for PV system technology.

All projects, with just a few exceptions in Italy that were late by a few months,
were commissioned on time in 1983. The overall power installed was 1 MW, the
largest plant being built on the island of Pellworm in Germany. Some of these sys-
tems are still operating today.

One of our key advisers on PV systems was the late Mathew Imamura. I got
to know him in the late 1970s when he chaired the solar activities at the US com-
pany Martin Marietta. He was born on the island of Guam and spent WWII in
Japan before eventually becoming a US citizen. After he had finished a job as man-
ager of the 500-kW PV plant that the US had installed in co-operation with Saudi
Arabia near Riyadh, I convinced him to come to Europe. He was extremely dedi-
cated to PV and a very hard worker.

The detailed report on the EU PV systems development work is given in an
annexe (M. S. Imamura, PV System Technology Development in the European
Community). The paper was published in 1988 and gives not only an overview of
the design work but also reports on the experience of the first five years. The paper
is part of the proceedings of the Euroforum New Energies Conference, which we

Figure19. The PV Pilot Plant at Pellworm, Germany, 1983; the largest PV plant in Europe at that time.
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Figure 20. The solemn inauguration of the PV Pilot Plant extension at Pellworm, 1992.

Figure 21. VIPs at the Pellworm inauguration: German State Secretary Neumann (2nd from left),
Eckehard Schmid (2nd from right) from AEG, who built the plant, and W. Palz (3rd from right).

organised in Saarbruecken, Germany, in October 1988. It provided a cross-section
of all our activities and achievements in renewable energy R&D. But we also had
invited presentations from Moscow, California and Japan. The conference
Chairman was Oskar Lafontaine, a well-known German politician, and the Chief
Editor of the proceedings was Commissioner Karl-Heinz Narjes, Vice President of
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Figure 22. M. Imamura (right) with Luque and Palz.

the EU Commission. A much more detailed analysis of the Commission’s PV
systems development work in the 1980s is provided in Photovoltaic System
Technology — A European Handbook by M. S. Imamura, P. Helm and W. Palz. This
550-page book was published in 1992 under copyright of the EU Commission by
H. S. Stephens, Bedford, UK (ISBN 0-9510271-9-0).

Also in the early 1990s, when we felt the large-scale implementation of
solar energy and all the renewable energies was approaching in Europe, we
embarked, through my EU development programme, on a new initiative to
prepare instruments for integrating these energies into the various levels of
society, to prepare for a new energy paradigm. The corresponding programme
was called APAS 1994, a French acronym for “preparatory and support
actions”. Funding of €25 million for contractual contributions through the
Commission had been made specially available by the European Parliament.
Hundreds of stakeholders from all over Europe participated in a collaborative
effort.

This massive programme was divided into five sectors. Here, we mention
some of the highlight projects:

o Urban planning: Towards zero-emission urban development

o Decentralised PV electricity generation: Study of large-scale manufacturing of
PV. Co-operation with developing countries

e Eurenet: European Regions Network for Renewable Energies

o Financial resources: Assessment of international financial resources and oppor-
tunities for the development and use of RE

Copyright © 2011 by Pan Stanford Publishing Pte. Ltd.

53


http://www.crcnetbase.com/action/showImage?doi=10.1201/b11118-2&iName=master.img-028.jpg&w=319&h=206

54

Power for the World

Figure 23. Meeting of the European Solar Council on October 21, 1994, at Sophia Antipolis, near Nice,
France.

e Prodesal: Towards the large-scale development of decentralised water
desalination

In 1993, I set up the European Solar Council, within the framework of the
APAS programme. It was an informal platform on renewable energy, also
called “The Club de Paris on Renewable Energy”, as its first meeting in 1993
was held in Paris — in the Louvre as it happened. It did not handle any budg-
ets and had no legal structure of any kind. It was set up in accordance with an
EU Council Decision putting in place the EU R&D Programme 1994-98, which
demanded specifically that “actions will be arranged by means of networks,
several of which will be linked in a ‘Major network for the development of RE’.
It will include among others thematic sub-networks, major European electric
utilities, leading architects and building engineers, specialised research
centres, pilot towns, regions and islands”. The Solar Council actually linked
those EU networks (which will be introduced in more detail in a later chapter),
including:

e EUREC, the EU Research Centres Agency on RE

e READ, the network of architects and building engineers
e CERE, the association of municipalities and towns

e EURE, the network of electric utilities

On the scientific and industrial fronts, we strengthened our PV co-operation
with the US, Japan and Asia in general by giving an additional push to our PV
conferences. I arranged with Denis Flood, then from NASA Lewis, to hold the 1st
World PV Conference with the US/IEEE and the Asian PV Conference organisers
PVSEC in 1994 in Hawaii, with Denis in the Chair.

The 2nd World PV Conference followed in Vienna in 1998; the Chairman was
Jiirgen Schmid from FhG/ISET. At this conference, at my request, we also created
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for the first time a World Award for Merits in PV. The award winner was Hermann
Scheer, MdB. The 3rd World Conference took place in Japan and the World Award
went to my friend Prof. Hamakawa, who I would call the father of Japanese PV.

The fifth conference in this series is being held in September 2010 in Valencia,
Spain. Like our European PV conferences, the World Conferences attract thou-
sands of delegates from PV science and industry; the associated exhibition in
Valencia receives 50 000 visitors — more than the America’s Cup that was held in
Valencia in 2008.

We entrusted EUROSOLAR in Bonn with organising the first European Solar
Prize in 1994. Since that time, the Prize is given regularly to reward the commit-
ment of European stakeholders in solar energy.

A milestone in the political promotion of PV in the EU came in 1993 when
Hermann Scheer, President of EUROSOLAR, proposed a 100000 Roof Programme
for the EU. Two years later, he proposed a 100000 Roof Programme for Germany
in the German Parliament; the conservative majority in the Bundestag turned it
down. Subsequently, Scheer’s initiative inspired other politicians to come forward
with programmes of “mass dissemination of PV” on their own. It became part of
the EU Parliament’s “Mombaur Report” in 1996, Clinton’s 1 Million Roof
Programme in the US, and the EU Parliament’s “Rothe Report” — but they were
never implemented. Scheer’s proposal began to be realised only on January 1, 1999,
following a decision by the Bundestag after he had introduced the proposal again
and it had received support from Finance Minister Oskar Lafontaine.

It is true to say, however, that in the early 1990s — while early pioneers like
Germany or Japan had already put in place supporting legislation for renewable
energies — the EU had not yet done so. The European Parliament called for sev-
eral Resolutions on the need for more support for renewables. In its Resolution of
January 1993, the EU Parliament made a farsighted statement that stands out as
one of the defining moments in the development of solar energy: “The EU
Parliament considers that a swift transition to energy systems based on renew-
ables, coupled with the necessary moves towards rational use of energy, is the
only means of halting the Greenhouse Effect.” This Parliamentary Resolution was
followed, as mentioned earlier, by the “Mombaur Report” in 1996 demanding a
“100000 PV Roof Programme” and the “Rothe Report” in 1997 demanding a “1
Million PV Roof Programme”. (In the spring of 1997, the US was actually putting
together “The President’s Million Roofs Solar Power Initiative”.)

But the European Commission did not react. And without the Commission,
no new legislation in the European Union can be put forward. It was only in 1997
that we were able to change that. At that time, the EU Energy Commissioner was
the Greek politician Papoutsis, and we were able to establish a direct contact via
my Greek colleague at the Commission, Arthouros Zervos. Eventually, in the
autumn of 1997, under the responsibility of the Energy Commissioner, the EU
Commission published a White Paper on renewable energy, which was
favourably received by the European Council of Ministers and the Parliament.
The White Paper included some specific targets that I had worked out and
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published at the Renewable Energy Forum in Amsterdam in May that same year:
doubling the share of renewables by 2010, achieving 3000 MW (3 GW) of PV
power by 2010 (the European PV market that year stood at 30 MW) and creating
157000 new jobs. I will come back to the philosophy behind these PV figures in
Part II of this book, but at this stage it should be mentioned that by 2010 our PV
targets had been comfortably exceeded.

With the 1997 White Paper on renewable energy, the floodgates for EU legis-
lation on solar energy and all other renewables were opened, and the EU was
finally in the driving seat:

e In 2001, the first Directive (EU Directives are legally binding for the 27 Member
States and its 500 million inhabitants) made it mandatory to generate 21 percent
of electricity from renewable sources by 2010; that goal has largely been met.

e A mandatory Directive from 2007/08, worked out under the German and
French EU presidency and published in April 2009 calls for a target of 20%
renewable energy penetration in the European Union by 2020. In this framework
the EU member countries commit themselves to achieving a share of 40%
electricity from renewable sources by that time — a very ambitious target
indeed. As for the share of PV as part of the conglomerate of technologies for
that electricity generation, the Directive demands that each one of the 27 EU
member countries submits its own target for approval by the end of 2010.

6.7 The G8

The G8 (France, Germany, Italy, Japan, the UK, the US, Canada and Russia) once
represented a grouping of the world’s most influential states. But that has changed
in the last 5 or 10 years: with the emerging economies of China, India, Brazil, and
a few others, the G8 are no longer the only important players on the global stage.

In any case, at the G8 Summit in Okinawa in 2000, it was decided that a task-
force would be created to put forward recommendations on “sound ways to
better encourage the use of renewables in developing countries”. VIPs from gov-
ernments and industry around the world, the EU, the IEA, etc. joined this task-
force under the leadership of Corrado Clini from the Italian government and
Mark Mood-Stuart from Shell. I also made a contribution as a member of the EU
Commission’s delegation.

An extensive report was produced and published in time for the following G8
Summit in Genoa, Italy, in 2001. It recognised in much detail all the benefits of
renewable energies for the global economy. For PV, it projected an installed global
capacity of 120 GW by 2020, increasing to 650 GW by 2030. The cost projection for
PV was not unreasonable either: between US$1000/kW and US$2000/kW,
depending on the need for additional investment to reinforce existing grid lines.

In its Genoa communiqué, the G8 came out with encouraging phrases like:
“We recognise the importance of renewable energy for sustainable development,
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diversification of energy supply, and preservation of the environment.” The real-
ity was different: the newly elected George W. Bush disliked the whole enterprise,
and the report ended up as waste paper in the archives.

6.8 The Energy Empire Fights Back

The established energy business is not something small. In 2007, the European
electricity market alone generated total revenues of over €300 billion. It is under-
standable that this conventional energy establishment will, initially at least, not sit
idly by as a new generation of solar enthusiasts stands up and tells them that their
business is bad and has to go. It takes time for an old system to understand that a
new era is coming and that it has no choice but to adapt.

At first, the conventional utilities disregarded the defenders of solar energy as
“quantité negligeable”. But some tried to ensure that they would not even get a
chance. In the early 1980s, the French government reduced the national budget for
PV to zero — after the Reagan administration in the US had just about done the
same. At the time, a director at a national French utility declared that wind energy
was like an HIV infection for the grid and that he would immediately retire
should a turbine be connected. But things change: today that utility is a leading
player in the wind and PV businesses.

When Hermann Scheer MP succeeded in getting the first “feed-in tariff” for
wind, small hydro, and a few other renewables through the German Bundestag in
1990, he took the established system by surprise. Political friends of the conven-
tional utilities had not expected that in one of the last parliamentary sessions
much would happen — and they had already departed for their summer vaca-
tions. When the electric utilities discovered that the new laws had given them
the key role of promoting wind energy, they reacted furiously: they went to the
highest courts in Germany, claiming that the law was illegal since subsidies are
incompatible with international competition regulations. But the courts found
that these were not subsidies, as the utilities had to pay for the tariff, rather than
any public sources. The German utilities subsequently went to the highest
European Court — only to lose again.

The conservative energy establishment also had its friends in the media and
in administrations. Franz Alt, a well-known German TV journalist with a pro-
gramme on nuclear plants, new energies and the environment, which was very
popular on state TV in those days, had to continually defend his case against his
own management.

In July 1990, a courageous Greek expert working at DG XVII — at that time
the code name for the Energy Directorate of the EU Commission — had projected
the first GW of wind power ever for European grids by 1996. Komninos
Diamantaras published his analysis in “Information on Demonstration Projects”
in September 1990. His superior, the Director Fabrizio C.D., found the projection
monstrous and removed Diamantaras from his post. But the projections were
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adopted a year later by the European Wind Energy Association (EWEA) in
“A Plan for Action — Wind Energy in Europe”, which received harsh criticism
from the nuclear lobby. Today, we are fast approaching 100 GW of wind power in
Europe’s electricity networks.

At that time, I had a prominent position at the European Commission in
Brussels as the Head of the Division for the Renewable Energy Development in
Europe. My group was located in the same building and under the same hierar-
chy as the European Directors for Nuclear Energy and for Nuclear Fusion
Development.

My solar energy agenda was considered too “noisy”, and my DG, an Italian
professor of biology, decided that I had to become the European “Testing Chief”.
Many Members of the European Parliament and influential friends in Brussels
tried to intervene on my behalf, but my superiors refused to revise their decision.
Eventually, the German government discreetly intervened and I was moved back
to the “solar job” with the personal apologies of the Commissioner, another Italian
politician.

After that, throughout the early 1990s, there were incremental efforts to
restrict my freedom to do the job. Directors Herbert A. followed by Ezio A. were
instrumental in that respect. It ended with a little “scandal” around 1995, when
my superiors, with the explicit approval of the responsible Commissioner,
downgraded one third of our PV proposals that we had — strictly following the
rules — retained for funding; the dispute concerned a budget of over €30 million.
The European Parliament began an investigation and German television reported
it in a major programme.

The EU Parliament would later remove the whole Commission from office
because of other mistakes that same Commissioner had made. And it was a par-
ticularly competent Commission: it was they who had facilitated the introduction
of the euro as Europe’s common currency.
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1. Basics for a New Solar Age
1.1 The Ethical Imperative of Phofovoliaics

Solar energy is not like any other energy! The Sun plays a central role in our exis-
tence: the Sun heats the globe to an acceptable temperature; otherwise, thanks to
geothermal effects, it would be just a bit more than the —270°C prevailing in the
Universe. And the Sun is at the origin of life. Photosynthesis, a highly complex
quantum process that involves four photons hitting a molecule at the same time,
is the source of life. And that is not even acknowledging the fact that to begin with
there was no free oxygen at all in Earth’s atmosphere: all the oxygen we breathe
today has at some point been liberated through photosynthesis.

Life and photosynthesis are gifts from Nature. Not so photovoltaics:
PV cells are very much man-made. The effect is actually less complex than
that in photosynthesis, but to have invented it is one of mankind’s major scientific
achievements. And this particular science has not just provided us with a nice new
theory but with something very practical: a noble way of harnessing the energy
from the Sun — our “mother” — in harmony with our natural surroundings.

Solar PV is a unique semiconductor process that has no equivalent
among all energies at our disposal. Its inherent characteristics are unique,
too: it is clean, it generates no “greenhouse gases”, it is available everywhere
on Earth — the ultimate decentralised energy source — from microwatts to
megawatts to gigawatts, and it will be available, for all practical purposes,
forever! The same is true for the semiconductor materials that are needed for
the production of solar cells, in particular the silicon that is non-toxic and
almost everywhere around us; it is one of the most abundant materials in the
Earth’s crust.
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1.2 Cost and Social Acceptance: Ingredients for a Viable Energy
Strategy

In adopting a strategy for PV implementation, it is wise to aim for a basis that is
acceptable to all players in the overall global energy field. That ultimately con-
cerns all of us, but it is also a global business worth over US$5 trillion a year, half
of it involving power generation. It is better not to link this to ideology because
there are so many different ones: in business terms, solar ideology does not carry
much weight.

A fair playing field for trade-offs in energy markets and strategies is simply
cost. It is the right common denominator for all kinds of energy. In view of the
extraordinary budgets involved in the energy sector — see the figures previ-
ously mentioned — it must be a major concern for national and global strategists
alike to ensure the most rational possible allocation of funds. There are so many
different options among the fossil, nuclear and renewable energies that decision
makers without a specialised background in energy can easily be led down the
wrong path, which may ultimately entail the waste of tremendous financial
resources.

Costs and prices are things everybody can understand. But costs must obvi-
ously be comparable and established with full transparency outside of vested
interests — by eliminating overt or hidden subsidies or other distortions of tax-
payers’ money, by demonstrating all hidden extras in the clients’ utility bills, and
by doing away with any other form of intervention with public money.

Although hardliners in the energy business are perhaps yet to appreciate it,
cost considerations do also have to be balanced by social considerations.
Ultimately, all energy solutions must serve people; they must be socially viable.
And given that decisions about investments in energy may have implications that
extend over a period of 50 years or more, they must be sustainable not only for
ourselves, but also for generations to come.

We have already underlined the following characteristics of PV, among
others:

e jtis clean in every respect

e itisavailable everywhere: there is no security of supply issue and no need for
imports;

e it meets energy needs in any form, decentralised or otherwise;

e the lifetime of power plants easily exceeds 30 years;

e no waste disposal is needed;

e decommissioning of power plants is unproblematic.

In the following, we quickly review some essential characteristics of the other

energy options considered for large-scale deployment now — and in the future in
competition with PV. For all fossil and nuclear energies that come in large
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centralised units, one has to consider the following costs to be added to the net
market prices as we see them today:

e subsidies using public money of several US$100 billion that interfere in the
markets each year to manipulate the prices of conventional electricity or fuels;

e the cost of the grids, pipelines, and maritime routes for transport and distri-
bution of electricity and the various fuels;

e the loss of electric energy within the grid, which typically exceeds 10 percent
of the production leaving a power plant;

e the all-too-often non-transparent way that utility operators define the trans-
mission and distribution costs to their clients;

e as far as transport by ships is concerned, the cost for society of a military
presence to provide security in some dangerous waterways in the Gulf or
Southeast Asia;

e the cost of diversification of supply: if, for instance, Western Europe cannot
be confident enough that the natural gas from Russia passing through
Ukraine will be reliable all the time, other sources that may be more expen-
sive and cumbersome have to be kept “on the radar”; bringing gas after
liquefaction by ship from Qatar provides the needed diversification, but it
adds to the cost.

A separate problem is the consumption of coal, the worst of the fossil fuels
as far as carbon dioxide emissions are concerned. On the other hand, it is rela-
tively cheap and abundant: coal will still be available when the last droplets of
oil and gas have long since been pumped out of the wells, and coal — “dirty
coal” in particular — is plentiful in some of the most energy-hungry countries,
such as the US, China and India. Hence, “clean coal” has recently been placed
on the agendas of energy experts around the world in association with the term
“carbon capture and storage”, or CCS. Clean coal is certainly an interesting
concept, provided that some of the following conditions and the costs they
imply are considered:

e the efficiency of such power plants, which include the extraction of the carbon
dioxide after combustion, is considerably lower than those without;

e such plants are a lot more expensive to build; one of the concepts being devel-
oped today is additional coal gasification instead of direct burning;

e the delays in building such plants are comparatively longer, a fact that adds
to the financing costs;

e pipelines for bringing the CO, from the power plant to the sequestration site
add to costs and raise issues of acceptance by the people living nearby;

e the sites for CO, sequestration are costly to develop and to maintain; there
may be additional costs associated with insurance against accidental release
of the gas.
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Another hot item on the agendas of decision makers on energy matters
around the world is atomic energy. I have some personal insights into this area
as it was part of my syllabus when I was a student of physics in Karlsruhe, a
well-known German centre for nuclear technology. My lecturer on atomic
power plants was Prof. Karl Heinz Beckurts, who was later the boss of Siemens
and tragically became a victim of a fatal attack by a home-grown left-wing
terrorist group.

Before addressing the cost aspects of atomic power, one has to look at the
social challenges. With much controversy surrounding it, nuclear power can only
be considered when there is a broad consensus on the subject in society — no mat-
ter how low or how high the production costs of electricity may be. And as not
everybody can be an expert in nuclear technology, people have the right to be well
informed about all the pros and cons before they make up their mind. For
instance, transparency has ensured that people have been made aware that living
close to a nuclear power plant is not without risks of leukaemia and other
cancers.

Another aspect that lies somewhat outside cost considerations is the interface
with nuclear weapons. The fact that this may be a particular headache is exempli-
fied by the ongoing discussions with Iran on the subject. Good luck to all those
who are considering nuclear power in Abu Dhabi, Kuwait and Africa.

In addition to the net building and operation costs of a “sustainable”
atomic power plant — putting aside that for some people this is a contradiction
in itself — there are further considerations that may be summarised in the
following;:

e All construction costs should be borne by the owners, without exception.
Financing is also an issue: it is current practice that the industry enjoys pref-
erential rates of interest, borne by public funds.

e The security of nuclear power facilities is quite another matter compared to a
plant that uses fossil fuel. Confidence in France was shaken in late 2009 when
the government had to intervene to warn builders of the latest generation
nuclear plant in Normandy that the security system on the drawing board
was inadequate. In this case, considerable additional costs resulted from the
need for hasty modifications.

e Plants need to be fully insured against accidents, including the severe case of
an explosion. Insurance coverage must be borne by the owners, not by public
resources.

e Plant owners must bear the cost of proper nuclear waste transport and
disposal.

e The cost of decommissioning a plant at the end of its life must be borne by the
owners; such costs can be as high as the costs of construction.

e Construction time over many years and typically also delays result in costs
that do not exist for PV and other renewable energies.
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1.3 PV as Part of a Holistic Approach Towards Renewable Energy
Implementation and Energy Conservafion

Could solar PV alone meet the planet’s total electricity demands?

According to the US Energy Information Administration, the overall installed
PV power capacity worldwide stands at 4,500 GW in 2010. To illustrate this
abstract figure, consider that the US has installed 1000 GW in total, China has
800 GW, and Germany has 120 GW. Consider, too, that 1 GW stands for 1 million
kW, and 1-10 kW is the range of power capacity that a household in an industri-
alised country typically demands. By 2025, the US Administration projects that
worldwide power capacity could hit 6000 GW. By that time, China will have
surpassed the US as the country with the highest electric capacity installed.

If we wanted — just in theory! — to meet all our electricity demands world-
wide with PV, we would need roughly five times that capacity of 6000 GW pro-
jected for 2025: 1 kW of PV capacity generates on average some five times less
electric energy over time than the conventional electric power plants of today. This
means that we could meet our worldwide electricity needs with PV generators of
30000 GW in total deployed across the globe. All in all, these hundreds of millions
of PV generators would require an area just half the size of France.

Hence, finding enough space would not be a problem. But storage would be a
challenge. In an energy system utilising solar PV exclusively, the need for storage to
bridge periods of deficient radiation would be extraordinarily large. With the mobil-
isation of the best hydrogen, electrochemical battery, pumped hydro, and com-
pressed storage technologies, among others, it may eventually be possible — though
not likely by 2025 but later.

Thus, the answer to our initial question is “yes”. Technically speaking, it
would be possible for PV to monopolise the global electricity system — but for
cost reasons, such a proposal would simply be nonsense.

The solution will need to combine PV power with other forms of solar-
derived power and the other renewables. Ultimately, a comprehensive hybrid
system in which solar power, wind power, bio-power, hydropower and others
complement one another will not only be the cleanest but also the cheapest
solution. The time will come when the renewable energies together will beat all
other conventional forms of energy in terms of cost effectiveness. PV is smart and
attractive; it is the orchid among energies — but you also want to see other flow-
ers in your garden, not just orchids. Ecologists call it the monoculture issue. These
other abundant flowers should be the renewable energies, not the classical non-
renewable ones: you would not want your backyard full of cooling towers and
chimneys from coal or oil plants, or the domes of nuclear reactors.

The first alternative renewable energy that comes to mind is biomass; in many
parts of the world, it is the dominant renewable energy in use today. Indeed, in
quantitative terms, it is always going to be important. In the organic world in
which we live and of which we are ourselves a part, the cycle of life ultimately
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creates, in enormous quantities, material such as agricultural and forestry
residues, sewage and other liquid effluents from farming; the most appropriate
way of making use of them is by extracting the energy content by means of burn-
ing or biological digestion.

There are also important additional markets like short-rotation forestry and
other energy farming, liquid biofuels such as ethanol from sugar, starch and
vegetable oils, and biodiesel from oil seeds. Biomaterial is used as wood and other
cellulose material for burning — that is as old as man’s discovery of fire — and in
more modern forms as wood chips and pellets. Methane is produced from
landfill waste or using dedicated biogas systems where effluents are digested
sometimes in combination with whole energy plants like maize.

Wind power has to be included in our analysis as well. Wind power has
developed tremendously over the last 15 years or so: within a very short time it
is accounting for 4 percent of the world’s total installed power capacity; by late
2010, close to 200 GW of wind power capacity will be in operation. In Europe at
least, it is true that the way wind turbines are installed today needs improving:
some are not working at all and others are real eyesores. This is the result of a
rapid growth in wind turbine business between 2005 and 2008 and too much
easy money for the installers. But these setbacks are not serious. There are essen-
tially two issues standing in the way of even more extensive deployments of
wind turbines: firstly, the lack of sufficient grid capacity for electricity transport
between wind-rich areas and the main consumption centres, such as in China;
secondly, the challenges of developing the market for offshore wind farms, such
as in the North Sea.

Hydropower is a heavyweight among the renewable energies as well; it is
going to maintain its strong position for the foreseeable future. China, which
dominates the world market in this sector, has a particularly strong industry, in
particular for the mini-hydro segment (plants of up to 10-50 MW power capacity).

Among all renewable energies, hydropower and bio-power systems can be
operated continuously, while solar and wind resources are intermittent. By oper-
ating several of them in combination, one can ensure a 24-hour continuous
supply. This has already been demonstrated in Germany, where plants in differ-
ent parts of the country connected via the national grid were run in “harmony”;
they were managed in such a way that permanent supply was available as needed
at any time.

How much solar PV power capacity will make it into the world market in
the long run can only be a matter of speculation at this stage. Twenty percent of
global electricity generation, corresponding to an installed power capacity of
8000 GW distributed across every continent within 50 or 60 years is not an
unreasonable projection. In practice, what we have achieved at best today in
2010 is a 2 percent electricity contribution in Germany coming from 10 GW of
PV, i.e., 10 percent of the national power capacity installed.

Another solar power option different from PV should also be mentioned in
this section. Plants harnessing solar thermal power (usually called concentrating
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solar power, or CSP) employ the concentration of solar radiation via mirrors to
produce temperatures of 300°C to 500°C, depending on the type of plant, in a
circulating fluid. The fluid drives a turbine, often coupled with a natural gas-
driven power generation system.

There are more than half a dozen different types of systems, the dominant
ones being a tower system surrounded by many reflecting mirrors that concen-
trate the Sun’s rays on a receiver on top of the tower, and another with curved
reflecting mirrors in the form of troughs.

The first solar tower system in Europe and the world was Eurhelios. It was
built at the end of the 1970s in Adrano, south of Mount Etna, in Sicily, by an
international consortium under contract with the EU Commission. I was the
project manager. The 1-MW plant was eventually commissioned and fed
electricity into the Italian national grid. Later, the Commission discontinued its
activities in this sector, as the experience gained was not conclusive. PV was
considered more promising and became the preferred option for further
development.

Other thermal power plants of this type were built in the US, Spain, France,
and other countries. Solar Energy Generating Systems (SEGS) in California,
which uses parabolic mirrors, is the largest solar power plant in the world and
was built around the time of President Carter in the late 1980s. But international
interest in both options — tower systems and the trough-mirror plants — vanished
very rapidly.

Over the last few years though, CSP systems have been attracting renewed
interest. The Germans and others are international leaders. By the end of 2009,

Figure 24. The 1-MW Eurhelios, the world’s first solar thermal power plant, at Adrano, under the
Etna volcano, in Sicily, Italy, 1979/80.
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Figure 26. A heliostat at Eurhelios and W. Palz, project leader, 1979.

80 MW of new CSP systems were running in southern Spain; there is still much
interest in the dry, sunny areas of the south-western US.

The Germans have also put CSP on their agenda with proposals for a large-
scale implementation in the Sahara Desert with transmission of the generated
solar electricity to Germany by cable. The so-called Desertec project would cost
some €400 billion.
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Figure 27. W. Palz at a 50-MW solar thermal power plant with “mirror trough” concentrators at
Puertollano, Spain, October 2009.

CSP for electricity generation from the Sun cannot, in general, compete with
PV. Unlike PV, CSP technology is strictly limited to deployment in “clear-sky”
regions, and it only comes in multi-MW units. PV can also be built in large area
units and in hot climates, but it is not restricted to this type of use; and it does not
have the drawback of needing a cooling source as CSP does to get the thermody-
namic process running. Supporters of CSP usually stress the possibility for contin-
uous operation via a built-in thermal storage of the heat energy collected by the
optical concentrators. PV does not offer this possibility, as radiation is transformed
directly into electricity without a thermal process.

As previously explained at length, the best way to differentiate between com-
peting technologies is cost. The figures publicly available today provide sufficient
evidence that PV is cheaper to install and operate than CSP. The addition of costly
thermal storage puts CSP at a further financial disadvantage. Millions of PV
systems of all sizes and for all climates — from the South Pole to the hottest spots
on Earth, and even in space — have been installed to date, compared to only a
handful of CSP plants. Today, the total capacity of PV installed worldwide is over
25 GW — more than an order of magnitude more than that of all CSP systems
combined. The confidence in the operational, financial, commercial and social
aspects of PV really cannot be compared.

To conclude this section, a word about energy conservation. As the saying
goes, there is no cheaper energy than that which is not produced nor consumed.
Rational use of energy and energy conservation are extremely broad and diverse
areas of interest, encompassing both the supply and the demand sides.
Energy conservation deserves the highest priority, but it cannot be the only energy
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story: one has to first talk about energy generation before there is something to
speak about conserving. Going into any detail on this subject is beyond the scope
of this book.

1.4 What abouf the Power Planis on the Road?
1.4.1 Car drivers and their power plants

We have already seen that — with the notable exception of PV — 99 percent of
global electricity generation involves the intermediate step of “mechanical
power” conversion. In virtually all cases, this is achieved via a turbine — except
for a few diesel generators.

The automobiles on the world’s roads are all driven via mechanical power as
well. And there are many of them: more than a billion cars and trucks, each year
joined by more than 50 million new ones. As long as we have driver’s licences and
vehicles, we are all power plant operators!

All cars are driven by “piston engines”; they do not employ turbines like in
electric power plants (they would have to be micro-turbines — and that turns out
to be less practical). The combined power capacity of all automobiles adds up to
a tremendous figure: more than 60000 GW of “piston engine” power. The
mechanical power of combustion engines in cars on the roads today is 10 times
the power of the global electricity generation capacity in terms of “turbine”
power!

Only when one considers the energy produced, does one find a better equilib-
rium. A typical large turbine in an electric power plant runs some 6000 hours a
year while a car drives in general no more than 200 hours during that period. The
energy generated by electric power plants globally is somewhat higher than that
of all the world’s cars in a year.

Today’s car engines are technological marvels. They represent an extraordi-
nary maturity of development. They are extremely reliable, too, and it is for this
very reason that anybody can drive a car without having to constantly rely on a
mechanic.

When applying the criterion of cost as the benchmark for energy trade-offs as
we introduced previously, we again find an impressive advantage for the car
engine: its cost per kW installed is some 20 times lower than that of the turbine. It
is only when it comes to operational lifetime that the turbine comes out on top; it
can easily run 30 times longer over its useful life than a car engine.

In conclusion, it makes a lot of sense to also consider car engines for station-
ary applications of electricity generation, provided one can reduce the running
time and increase lifetimes accordingly. This can obviously be achieved via the
addition of an electrochemical battery. Ultimately, this means a hybrid system,
a stationary version of a hybrid car engine, of the type used in a Toyota Prius.
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In comparison with a traditional heating system in a building, the hybrid system
can provide full autonomy, as the same fuel serves to meet all the electricity
demands of the building.

The efficiency would be much higher than that of an equivalent system in a
hybrid car. In a car, the heat generated in the combustion engine goes into the air
as waste energy; in buildings it could be used to meet heating demands.

This type of stationary system is currently not yet in use anywhere. One rea-
son may be that it has only been a few years since the emergence of the hybrid car.
We will discuss this issue further in a later chapter on future strategies.

1.4.2 Mobilising PV for transport

Operating PV on vehicles is a much greater challenge than integrating it into
buildings or having it firmly installed on the ground. Stand-alone systems of this
type cannot rely on the electric grid for back-up power and must include a battery
if they require bridging times where there is insufficient radiation. It is true that
space satellites also belong to this category; but there the power needs are rela-
tively small and are not for propulsion.

Early on, the challenging task of PV for vehicle propulsion was taken up
with enormous enthusiasm. And the people involved had fun — very much so
in fact! Passenger boats that cruise on lakes have been built and a few of them
are in operation here and there. Even ultra-light aeroplanes, relying exclusively
on PV to drive their propellers, have been built and flown — raising enormous
public attention in the media. “Solar Challenger” was the first solar aircraft; it

Figure 28. A Swiss solar PV boat.
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Figure 29. The world’s first solar electric car, the 1912 Baker Electric Brougham, probably with sele-
nium solar cells.

was built in the US by Howard Hughes and Paul MacCready. In 2012, Bertrand
Piccard plans to fly around the world in his aircraft “Solar Impulse”. (Piccard
was part of the first team to fly around the world in a balloon in 1999.) The
plane’s four electric motors will be solely powered by PV. A prototype of the
aircraft already exists and got a first roll out at Zurich airport in Switzerland in
20009.

Perhaps the most impressive development of them all was PV for automo-
biles. One of the first light trucks fully covered with solar cells is from 1907.
The photo in Fig. 29 shows one from 1912. Switzerland, a pioneer in the field,
became involved in solar cars in the early 1980s. The starting point was the
involvement of the Swiss in a European programme, COST, to build a “hybrid
car” with Volkswagen. Since 1985, solar car races have been held in the
Alps — the “Tour de Sol” — and since 1987, solar cars have raced 3000 kilome-
tres across Australia from north to south in the World Solar Challenge. The US
Sunraycer was the winner of the first race. GM developed the car with NASA
software for US$15 million. Fifty-three cars from countries such as Japan, the
US and Switzerland took part in the third event in 1993, which was won by
Honda. Dick Swanson, a Becquerel Prize Winner who had provided the solar
cells for the Honda car, personally attended the festivities in Adelaide,
Australia.

Representing the Swiss colours at the World Solar Challenge, the “Spirit of
Biel” (Biel/Bienne is a city in central Switzerland) was co-sponsored by Nicolas
Hayek, better known for his Swatch watches. Hayek understood that the world
would have a problem if everybody had a car with a combustion engine. Hayek
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talked to Renault about it and eventually announced his solar electric
“Swatchmobile” in 1990; a year later, he had a joint venture with Volkswagen to
develop it in Biel. The design followed one that the glider manufacturer Bucher in
Switzerland had developed in 1985.

What remains today of Hayek’s forays into automobiles is not an electric car,
but the “Smart” car built by Daimler-Benz, the result of another joint venture
between Swatch and the car industry.

These days, electric cars are back in the public spotlight. Toyota’s Prius hybrid,
already in its third generation, is available upon request with a PV roof. But this
does not help with propulsion — it is more of an ecological “goodwill flag”.

2. Driving Forces
2.1 Aspirations of the People

For many years, opinion polls conducted on the acceptance of solar energy have
demonstrated overwhelming support and virtually no opposition. This is
surprising, since at the beginning of the appearance of PV on the market, people
did not have a precise idea about what solar energy really meant. Even the elites
and normal politicians had never heard the term “photovoltaics” — well, it’s true
it is a bit of a tongue-twister.

People were even ready to pay a little extra to get green energy instead of the
conventional ones: this was the idea of the green tariffs. In those days — in the
1990s — my own position was against the idea of higher prices for cleaner energy:
it could not be right that people buying “clean” energy had to pay more than
those who bought the polluting energies. In fact, this is the background behind the
“feed-in tariffs” (FITs) that triggered a revolution in PV deployment; we will come
back to this and other support schemes later. FITs actually ensure that people who

Figure 30. Ecological people’s club, Tokyo.
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Figure 31. Ecological women’s club, Kathmandu, Nepal.

buy polluting energies pay more per kWh than those who buy clean solar energy.
The extra financial support that is needed to trim the solar cost down to a compet-
itive level is borne by everyone, not only those who commit themselves to a noble
endeavour.

In the past it was normal practice for the subject of electric power generation
to be kept out of public discussion — a deficiency in the democratic system that
periodically caused conflicts in society. This was the case for atomic power plants
in particular, but also for coal and for large hydroelectric dams. Even the deployment
of wind turbines suffers to some extent from the NIMBY, or Not In My Backyard,
effect. To dampen such opposition, promoters of projects often offered some finan-
cial benefits on top of local job opportunities and tax benefits.

PV has not suffered the same problem: it is not only widely accepted, but
people have demanded it — and right in their backyard. This is an entirely new
situation that we have hardly ever seen before when it has come to finding sites
for power plants. Opposition has only been raised when some developers have
planned to install mega-size PV plants on, for instance, good agricultural land or
in areas of natural beauty that are of a high value for leisure. But there are enough
other sites available — in Germany the first such plants were installed on aban-
doned military sites — but above all in particular in the built environment.

2.2 Preserving Nafure and Alleviating Climate Change

I remember well that even in the late 1990s, there was not yet general acceptance
that man’s activities were causing climate change. In the Enquéte Commission on
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Energy of the German parliament in Berlin in 2000-02, of which I was a member,
we spent a great deal of time refuting claims that changes in the global climate
were simply due to the Sun’s activity cycles.

When the Intergovernmental Panel on Climate Change (IPCC) declared
that there was indeed a “global change” in Earth’s climate due to man-made
greenhouse gas (GHG) emissions, there was a general political consensus to
combat those emissions — namely, those due to the operation of conventional
fossil fuel burning power plants. In 1997, the Kyoto Protocol was adopted,
fixing emission reduction targets by 2012. It was ratified by 187 states, but
crucially not by the two nations with the highest emissions: the US and China.
Although the EU — the “top of the class” — is about to achieve the commit-
ments it made, globally the CO, content in the atmosphere never stopped
growing (except in 2009 when the financial crisis brought down GHG emis-
sions by 2 percent).

In December 2009, negotiations took place in Copenhagen in an attempt to
find a treaty that could replace the Kyoto agreement. Though the presence of the
world’s most powerful heads of states and governments was an encouraging
expression of the awareness of the gravity of climate change, the talks in Denmark
ultimately made little headway. With national interests taking precedence, it
seems that our planet is destined to continue on its collision course, and the
consequences of inaction are certain to affect everyone — in particular those in
developing countries.

Solar energy and the renewable energies in general are the only options — next
to energy conservation — to solve the climate crisis, and this conclusion enjoys
wide consensus among energy experts around the globe. There are certainly those
defenders of “clean coal” and atomic energy, but both remain the subject of social
and political controversy that has escaped the renewable energies. Solar energy
and PV in particular do not emit GHG. This is also true of wind, hydro, and other
renewables; even the use of biomass is neutral in terms of CO, emissions. We will
see later in this book that they could be exploited extensively, rapidly, and at
reasonable cost.

Carbon dioxide is not the only problem associated with conventional power
generation that does not apply to solar energy. Coal combustion is a particularly
severe polluter. Emitted compounds such as sulphur reacting with water
molecules produce acid rain, and Europe had to make a comprehensive effort to
equip its plants with emissions cleaning technologies to mitigate the problem.
China, too, is enforcing strong measures to promote “blue skies” in its cities: in
Beijing, heating with coal furnaces is being progressively eliminated, with a very
real effect on air quality.

There are also pollutants that cannot be seen nor smelled. The radioactive
effluents from nuclear waste reprocessing plants at Sellafield in England and at La
Hague in France can even be detected at Murmansk in the Arctic Sea. In the early
1990s, our EU programme funded the first wave power plant at Inverness on the
north coast of Scotland. At one stage the whole power block fell into the sea and
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could not be recovered: it was officially declared radioactively contaminated by
the waters of that sea.

Switching to solar energy kills two birds with one stone (that’s only a saying:
solar energy kills nobody!) as it does not release harmful and noxious emissions
or contribute to climate change.

2.3 Peak Oil

Logic dictates that the quantity of fossil and uranium resources in the ground
must be limited; if they were somehow replenished, we would certainly know
about it. Serious insiders in the oil industry claim that “peak oil” — the point in
time when half of the recoverable global petroleum resources have been con-
sumed — is now upon us. This is based on predictions by the geoscientist M. King
Hubbert, who had correctly predicted that peak oil for domestic reserves in the US
would occur between 1965 and 1970.

Colin Campbell is just one of the many oil experts who also defend the oil
peak theory. In the US, many reports have been written on the subject. In Europe,
the Energy Watch Group, under the auspices of EUROSOLAR, is a prominent ana-
lyst of peak oil. It is associated with the Bolkow Foundation with the protagonists
Jorg Schindler, Werner Zittel, Harry Lehmann, and others, with political support
from Hans-Josef Fell MP.

However, the theory also has many opponents. Listening to some representa-
tives of the oil industry or of the US Geological Survey, you could easily get the
impression that there must be an unending supply of oil and natural gas. As far
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Figure 32. Oil consumption and new discoveries.
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as the IEA in Paris is concerned, we have recently seen a shift in position. Once an
advocate of almost unlimited fossil resources, more recently it has joined the
swelling tide alarmed by the prospect that all of the world’s hydrocarbon
resources might be exhausted 50 years from now — oil a bit earlier; natural gas a
little later. Only coal seems to be in sufficient quantities to last well into the next
century — but that is the most odious climate killer of them all.

Once again, solar energy is the obvious alternative, a way to free ourselves
from the worries of peak oil and the risks of damaging market speculation, as we
saw in 2008. While the fossil resources represent a static deposit of energy
capital, solar energy is absorbed permanently by our planet in huge quantities:
the energy received from the Sun was around 10000 times the average of
15000 GW of global consumption in 2008. And that supply is, for all intents and
purposes, unlimited: there will be no “peak solar energy” for billions of years to
come.

2.4 Energy Security of Supply

Large blocs of countries, like many individual nations, rely to a large extent on
energy imports. The EU currently imports half of its total energy; Germany
imports 62 percent. Japan is one of the most vulnerable countries, importing
83 percent of its energy. China and the US rely heavily on their own coal
resources, which makes them look a bit better in terms of energy independence — but
worse as GHG emitters. The US still imports 31 percent of its total energy. China
relies on coal for 71 percent of its consumption but has to import 40 percent of its
petroleum. The upward trend of fossil energy imports looks unstoppable: politi-
cally and economically, the world’s major economies are becoming increasingly
vulnerable.

At the same time, it is common knowledge, at least since the oil price shock of
1973, that the hydrocarbon resources in the ground are concentrated in the Middle
East, which is not a very politically stable region. The risk of military conflict is
inherent in the region and the costly deployment of armed forces is a necessity. As
for European gas supply from Asia, three different pipelines are in use or under
construction, but ultimately it will be hard to escape Russian control — as some
politicians would prefer.

This situation is clearly not sustainable: the risks of possible disruptions to
supply are just too high. A responsible policy for a sustainable and secure energy
supply must be sought from domestic resources. Unlike fossil energies, renew-
ables are available everywhere, and they are the only viable solution from that
point of view.

In the autumn of 2009, Germany made some very enthusiastic proposals for
the deployment of huge solar plants in the Sahara Desert (the Desertec project)
that would supply electricity to the country via long-distance cables. But on the
crucial point of security of supply, such plans are not realistic. Priority should be
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given to the deployment of solar plants in North Africa to meet its own needs,
rather than for export; Germany has adequate solar resources of its own.

Such conclusions do not mean one should not balance solar or wind exploita-
tion between different regions via transport by electric cables. One example is
China, which has ample renewable resources in the west of the country far away
from the consumption centres on its eastern coast. Others are the US, with its high
solar irradiation in the southwest and strong winds in the Midwest, or Germany,
with the huge wind resources of the North Sea. Connecting favourable production
sites with the major demand centres makes good sense, but the exploitation of
renewable resources at only the most favourable sites should not be the exclusive
approach. In particular, at the micro scale, solar energy is a possibility just about
anywhere. Building-integrated PV is indeed a ubiquitous solution, ensuring secu-
rity of supply on the individual scale.

I have had a PV generator on my house in Brussels for many years. It was one
of the first in the city, built before the Belgian government introduced any subsidy
schemes. My solar generator also has a large storage battery. In September 2009
when half of the city was without electricity for several hours, visitors to my
house wondered how we had electricity while nobody else did. This is security of
supply for the people.

3. The Role of Stakeholders in Society
3.1 Governmenits and Administrations

Solar PV is very much a newcomer on the world’s energy markets: before 2000
it was largely unknown by the general public. Mass production is the key to
reducing costs and gaining competitiveness on liberalised markets: historically,
PV was an expensive technology, partly because, for a long time, its key market
was extremely small and restricted to applications in space where the main cri-
terion is weight rather than cost. Intervention by governments has been indis-
pensable in providing the necessary impetus to get out of the vicious circle of
“no market — no mass production — no market”. Measures to push technolo-
gies considered by a number of authorities have taken various forms: carbon
trading, green certificates, quota systems, and renewable portfolio standards
(RPS), to name just a few.

We have already seen that the financial support that was first tried, in particu-
lar in Germany and Japan, was for “PV roof programmes”. The first such pro-
gramme was initiated in Bonn by Walter Sandtner on behalf of the German
Research Ministry; it financed 2,200 PV roofs, beginning in 1989. From 1994, a sim-
ilar programme was conducted by the Japanese. A new German 100000 PV Roof
Programme ran from 2000 until 2003; it was actually a 300-MW PV programme that
included a “zero interest rate credit” and a 12.5 percent subsidy. The purpose of the
FIT that was decided later was to strengthen the 100000 PV Roof Programme and
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Figure 33. “Solar conspiracy”.

enhance its profitability. Initially, only projects that were already part of the 100 000
PV Roof Programme were eligible for further support by the FIT.

The 300-MW cap was removed by law — despite the opposition of Jiirgen
Trittin, Minister of the Environment at the time — following a “preliminary law”
(Vorschaltgesetz in German) initiated by Hermann Scheer in the Bundestag. This
happened in autumn 2003 to avoid any gap in the funding for PV; the Renewable
Energy Sources Act (EEG in German) became law only in 2004. To compensate for
the disappearance of funding via the 100000 Roof Programme, which had been
completed in the meantime, the FIT was increased by some 20 percent to 59 euro
cents. It was this measure that initiated the boom in the German PV market that
began in early 2004. Stocks in German PV companies soared by up to 2000 percent
in value.

This exciting turn of events proved that the FIT system was the only PV support
policy that really worked. FITs were introduced by the German government after a
vote in the Bundestag as early as 1990 and had first proven successful to promote
wind power. Through our EU Programme on Renewable Energies, we had previ-
ously provided contractual support to EUROSOLAR, chaired by Hermann Scheer,
to formulate the details of this scheme. I remember complaining about this new
“German” phrase feed-in, which sounded strange to me. The “feed-in law” was
renamed the Renewable Energy Sources Act (Erneuerbare-Energien-Gesetz, or EEG) in
April 2000.

The EEG obligated electricity grid operators to provide free access to the
grid for all PV and other forms of renewable electricity generators, without the
need for contracts with plant operators; it did away with all the superfluous
administrative hurdles. Not much of a role was left for administration in the
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EEG — at least not in Germany — though it may be different in some “Latin”
countries.

An important financial improvement of the “feed-in” system over the PV
Roof Programmes is that rather than operate on the investment cost at the front
end, it provides a commitment for a period of 20 years (25 years in Spain and other
countries) to regularly pay the PV electricity supplier a fixed price per kilowatt
hour. In summary, the difference between the two is as follows:

e The EEG provides a purchase guarantee of all the electricity produced over
20 years or more.

e In the German version, as is also the case in most other countries, the tariff
height is such that the owner is paid the total cost and a profit on top.

e The owner must in principle (in practice there is additional financial support
from public sources and banks) find a bank loan for the full cost of the invest-
ment. In the PV Roof Programmes, it was only for part of it.

e Owners must ensure the quality and correct certification of installations. If
there are malfunctions or quality issues, the owner is not paid. Although PV
modules do not degrade easily and are easy to maintain, it is important to
obtain proper certification by approved bodies — the International
Electrotechnical Commission (IEC) in Geneva and the PV Global Approval
Programme (GAP) (chaired by Peter Varadi and of which I am a member),
Germany’s TUVs (Technical Inspection Associations), and so on. For instance,
PV manufacturers tend to label a module’s power higher than the actual out-
put. Manufacturing imperfections may also occur.

The EEG for PV in Germany has enjoyed quite extraordinary success. With the
PV market being global in the full sense of the word, companies from all over the
world came to Germany to install their modules — until 2007-08 when an impor-
tant domestic PV industry had established itself. By 2010, about one-third of all PV
worldwide has been installed in Germany alone.

Obviously, this situation will not continue. Over 50 countries have now adopted
national “feed-in” financing systems, though PV markets in the US, Japan and
China have not taken off as rapidly as expected. It was only towards the end of 2009
that things also began improving in these countries. We will review the latest devel-
opments in a later chapter of this book.

The EEG has to deal with a fundamental problem: market prices are fixed by
governments in an otherwise “fully liberalised” market (we have a World Trade
Organization, after all). Fortunately, PV competitiveness is making great strides in
important market sectors. It will only be a few years before support of the kind
provided by the EEG will lose its key importance. The point where we reach “grid
parity” is fast approaching — when PV electricity becomes cheaper than that pro-
vided by the grid. This is not going to happen everywhere at the same time — as it
depends on local solar resources and conventional grid tariffs — but where it
happens, the role of governments and administrations will be diminished one step
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further: the only regulation needed will then be “net metering” policy. In the US,
net metering is widely applied today, ensuring that excess PV electricity that you
produce is bought at the same price as the purchase price you pay to grid
operators for conventional electricity.

However, before grid parity arrives, it may well be appropriate to introduce
more competition into the PV markets controlled by the EEG. In particular,
the excessive profits we saw in 2008 in Spain, and more recently in France,
Germany, the Czech Republic, and other nations, indicate that there is a need
for some fine-tuning of the EEG. One way may be the “declining clock auction”
discussed in the US, which means that the right to sell power to the grid goes
to the lowest bidder. This would give up an essential tenet of the EEG — the
right for everybody to sell PV energy at a fixed tariff — but it could accelerate
market introduction without the challenges the EEG is currently facing in
the 2010s.

Ultimately, public financial support will become obsolete. Subsidies worth
hundreds of billions of US dollars are currently given to the conventional energy
providers around the globe. PV has the advantage that it will not require any such
subsidies — quite apart from the enormous environmental and social benefits it
provides. This is indeed a good thing: our experience with the emergence of the
world of informatics has shown that prices come down most effectively after pub-
lic support programmes are withdrawn.

3.2 Industry and Finance

No PV implementation is possible without a competitive and profitable PV indus-
try. It is not the politicians and research scientists who produce the modules and
install the hardware. Also, reducing cost through economies of scale is more a
matter of industrial development than of political implementation. As we have
already stressed several times, the decrease in the cost of producing PV in recent
years has been due to increased global mass production. Technological progress
has, in fact, not played the determining role.

Since the initial modest appearance of PV in Europe, I was aware that we have
to actively promote the PV industry if we want it to succeed. In the early 1980s,
I met with Giovanni Simoni, at that time an influential industrialist and politician
in Rome. We agreed that a European PV industry association was needed; the
European Photovoltaic Industry Association (EPIA) was created, and Giovanni
became its first President. The actual organisational work of the EPIA was under-
taken by Joachim Benemann from Germany, who developed it into a professional
organisation. For many years, the late John Bonda was its Secretary General, turn-
ing it into an “institution” and the European voice for PV. He was a very good
friend of mine, always standing firmly by my side in my political struggle for PV
in Brussels. When he passed away, I gave the funeral address at the Abbey of La
Cambre, here in Brussels. At my suggestion, the EPIA created the John Bonda
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Figure 34. W. Palz with John Bonda, then Secretary General of EPIA.

Award for PV, but after some years the new managers discontinued the prize,
the same way they discontinued the festive evening events that the EPIA had
organised during our PV Solar Energy Conferences. Today, the EPIA still exists as
a rich and influential lobby group in Brussels.

It is important to note that, generally speaking, the interests of the supporters
of PV in the world’s markets and those of the PV industry are not identical. This
can already be seen from the fact that the markets will boom when the PV prices
offered are low. On the other hand, industry tends to keep local prices artificially
high to maximise profits. We are currently in the midst of a revolutionary PV
development in the markets with strong national support: national regulations
like those in Germany and France have resulted in high profit margins, as produc-
tion costs have decreased much faster than the yearly regression originally
planned for the PV FITs. Only the competition from global markets — in this case,
coming from the Chinese PV industry — has ensured that profit margins do not
all end up in the pockets of the national PV industry, but that it helps to strengthen
the local market even more, to the benefit of consumers.

The overall goal must be to promote PV in society, in industrial countries and
developing nations alike; there is a moral imperative to do so. The objective
should not be to maximise the development and profits of the PV industry. Even
the creation of jobs is not our primary aim; not all jobs in the solar energy sector
are “good” jobs that deserve support. We have learnt from other sectors that job
creation alone is not a sufficient criterion — the production of arms and landmines
also creates also jobs. This is the kind of debate we are having right now in
Belgium.
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The overarching goal for PV is to benefit society. The development of the PV
sector and the creation of employment in that sector represent an essential means
of achieving this; they are not the goals as such. In recent years, with the PV mar-
kets and the PV industry, we have seen the same kind of greed as in other sectors
such as information technology: intense market speculation in the stock of new PV
companies led to a spectacular bubble in 2008, with all the effects of consolidation
that followed.

Dozens of people became PV millionaires; a few made it to the billionaire
level. Some have suggested that the fifth richest man in China made all his money
with PV — at least, that was before the recent stock market crash. It has also been
said that the eighth largest personal fortune in France was amassed by the man
who first promoted the wind energy and PV business. The CEOs of the two largest
PV companies in Germany get salaries in excess of US$1 million. However, one of
them is losing money: in the first nine months of 2009, Q-Cells accumulated losses
of €958 million.

You might say that this is just business as usual. Why should the PV business
be different from any other? Well, PV is, and will remain, a bit special; this is why:

e If PV entrepreneurs are riding the ethical wave “for a better world”, should
they not be showing more social responsibility?

e The profits of the PV industry are currently gained through special levies; no
matter what form they make take, they all reflect the extra that people have to
pay because it is solar.

e PV businesses in some countries have benefitted from extremely favourable
loans on the investments in their manufacturing plants. Why else should the
German PV industry be so nicely concentrated in and around Saxony?

e PV businesses exporting into countries with favourable legislation have the
problem that they have to rely on the financial incentives offered by a foreign
country and its citizens. (Of the four points, this argument is obviously the
weakest since we are, fortunately, moving towards a globalised society.)

Financing PV projects has also become routine, as with any business with high
up-front costs, such as the construction sector. In countries like Germany, banks
have learnt to provide special support for PV projects with favourable conditions.

A problem remains for the poor and the elderly, who, by and large, are
excluded from PV development, as they are not entitled to obtain the necessary
bank loans. This is not really an acceptable situation.

3.3 PV Costs and Benefits for Society; A Special Role for the Grid
Operafors

The current booms in the PV markets in Germany and around the world
remain unthinkable without the support of the FIT system. But the burden on
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society of this kind of subsidy worries some people: it can run into the billions
of euros.

Just do the maths for Spain in 2008, with its roughly 3 GW of installed PV
power. On average, each Watt of the 3 GW installed produces 1.5 kWh over a
whole year — 4.5 billion kWh in total. With a kilowatt-hour purchased at 45 euro-
cents by the grid, the total cost is in excess of €2 billion. By law, the grid is com-
mitted to paying this amount for 25 years. The result: the PV power installed in
just one year in Spain entails a long-term commitment of over €50 billion. The
Spanish government suspended its FIT in September 2008 and dramatically scaled
back PV subsidies. Spain’s was a “one year’s stand”: little in 2007, a spike of 3 GW
in 2008, and almost nothing in 2009.

What happened in Spain in 2008 was repeated in France in 2009. That year,
France was offering the highest FIT anywhere in the world. Applications for
4.5 GW of new PV installations in the country were made — with two-thirds of
that wattage in the last two months of 2009 as a dramatic decrease in the generous
tariffs was expected the following year. The French government calculated that
together those applications would require a €50 billion commitment over the
20-year guarantee period; in January 2010, applications in the last two months
were subsequently rejected. In the end, rather than the original 4.5 GW, only
1.5 GW of new PV installations were approved in France.

Germany, the champion of FIT-supported PV markets, does the calculation
differently. In its latest report in June 2009 on renewable energy, the Environment
Ministry (BMU) balances its renewable energy expenses in 2008 against the bene-
fits generated thus:

e  While all the renewable energy operators — PV, wind, bio-gas, etc. — were
paid a total of €9 billion, this amount is halved when one factors in the cost
of the conventional electricity that was replaced.

e The extra cost was distributed equally across all electricity consumers, except
for some 500 “energy intensive” enterprises. Each consumer had to pay
an extra 1.1 euro-cents in 2008; for the average household, that equated to
€3.10 per month. In Germany in 2008, 5 percent of the cost per kilowatt-hour
of 21.6 euro-cents (33 US-cents) accounted for the FIT/EEG contribution.

e The additional expense is compensated several times over by the benefits
gained:

o external savings of €2.9 billion from the conventional “polluting” electric-
ity that would have otherwise been employed;

o the saving of €2.7 billion of imported conventional fuels;

o the saving of €5 billion due to the “merit-order effect”, whereby the
FIT law reduces the average cost of electricity by affecting the whole-
sale price. Under the effect, plants with the lowest costs are used first
to meet demand. If the FIT tariff is lower than the price from the least
expensive conventional plants, then the average cost of electricity
decreases.
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One may also highlight the money saved on social benefits as a result of job
creation. The CO, benefits of green electricity are already partly accounted for
under “external costs”.

The Federal Association for Solar Economy stresses the fact that the direct and
indirect tax incomes from the solar industry and its employees exceed by €3 billion
all the expenses raised by the FIT for solar PV electricity.

In Germany in 2007, wind electricity benefitted from 45 percent of the overall
FIT support, while 23 percent went to PV. However, over the year, PV contributed
only a tenth of the electricity that wind plants fed into the grid. Hence, it is fair to
say that considering the overall support afforded to renewable energy, PV is the
greater beneficiary.

By its very nature, the FIT system benefits only grid-connected and not off-
grid systems; grid operators have the central role to play. In Germany, the finan-
cial support for PV is collected, as already mentioned, by the grid operators from
their customers. This is not the case in Spain, where grid operators are remuner-
ated through taxpayers’ money for the PV electricity they provide. This shows up
on the national balance sheet, which is not the case for Germany’s EEG.

4. A New Energy Paradigm
4.1 Centralised or Decentralised PV

We have already mentioned that in the 1980s Dahlberg and Bolkow in Germany
proposed deploying huge PV surfaces in the multiple-GW range in the Sahara; the
solar electricity produced would be supplied to German households via hydrogen
pipelines or electric transmission.

In 2009, a similar project called Desertec was initiated by important stakehold-
ers from German industry, electric utilities, banks and insurance companies, and
even Greenpeace. The idea is to generate electricity from the Sun and the wind in
the Sahara and the Middle East for distribution to consumers in Europe, and in
Germany in particular, via a multitude of new grid lines crossing the
Mediterranean Sea. With a budget of €400 billion, which has yet to be found, the
Desertec Industrial Initiative aims to meet 15 percent of Europe’s electricity needs
by 2050. The promoters’ preferred technology is not PV but solar thermal power
employing mirrors on a massive scale.

This gigantic project has raised the eyebrows of people concerned by a new
kind of international energy dominance. Obviously, it can only make sense when
the additional irradiation in the Sahara desert with respect to the solar energy
available in Europe can justify the extra costs of transmission and distribution.
And this is doubtful: even without taking into account the high transmission cost,
20 percent of the electricity produced in the desert will be lost on the way to
Europe. In addition, the technology being promoted, thermal power, is currently
more expensive than PV, and there is no particular reason why this should not
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also be so in future. The solar radiation in the Sahara is just 50 percent higher than
that at good sites in Central Europe; in winter, it is only half of that in summer.

The way forward is a very different one, and we will elaborate upon this in
the rest of this book.

Scepticism about the idea of transmitting solar electricity on a huge scale all
the way around the Mediterranean Sea does not mean that large power transmis-
sion via electrical networks is unworkable in general terms; this is certainly not
the case.

At the end of 2009, nine northern European countries signed an agreement in
Brussels to develop a network of offshore wind power plants in the waters of the
North Sea. Generally, wind electricity generated at sea is more expensive than
that from wind farms on land, but the attractiveness of offshore wind power is
such that it is bound to secure part of the overall renewable energy market of the
future — this has to do with questions of improving security of supply and eas-
ing intermittency problems. For wind power, the situation differs somewhat from
solar PV: the “natural” PV market is building integration; wind parks, on the other
hand, are connected to the grid and are typically in the MW range. Consequently,
a network of electric cables under the North Sea may be worth developing.

Coming back to the proposition of PV deployment in huge plants on the GW
scale, one should mention PV power from generators installed outside the Earth’s
atmosphere. In space, the Sun’s intensity is 40 percent higher than on the Earth’s
surface. In geostationary orbit, 36000 kilometres above the equator (37,500 kilo-
metres above us at higher latitudes), the Sun’s radiation can be captured all year
round (except for one hour when, for astronomical reasons, a PV panel is briefly
in Earth’s shadow). Above the atmosphere, one can harvest more than five times
the solar power of the sunniest places on the ground.

Deploying many square kilometres of PV in space would be a major enterprise,
but it would certainly not be impossible — leaving aside the question of cost. The
bigger technical, political and social problem is rather the electric transmission to the
surface, which would have to be done by powerful microwaves — and that may well
be an insurmountable challenge. In fact, the concept had already been proposed in
the 1970s by Peter Glaser in the US. At that time, there was hardly a solar meeting in
the US where Glaser did not come forward with this project. By 2007, NASA and the
US Department of Energy had spent over three decades and US$80 million studying
solar power generation in space — without much to show for it.

Since 2009, something of a revival of these ideas has taken place — and there
is not just one proposal, but several. A Californian start-up company called
Solaren has made an agreement with the electric utility PG&E to provide it with
solar electricity from space as soon as 2016, though to date they lack the financing.
Also in the US, an association called the Moon Society proposed a similar project
at an International Space Development Conference in Orlando. In Europe, a Swiss
company called Space Energy has proposed putting a PV plant into orbit with an
area of 4 km? via 40 satellites. The budget being discussed is US$200 billion — a
little less than what would be needed for Desertec.
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The Japanese are weighing in, too. Mitsubishi Electric and 15 other companies
have formed a research group to develop the technology for a space project
within four years. Like the Europeans, they envision 4 km? of PV panels in orbit.
The objective is to produce 1 GW of power and the whole project cost is estimated
at US$21 billion. In many respects, this Japanese project looks a bit more
realistic — if one can talk of realism at all — than the other mastodons. But reali-
sation is still some way off: they aim to launch a small experimental satellite by
2015 and hope to have an operational station ready only by 2030. Some Japanese
consultancies have let it be known that the estimated price tag of the project is
100 times too high.

4.2 What Role can Conventional Power Utilities Play?

Obviously, the utilities and in particular the grid operators are of fundamental
importance for our supply: essentially, all electricity is provided to consumers
through electricity networks. One of the reasons is that today’s electricity is gen-
erated in large power plants. Even in the case of PV development, not much is
possible today without electricity grids. However, given that the Sun’s radiation
is widely available, in future we will not need the electricity distribution network
to the same extent as the conventional system.

In a previous section, we considered the aggressiveness of certain quarters
of the conventional utilities towards renewable energies and their supporters.
But this is not the whole story. In 1990, we initiated, through our EU
Commission programme, a working group called European Ultilities for
Renewable Energies (EURE). Fourteen large European utilities participated in,
or made contributions to, this informal group, which was chaired by RWE from
Germany. In 1993, a poll was conducted on our behalf by Powergen in the UK to
gauge the views of the utilities towards renewable energy; forty-six utilities, rep-
resenting a total conventional power capacity of 300 GW, responded. The posi-
tion on renewables as a whole was one of “quiet” optimism. The utilities
declared that they took them seriously — and there was considerable support
for PV. In the period 1983-93, 29 electric utilities in Germany, Italy, Greece,
Austria and Spain operated some 478 of their own PV plants with a total
installed capacity of 2.4 MW.

Up to the present, European utilities” attitude towards PV has continued to
be one of quiet optimism — with the emphasis on “quiet”. In the booming
German markets, renewable energy generation has remained on the sidelines.
But things are improving. The big utilities in France, Italy, Spain and other coun-
tries are gradually realising that there is a potential for money to be made in
renewables.

In the US, many state governments are demanding increased production of
energy from renewable energy sources through “renewable portfolio stan-
dards”. This is one of the reasons why a growing number of utilities — rather
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than independent power producers — have launched multi-million dollar
initiatives to operate their own PV plants.

The regulation does not mean that the plants must in all cases be big multi-
MW blocks. An example is Duke Energy, one of the largest power companies in
the US, which, following the approval of the North Carolina Utilities Commission,
plans to install, operate and own up to 400 separate PV arrays on homes, office
buildings, warehouses, shopping malls, and industrial plants. The power gener-
ated from the various arrays will range from 2.5 kW to 1 MW.

Currently, the US has 77 MW of utility-driven PV projects operating. That
constitutes only 5 percent of the total PV capacity installed in the country, but
over the next few years US utilities have announced 4.8 GW of large “utility-scale”
projects — something of an explosion. By 2020, US utilities are expected to have
added 21.5 GW of solar PV. Large PV blocks are planned for installation in the dry
areas of the South West. The company NextLight has announced PV blocks in
California, Nevada and Arizona of up to 230 MW each.

4.3 Communifies and Regions Masfering Their Own Energy Supply

Over the last few decades, there has been a developing awareness that, in addi-
tion to recognising the importance of the interests and responsibilities of nations
as a whole, individual citizens’” interests and responsibilities require political
support at a local level.

The stage was set with Local Agenda 21, which was adopted as part of the
UN’s Agenda 21 programme by 180 nations at the Earth Summit in Rio de Janeiro
in 1992. The Local Agenda 21 is an introduction to sustainable development at the
local level. A survey in 2002 showed that 6,400 local governments in 110 countries
had become involved in drafting sustainability plans locally.

From our own renewable energy development programme at the EU
Commission, we founded the European-wide network Communities of Europe for
Renewable Energies (CERE) in 1991. Its purpose was to promote the development
and implementation of renewable energy with particular regard to the interests of
municipalities, regional authorities, and local energy suppliers. Master plans for inte-
gration and networks of excellence for municipalities and regions were promoted,
and energy packages for municipalities and regions for the creation of new supply
structures using renewable energy were worked out.

Contractual support was given for urban planning maximising the use of renew-
able energies in the framework of the URBAN PLANNING network. One of its
objectives was to investigate the urban microclimate and environmental factors such
as access, wind movement, daylight availability, pollution, noise, social activities,
modes of transport and waste disposal. For all the climatic regions in Europe, other
projects concerned the establishment of new guidelines on energy rating of buildings,
urban electricity networks, and the integration of renewable energy components in
buildings and common storage.
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On May 21, 1992, at a meeting on the island of Corfu, Greece, opened by a Vice
President of the EU Parliament and a Vice Prime Minister of Greece, the project
REBUILD was initiated. The aim of REBUILD was the promotion of renewable
energy sources in buildings and historical centres of high cultural value in European
cities. The project was co-funded by the EU Commission’s Structural Fund. One of the
efforts was in the municipality of Venice in Italy — it is almost impossible to install PV
on the highly protected buildings of the old city.

The overarching goal of all these projects was to develop a strategy for “zero-
emission urban developments”.

EURENET was our European Regions Network for Renewable Energy. Mid-
and long-term strategies were developed, including ecological and economic
objectives, calling on the experience already available in some regions and at
European institutes and associations. Tools for regional planners and decision
makers were developed.

By the end of the first decade into the new millennium, we are seeing a good
deal of development of this important sector. Thousands of cities, large and small,
have committed themselves to zero CO,-emission strategies for the future. With
the liberalised energy markets of today, many have decided to take more direct
control of their energy supply. In Germany, many municipalities are buying back
the local electricity utilities they sold to private investors long ago — regional util-
ities such as RWE.

One thing is certain: there will be no community engaged in developing a sustain-
able future with zero-emissions targets that will not be employing plenty of solar PV
on its buildings.

4.4 The Avionomous Energy House: Solar Architecture and the
Building Industry

“Solar architecture is not about fashion, but rather about survival,” declared
one of the world’s top architects, Lord Norman Foster, chairing a conference on
solar architecture that was held under the framework of our EU Programme on
Renewable Energies in Florence, Italy, in May 1993. And Lord Foster is not just
anybody. Among many other prestigious projects, he is responsible for a num-
ber of iconic buildings in Germany and China. For the Summer Olympics in
Beijing in 2008, he created the capital’s new airport, a jewel of modern
architecture.

In the 1990s, Lord Foster remodelled the historic Reichstag, the German
Parliament building in Berlin, by adding a large glass dome. The carbon emissions
of that particular feature are actually zero — achieved through passive solar gains,
natural air ventilation and renewable energy applications, among them a PV gen-
erator. We provided a small financial incentive from our EU solar programme to
achieve these environmentally friendly objectives — as we did for Renzo Piano’s
redevelopment of Potsdamer Platz in Berlin. For this latter project, the large
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Figure 35. Meeting of the READ group at Renzo Piano’s Building Workshop near Genoa, Italy. Anti-
clockwise from left: Thomas Herzog, Norbert Kaiser, Stefan Behling, Lord Norman Foster, Lord
Richard Rogers, Renzo Piano, a colleague, W. Palz, and A. Zervos.

PV panel that had been envisioned was cancelled at the very end of the planning
process — but that is another story.

In 1991, we initiated READ — Renewable Energies in Architecture
and Design — within the framework of our EU renewable energy development pro-
gramme. Leading European architects joined forces: on April 22, 1994, Lord Norman
Foster, Lord Richard Rogers, Thomas Herzog, and two EU Commission representa-
tives met with Renzo Piano in his workshop in Genoa, Italy. The group agreed to
work together on the concept of a “solar city” following the principles of sustainable
energy and social integration. The idea was to demonstrate that the solar aspect of
buildings is not new but that it has always been the most important factor for archi-
tects and planners throughout the centuries. The European Charter for Solar Energy
in Architecture and Urban Planning was eventually developed on behalf of this
group; it was edited by Herzog and published in 2007 by Prestel Verlag, Munich.

Since the days of the READ initiatives on solar architecture, tremendous
progress has been made in terms of regulation and practical implementation.
Germany is leading the way in the integration of solar PV: by 2008, half a million
PV arrays had already been installed on German buildings. By the end of 2009,
80 percent of all PV installations in Germany went into the building sector. In
addition, hundreds of thousands of German citizens have invested in PV: in vir-
tually all towns and cities across the country, PV Citizens’ Funds have been set up,
contributing to the financing of new PV systems on public buildings of all kinds.

In Switzerland and elsewhere, “Solar+” buildings have become popular. The
purpose is to generate, in the course of a year, even more electricity from a building’s
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PV generator than the building itself consumes. Over the last few years, the Swiss
Solar Prize, organised by Gallus Cadonau’s Solar Agency, has been awarding a
whole portfolio of such buildings that combine PV innovation with architectural
excellence.

PV building integration is far from absent in the US — quite the contrary — but
rather like in Spain, the overall trend for large-scale PV deployment there is
towards ground-mounted systems in the MW range. As far as China is concerned,
it was reported in September 2009 that the Ministry of Finance and the Ministry
of Housing and Urban-Rural Development plan to allocate €130 million for
building-integrated PV. In the near future, two important new players in building-
integrated PV are set to emerge: France and Japan. In their national FIT regula-
tions for PV, they have recently established special tariffs for building integration
that are particularly generous.

For many years, the EU has paid particular attention to the building sector. In
terms of European energy demand, it is a key sector, representing almost half of
the continent’s consumption. At the end of 2009, after having imposed an energy
demand certificate for all buildings, a new milestone in the EU’s regulation of
energy standards was reached. In future, all 27 EU member countries will have to
fix minimum standards for the overall energy efficiency of buildings. By 2020,
all new buildings will have to conform to the highest standards; solar panels will
become mandatory. The EU Commission estimates that the new regulations will
result in a 6 percent decrease in Europe’s overall energy consumption.

I do not want to conclude this section without a brief mention of my own per-
sonal thoughts regarding the energy supply of individual homes. Most of us use

Figure 36. W. Palz’s residence in Brussels. The 1-kW PV plant was the first to be installed in Europe’s
capital in 2000, without a subsidy. The array also has some coloured cells from Japan. The support
structure is untreated timber.
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our own boilers to heat our buildings and operate the engines in our own auto-
mobiles; the only energy we buy from a network is electricity. Why not produce
our own electricity as well? The first step is PV power installed on the house, but
complete autonomy is certainly possible — and at no extra cost.

I mentioned previously that my own house in Brussels draws most of its
electricity from a battery that is charged by a PV array integrated on the fagade.
Heating is provided by a gas boiler connected to the city’s natural gas network.

The following is a novel concept for autonomous buildings — private houses
and public or commercial buildings alike. It is a further development of the
system employed in my own home.

e Electricity is provided by a central battery that is fed by different renewable
sources of electricity. New types of electric batteries, which are being devel-
oped for the electric and hybrid cars of the future, are becoming attractive for
this application as well.

e The potential to collect solar energy in winter is not what it is in summer; for
wind energy, it is often the other way around. Hence, PV arrays and solar
heating panels on roofs or facades are combined with small wind turbines in
the kW range. In late 2009 in China, I became acquainted with a new design
of wind turbine: a vertical axis Darrieus type with magnetic levitation, which
is extremely quiet in operation and runs at the very low wind speeds that are
typical in urban areas. It is true that small wind turbines produce power at a
higher cost than larger ones (physics dictates that turbines in the 2-3-MW
range typically generate electricity at the lowest cost), but for building
integration large ones are obviously unsuitable.

e The boiler is replaced by a cogeneration system that uses the same fuel to pro-
duce not just heat but also electricity. The engine used for this purpose is
based on a car motor, which is extremely reliable and at least 10 times cheaper
per kilowatt than the very large conventional power plants on which we rely
today. In a car, the heat produced during driving is wasted; in a building, it
can be reused efficiently. Initially, the engine can be fuelled by natural gas;
eventually, biogas or liquid bio-fuels will be available in sufficient quantities
for this application. The engine does not run permanently but only intermit-
tently to feed the battery — similarly to what happens in a hybrid car.

Not a single system of this kind has ever been built. I wonder why!

5. Power for the People
5.1 Starting a Global Strategy: 10 Waits per Head

Currently, in 2010, the overall electric power capacity installed worldwide
amounts to 4,500 GW. This corresponds to an average of 650 W per head.
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Figure 37. W. Palz’s office at the EU Commission in Brussels in the early 1990s.

The calculation takes into account all 6,900 million people living on Earth, no mat-
ter whether they are children or adults, working or retired; it also includes the
1,500-1,700 million “energy poor” who have no access at all to electricity. If we
exclude the energy poor from the calculation, we get some 850 W per head on
average for today’s grid-connected people. Only part of this is used by people in
their homes. Most of the electricity is consumed in other ways: by industry, com-
merce, railways, street lighting, desalination in arid countries, and so on.

Twenty years ago, PV’s contribution to global power capacity was essentially
zero. At the time, I considered how the world would look if we had an average of
just 10 W per head of PV power — a significant proposition, as it represented
about 1 percent of the total power in place. The Swiss, who were then among the
most advanced in PV implementation in Europe, had a fraction of 1 W per head
of PV installed and were discussing a goal of 10 W per head.

For people in an “energy poor” country, 10 W per head makes a world of a
difference: for a family of five, 50 W provides a minimal degree of lighting as well
as power for a radio or telephone. At the village community level, it translates to
solar power for survival.

5.2 PV for the People in the Industrialised World
When preparing the EU “White Paper on Renewable Energies” that was adopted by

the Commission in 1997, A. Zervos and I adopted a target of 3.7 GW of PV imple-
mentation by 2010. This figure was equivalent to 10 W per head, as the EU population

Copyright © 2011 by Pan Stanford Publishing Pte. Ltd.

91


http://www.crcnetbase.com/action/showImage?doi=10.1201/b11118-2&iName=master.img-045.jpg&w=298&h=206

92

Power for the World

stood at 370 million people that year. Ultimately, other Commission services
reduced the target to 3 GW. Logically, however, it translates to 5 GW to reflect the
realities of today: in the meantime new member countries joined the EU and in the
current target year of 2010 we do indeed have 500 million European citizens.

To my surprise, the optimistic target set 13 years ago has actually been more
than comfortably achieved. By the end of 2010, some 20 GW of PV will be
operating in the EU; at the end of 2009, we had already achieved well over 14 GW,
the lion’s share of over 8 GW being in Germany alone.

Obviously, targets are not self-fulfilling. The EU had no promotional instru-
ments for PV market implementation: the EU Directive on electricity from
renewable sources in 2001 defined targets again but not the instruments to
achieve them. In fact, the targets in the 1997 EU White Paper would never have
been realised without Germany’s EEG and the FIT for promoting clean electric-
ity. By 2004, H. Scheer and H.-]. Fell, both members of the German parliament,
had succeeded in getting this law adopted in Germany, and seeing its unbeliev-
able success in the marketplace, most EU countries followed suit, anxious not to
be left behind.

On average, the 500 million citizens of the EU are currently benefitting from
some 30 W of PV per head — three times the very optimistic projections of little
more than a decade ago. But shares of the PV pie within Europe are highly
uneven: in early 2010, Germany has a total PV capacity of 100 W per head on aver-
age, which roughly corresponds to a commercial panel of 1 m? in size. And that is
for each individual German citizen, whether young or old, not just for each home.

By comparison, the capacity of conventional electrical power in Germany
stands at 1000 W per head; hence, PV has now reached 10 percent of that capac-
ity. Even though the share of electrical energy this represents is only around
2 percent — solar radiation feeding PV power plants being a precious, but rare,
good — the result is impressive. It gives us an idea of what is possible on a wider
scale around the world: Germany is a highly industrialised country, while the
intensity of its solar radiation is at the level of that in Alaska.

It would be wrong to think that German elites are all solar fanatics. When I
was sitting as an expert on the “Energy Commission” of the German Parliament
in Berlin from 2000 to 2002, renewable energy had a hard time getting the recog-
nition it deserves. Even the German solar industry in those days was far from
being proactive in promoting PV. Germans are solar enthusiasts, but to get the
policies in place, the leadership of a few “solar hardliners” was absolutely essen-
tial; we owe a lot to them!

Second in the league of PV market development is Japan: on average its
128 million people can count on more than 20 W per head. Accordingly, the
Japanese are roughly on the same level as the average EU citizen. This is currently
also the case for California, which has a population of 36 million and an installed
capacity of over 1 GW. For the time being, however, the rest of the US remains well
below the 10 W per head mark.
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5.3 PV for the People in the Solar Belf

Supplying the world’s poorest people with clean, decentralised solar PV was part
of the “Power for the World” concept that I presented in my capacity as the EU
Programme Head for Renewable Energies for the first time in public in 1990 and
at numerous conferences and publications since.

The proposal called for a global action plan to supply electricity to the
millions of people who have no access to it today — a highly distributed and
decentralised electricity system with a capacity to meet basic minimum needs.
Such a scheme is the only realistic approach that may be implemented in a fore-
seeable time frame of 20 to 25 years; setting up a conventional electric grid to cope
with the problem is often too costly and time-consuming.

If the world’s poorest, about 25 percent of the global population, were to have
10 W per head, or 15 GW in total, it would represent less than half of one percent
of the power capacity we, the other 75 percent, currently consume. PV is the ideal
technical solution for supplying that capacity: it utilises an omnipresent resource,
it is modular and available on large or small scales, and it is very reliable and has
no moving parts.

The goal of the original “Power for the World” concept was for 1 billion
people to be electrified within 20 years; it was deemed unrealistic, even in the
most optimistic scenario, to cater to all of the 1.7 billion people who currently go
without electricity. Today, the number of energy poor remains unchanged, and the
concept is more relevant than ever.

In the following, we quote from the original proposal, which remains wholly
valid today, 20 years after it was written:

The infrastructure building process that is employed in conventional development
schemes is inappropriate to supply vital and basic needs to the poor. As a first step,
building power stations with distribution networks is unrealistic leapfrogging,
exceeding available financial resources and taking an excessive amount of time. In
contrast, villagers need electricity quickly even if it is on a small scale. A small but
significant step now is better than a big step in 50 years.

The fact is that PV, even at 50 cents per kilowatt-hour, is the cheapest source of
electricity in large parts of the world’s rural areas today. Eventually, there will be
enough evidence to show that PV is the answer for village electrification. However,
at the current pace of implementation, the villagers of the “Third World” will never
reap the benefits of technical progress that could be accessible to them; the dangers
of the poverty explosion in the “Third World” are increasing.

It is expected that a minimum degree of personal comfort in poor rural areas in
the “Third World” through lighting, communication, TV, etc. would have a dra-
matic effect on fighting the exploding population, social unrest, and migration to
cities and emigration to other countries.

Among the essential needs that electricity may serve, there is first of all the
minimum for survival — at least 20 million people die each year because of
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contaminated water and a lack of basic health care. Electricity is also urgently
needed for personal comfort, in education, and in cottage industries. Just a few
Watts of reliable electricity can bring about a dramatic change in standard of living
and social progress.

The “Power for the World” concept aims at making the maximum possible
impact on the lives of the world’s poor, in no more than one generation, by employ-
ing minimal and mostly existing financial resources. The programme intends to give
an additional push to the moral imperative to help the world’s poor; it is in the
interests of the “First World” not to let the demographic situation degrade until it
explodes.

At an estimated cost of US$6 per Watt of installed PV power, the total cost of
the programme will be US$60 billion spread over 20 years, or US$3 billion per year.
This corresponds to just 3 percent of present aid budgets made available by donor
nations; it is less than 1 percent of the global military budget.

The programme can be achieved not by requesting additional billions of dollars
in subsidies but by better utilising some of the existing ones and by adopting a global
approach and a comprehensive organisation from the top. A well-defined and struc-
tured programme will greatly increase efficiency, minimise cost and accelerate
implementation.

A unique global approach is possible in this case thanks to the modularity of PV
no more than a few dozen system types are required with only minor adaptations for
the villages in the “Solar Belt”. This leads the way for mass production and economies
of scale for PV.

The supply options for village PV are manifold, such as:

water disinfection and supply;

health care, dental care (in towns orthopaedic treatments);
lighting: in homes, on streets, for sports, leisure;
refrigeration for foodstuff;

communication;

electric tools.

In such a joint venture between the rich, industrialised countries and the poor, devel-
oping nations, everybody will benefit — not only the rural poor who tend to be
mostly overlooked in current development schemes but also the developed countries,
which will more rapidly get access to low cost solar electricity for their own needs
and markets.

There are some important criteria that must be followed in any case for successful
implementation:

o This electrification programme must not affect valuable existing traditions and
customs.

o The programme must enrich social life in the villages, particularly in
the evenings.

o The programme must involve young people, stimulating agro- and cottage
industries and job creation.
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o The programme must not disturb any existing PV industry and emerging solar
enerqy markets in the “Third World”. These must be included, not eliminated.

As for financial contributions from local communities, experience has shown
that some contribution is necessary to motivate villagers to operate and maintain the
installed devices.

To deploy 10 GW of PV within 20 years, one needs a solar cell production of
500 MW per year; this would trigger mass production of PV.

In conclusion: Supporting the world’s poorest people with modest electrification
is not only a noble task but also mutually beneficial for all. In the “Power for the
World” programme, there will only be winners.

On March 29, 1993, the Parliamentary Assembly of the EU and ACP
(Africa/Caribbean/Pacific) countries approved a Resolution requesting an intensifi-
cation of solar energy development.

The programme was actually never implemented but it did have an effect. As a
follow-up, we investigated the mass production issue: at what cost could PV mod-
ules be produced in the manufacturing plants envisaged in “Power for the World”
with a solar cell production of 500 MW per year, when compared to those produced
by the 5-MW plants that were in operation in Europe in those days?.

In an investigation code-named “Music FM”, the best available European
experts in PV science and technology from industry and academia worked
together under our EU Commission programme to address the following ques-
tion: What would be the manufacturing cost of PV modules produced in 500-MW
plants with the technology available in the early 1990s? This endeavour had two
lines of action, one for crystalline silicon cells and the modules made with them,
and the other for thin-film cells and modules.

The result was that thanks to mass production and economies of scale — not
taking into account the expected technological improvements — silicon modules
could eventually be produced at €1 per Watt, and thin-film modules even for
20 percent less. The detailed results were presented at our 1994 European PV confer-
ence (PVSEC) and can be found in the accompanying proceedings.

The implementation of PV since 1994 has not been as we proposed in “Power
for the World”. Instead of massive deployment in the developing countries of the
Solar Belt, PV markets have taken off in the industrialised world. We have consid-
ered the reasons for this in previous sections.

We can be happy that PV is now widespread in the markets of developed
countries, but it is unacceptable that the energy poor in the Solar Belt have been
left out of this development: less than 1 percent of the 7000 MW of PV that was
newly installed in 2009 in global markets went to the poor rural in the develop-
ing world.

I call this the one percent scandal.
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6. Power for the Poor
6.1 Getting Involved

As already mentioned, the presence of solar PV in developing countries is very
small. It may sound impressive that several million “solar home systems (SHS)”
(50-W PV systems to provide lighting and power small appliances), tens of thou-
sands of PV water pumps and other community systems were set up in the devel-
oping world over the last two decades, but this is very little compared with the
global needs of the “energy poor”.

The World Bank in Washington has an excellent record of past efforts, and
there have been a great many private initiatives, like that of the Solar Electric Light
Company; special reports on both are included in original contributions in this
book. A lot has also been done by the UN and UNDP, the Global Environment
Facility (GEF), the EU and its member countries (including organisations from
Germany such as the GTZ and KfW), Japan, and many others.

To get a flavour of the enthusiasms and frustrations experienced over many
years of activity by supporters of supplying PV to the rural poor, allow me to
share with you a quick glance through my own curriculum vitae in this field:

e Around 1972, I was approached by Paris-based Yves Houssin, who organised
school TV in the villages of the French-speaking nations of West Africa for the
French government and the national television broadcaster ORTF. The pro-
grammes were broadcast by satellite. He wanted to do away with the dozens
of jeeps that were employed to transport over long distances the lead-acid

Figure 38. The world’s first PV water pump, Corsica, France, 1973.
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batteries used for charging — and replace the need for charging with PV. I
advised him in several meetings and wrote a report for him. He was one of
the first to get very rich from PV.

Around 1973, I assisted Dominique Campana — now Director of International
Affairs at French Environment and Energy Management Agency ADEME in
Paris — with her thesis on the development of the world’s first PV water
pump in Corsica. One follow-up project was the deployment of such pumps
in West Africa by the Guinard company and Father Verspieren, a white
Catholic priest.

In the mid-1970s, I became friends with Thierry Gaudin, Chief Engineer of
Mines and Director of the Technology Department of the French Industry
Ministry in Paris. I informed him about PV and he taught me innovation pol-
icy. He was writing a book called Listening to the Silences about innovation
and institutions that concerned the role corporations have played in Europe
over the centuries in withholding technical knowhow from the general
public.

Under contract with the West African Development Bank (WADB), we
visited Togo, Upper Volta (now Burkina Faso) and Niger in 1977 and had com-
prehensive discussions with their governments. In the report we wrote for
WADB, we proposed the installation of hybrid systems employing PV and
small wind turbines for local villages following a prototype that had just been
set up in the village of Campagna in the French Pyrenees.

To finance the project, we proposed a system of leasing to the villagers:
the essential part was to be financed by a new para-tax added on to the

Figure 39. T. Gaudin from the French Industry Ministry inspecting PV for communications in Niger,

1977.
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Figure 40. A French Catholic priest, Father Bernard Verspieren, who installed hundreds of PV pumps
in West Africa; he arranged to make the boreholes and do the installations in one day.

Figure 41. Visit to Ashgabat, then part of the Soviet Union, in the 1980s.

tariffs of all grid-connected utility clients in the cities, as well as a small part
by the villagers. (We even calculated that in Burkina Faso’s capital,
Ouagadougou, one could collect 168 million F CFA and in Niger’s capital
Niamey, 198 million F CFA over a year.) If this sounds familiar, it is because
the idea was a predecessor of the German EEG, which was reinvented
25 years later.
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e A few years later, I visited several countries in West Africa again as part of a
UN delegation. From that trip I learnt about the Peul people, who seem to be
very influential in all West African countries. But what I remember most was
that the government people complained in private that almost every week
another investigating donor delegation would visit — talk and more talk,
instead of action! I certainly did agree with those officials.

e Years later, I was with another UN delegation visiting some villages in the
“Second World”. We went by jeep to the villages around Ashgabat, then in the
Soviet Union, now in Turkmenistan on the border with Iran. The head of our
delegation was a UN official called D. Lovejoy; what a wonderful name,
I thought.

e In March 1979, on behalf of the EU Commission, I organised the governmental
conference “The Sun in the Service of Development” in Varese, Italy. It was
chaired by my boss, Giinter Schuster, then the Commission’s Director General for
Research, Science and Education. It was attended by official governmental dele-
gations from 80 nations from all over the world, several UN organisations, and
international banks and institutes. The conference was opened by, among others,
Sir George Porter, a Nobel Prize winner and Director of the Royal Institution in
London. Various regional seminars led up to the full conference; I was active in
preparing and chairing them and even wrote out the bank cheques for the par-
ticipants on behalf of the Commission. The seminars were the following:

o  September 1978 in Nairobi, Kenya, for East Africa, with official represen-
tatives from Kenya, Ethiopia, Lesotho, Mauritius, Rwanda and Zaire
(Congo). It was opened by the Kenyan Minister for Water Development.

Figure 42. West African Workshop in Bamako, Mali, in 1978. From right: B. McNelis (4th); W. Palz,
chairman (9th); Pierre Lequeux (8th), EU official for development aid. On the left: Father Verspieren.
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Figure 43. Latin American Workshop in Caracas in 1978 to prepare for the EU conference in Varese,
Italy, “The Sun in the Service of Development”. Lower row: W. Bloss (4th from right); W. Palz, chair-
man (2nd from right); behind him, M. Phéline from Paris.

o September 1978 in Bamako, Mali, with representatives from Mali,
Mauretania, Niger, Chad and Togo. Three ministers from Mali and Upper
Volta (Burkina Faso) participated.

o0 October 1978 in Amman, Jordan, for the Arab World, with representatives
from Jordan, Syria, Sudan, Saudi Arabia, Kuwait, and the Arab Physical
Society. It was also attended by the Crown Prince of Jordan and three of
his ministers, three institution presidents, 10 director generals, and six
ambassadors.

o0 October 1978 in Caracas, Venezuela, for Latin America, with representa-
tives from Venezuela, Argentina, Bolivia, Brazil, Chile, Mexico, Peru, the
Latin American Solar Energy Society, and Latin American Energy
Organization (OLADE).

o October 1978 in New Delhi, India, for Asia, with representatives from
India, Pakistan, Sri Lanka, Singapore, Bangladesh, Indonesia, and
Thailand. It was opened by the Secretary for Science and Technology from
the Indian government.

The full conference stressed the need for co-operation in various areas, such
as research, transfer of technology, education and capacity building, as well as
environmental and social aspects. As far as PV was concerned, it was interest-
ing to note that some participants expressed a reluctance to depend on
imports from industrial countries for their supply. It is a typical argument: this
is our Sun.
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Figure 44. Asian Workshop in New Delhi in 1978: W. Palz, chairman (centre); with Peter Dunn, an
expert.

In 1986, the EU Commission started the Regional Solar Programme (PRS) in
West Africa. That year we had invited my colleague Hans Smida, then the
Director for Infrastructure Development in West Africa at the EU
Commission’s aid programme, to attend our PV SEC conference, which
was being held in Seville, Spain. He came up with the idea of developing
PV water pumping in his area of influence: in the rural areas of the Sahel,
where only 25 percent have access to clean drinking water. No sooner said
than done: I helped him to get a new PRS for approval through the commit-
tee of the EU member countries — which is never a minor task. A conven-
tion was established with the CILSS, an organisation fighting the drought
in West Africa.

In total, 626 PV water pumps were installed in nine West African coun-
tries. In addition, 660 community systems were installed in the villages for
lighting and cold storage, totalling 1,257 kW. The contribution to the cost
from the EU’s budget was €34 million, of which €24 million was for the PV
generators. The villagers themselves bore the operation and maintenance
costs, so that the water supplied from the PRS was not completely free.
Almost 1 million people benefitted from the programme.

After its completion in 1996, the programme and all the systems were
thoroughly evaluated. Various investigations were undertaken and in a meet-
ing in Bamako in 1999, the governments of the countries concerned and the
EU decided to go ahead with a follow-up programme, PRS II. As an official in
the EU Commission’s Aid Directorate in 2000, I was involved in approving
this follow-up programme. The budget over the period 2001-2007 was
€73 million: 210 water pumps and 280 PV community systems from PRS I
were refurbished and 465 PV pumps were newly installed.

In 1991, we organised a conference in Zimbabwe in conjunction with
EUROSOLAR and sponsored by Germany’s Friedrich Ebert Foundation. Held
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Figure 46. Visit to Pulimarang, Nepal. Sitting from right: W. Palz, Petra Schweitzer, and (5th from
right) Neville Williams, a great promoter of PV in South Asia.

just a year before the Earth Summit in Rio in 1992, the conference was
attended by 160 experts from 22 countries who approved the solemn Harare
Declaration on Solar Energy, which called for a “solar revolution” and the
establishment of the specialised agency IRENA.
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Figure 47. Where cultures meet: a marriage in Kathmandu, Nepal.

Years later, Petra Schweitzer from the University of Magdeburg in Germany
took me to Nepal several times. It was here that for the first time I became
aware of what it means to live in a non-electrified village, where everything is
plunged into darkness after sunset. I recommend it to anybody who wants to
understand the hardships that the poor endure.

In 2001, I attended a seminar on sustainable energy in Santo Domingo in the
Dominican Republic. It was chaired by my colleague Garcia Fragio, in charge
of infrastructure development in the ACP countries on behalf of the EU. In
particular, it was supported by the Pacific states of Tuvalu, Kiribati, Fiji and
Tonga.

An important input was a report of the ACP-EU Joint Parliamentary

Assembly meeting on Renewable Energy Sources in March 2001. One of the
conference conclusions was “the recognition that renewable energy and
energy efficiency have a key role to play in sustainable development and
poverty alleviation, particularly for island states where high energy import
prices have a major impact on macro-economics”.
In 2000-2001, I was a member of an internal inter-service group of the EU
Commission to promote “Digital Opportunities for All” and to “Bridge the
Digital Divide”. It was a time of enormous enthusiasm for the emerging
Internet markets. One reason for the exclusion of the poor from the Internet
revolution was that they simply had no electricity.

After having left the Commission as an official, in 2004 I agreed to
embark on a new regional programme — with Fernando Cardesa, then the
EU Director for co-operation affairs with Latin America — to deploy PV in

Copyright © 2011 by Pan Stanford Publishing Pte. Ltd.


http://www.crcnetbase.com/action/showImage?doi=10.1201/b11118-2&iName=master.img-055.jpg&w=311&h=206

104 | Power for the World

Figure 48. Visiting Latin America in 2006-07 to promote the EU PV project Euro-Solar to connect the
poor to the world via the Internet.

Figure 49. A prototype of a Euro-Solar system at ITER in Tenerife, Spain, in 2005.

some of the poorest countries in Central and South America. The Euro-Solar
programme was born. The purpose was to install small 1-kW PV generators
together with small wind turbines and storage as community systems in
some 600 villages in Guatemala, Honduras, Nicaragua, El Salvador,
Ecuador, Peru, Bolivia and Paraguay. In 2005, I went with some of the
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Figure 51. Kids in Peru — they deserve our help.

administrators in charge of the programme to discuss the details of prepara-
tions with government officials and the villagers in Peru, Bolivia, Guatemala
and El Salvador.

In 2005, the consultative committee of the EU Member States failed to pass the
programme proposal; even Germany declined. It took the personal intervention
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Figure 52. Exploration mission 2006 in Latin America. Sitting on the left: Gambini, EU Commission
official, head of the Euro-Solar programme when it was initiated; Cendagorta, expert from Tenerife
(sitting 2nd from left); W. Palz (standing 2nd from left).

of the EU Commissioner in charge of External Relations, Benita Ferrero-
Waldner, to clear the hurdle. I was most impressed by her heartfelt support
for PV; we owe her a lot. Eventually, the Financing Agreement between the
EU Commission and the eight beneficiary countries was signed in Brussels on
December 21, 2006.

Systems, which are connected to the Internet via satellite and installed in
village schools, open after school hours, providing Internet access to villagers. The
systems also provide lighting and water disinfection services. The contribution
from the EU budget was €30 million; villagers and governments of the countries
concerned provided the remaining funds, in particular to cover the cost of satellite
connections. Expertise for the development and follow-up of the programme — all
systems are permanently controlled via the Internet — is provided by ITER, the
Institute for Renewable Energy in Tenerife, Spain.

6.2 PV Power for the Poor in the Developing Couniries

Despite all this effervescence to promote solar energy in the Third World,
the balance is a great disappointment. Why has PV deployment worked in
the industrialised world but far less so in developing countries? For a moment,
let us compare the essential characteristics of the support scenarios in both
cases.
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In Germany, a leader in PV implementation, the regulations encapsulated by
the EEG, the Renewable Energy Sources Act, work as follows:

e There is a virtual absence of bureaucracy.

e There is no intervention of public funds.

e The investment funds, typically upwards of €5000, are provided by banks,
both public and private.

o There is an obligation for grid operators to buy the kilowatt-hour produced by
the PV plant operators, who in turn get the expense back by imposing it
evenly over all their regular customers.

e The PV investors have zero expenses of their own; they even make a profit.

e The macro-economic benefits for the country are highly positive.

Compare a typical developing country, where you cannot count on any of
these elements:

e PV systems in villages are not grid connected; it is not obvious how to meter
the kilowatt-hour produced that ultimately has to be paid to amortise the
investment.

e Grid operators do not have enough regular clients to get them involved in
financing a massive programme to the benefit of rural people.

e The country does not have the necessary economic and macro-economic
resources of its own for such a programme.

The problem is not the money, however. Donor nations provide each year on
average some US$100 billion in subsidies; this figure does not even include bank
loans from such sources as the World Bank, the European Investment Bank (EIB)
in Luxemburg, the KfW in Frankfurt, and many others. The scandal is that vir-
tually none of this aid money goes to PV deployment. Administrators should
take note that we are no longer talking about a “Mickey Mouse” sector, but one
that represents US$30 billion a year. Information is one of the first needs to be
tackled.

The problem is that for aid money to reach the villagers in need, it has to
pass not one but two hurdles: bureaucracy in the aid administrations and cor-
ruption in local governments and administrations. My own experience from
several years in the EU’s aid administration is that it is very well organised and
structured, it is generally efficient, and people are highly committed. But it may
take one critical position being filled by a bureaucrat of pure blood and you have
a problem. When it comes to responsibility for public money, the executioner is
never far away. A bureaucrat who repeatedly asks for justification reports for
every last penny is always right and nobody can stop him — even if it kills the
project. Mobbing inside administration services can deteriorate the problem
further.
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So, how does one move forward? From my own experience and from all we
have learnt together over the years, I would propose the following:

e The involvement of public administrations should be kept to a minimum.

e Asin Germany at the present, the driving force must be profit; all stakehold-
ers at all levels must make money.

e As in Germany, the money invested in PV should come from banks.
Microcredit is receiving a great deal of attention and would be a suitable
instrument. As proposed by my friend Michael Eckhart from Washington,
one could also develop a centralised “solar bank” with many local branches:
it would be specialised in solar systems, ensuring that the earmarked money
does not ultimately go to other branches, as might happen in “normal”
banks.

e PV systems may be best implemented by adopting some kind of “solar roof”
programme, as promoted in Germany and Japan in the 1990s. Banks should pay
100 percent of the PV investment cost plus a little extra. Module prices should
be fixed centrally the same way the FITs are now fixed centrally in the larger
industrialised countries. Tendering should be avoided as it promotes bureau-
cracy. The banks should require certification of PV systems to avoid fraud.

e An FIT system, even if adapted to the new conditions, may be more complex
to implement. In any case, a bank has to provide the investment loan. The
bank should ask for progressive reimbursement of the loan and accept for
this a certificate for the kilowatt-hour produced. Such a certificate requires
an additional step for metering, either by local utilities or even via the
Internet.

e One would not have to wait long to find interested parties to participate in
implementation; the message that there is a profit to be made would spread
quickly. Preference must be given to the local civil society.

e The banks must be provided with the necessary funds from donors’ aid budgets.
To make this process viable, one may want a centralised banking system — why
not a “solar bank”? — with a network of banks all the way down to regional
centres for microfinance.

e Donor countries should not have to provide new funds for PV deployment in
villages. They would benefit from the external effects previously mentioned
and would have a well-defined programme for sustainable development
never seen before.

One might complain that the scheme proposed here gives the central role to
the banks, not to administrations or utilities — a legitimate enough concern
given that it was the big international banks that are most to blame for almost
ruining the world economy in 2008-09. This is another argument for creating a
specialised bank: a “solar bank” would have difficulties doing business through
rotten subprime certificates; having a dedicated bank would make possible the
strict transparency needed for a major investment initiative of this kind.
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6.3 Power for the Poor in the Industrialised Couniries

Globally, some 100 million people in industrialised countries are classified as poor.
In Europe, 17 percent of the population is at risk of falling below the poverty line.
Among European children, 9.4 percent grow up in families where the parents are
unemployed. In Germany, 1 million people have to queue for food handouts from
charities. One may even be tempted to consider the fate of these people to be less
favourable than that of the people of the developing world, as it is often associ-
ated with social exclusion; but in Africa and other parts of the Third World, the
poor, women in particular, are additionally affected by civil war.

There is no reason why the poor in the industrialised world could not also
benefit from the deployment of PV; it may help some get out of the poverty trap.
We have already seen that in Germany and other countries the FIT support for PV
does not necessarily involve investors” own money. The money is provided by
banks that have as security the value of the PV plant that is financed together with
the FIT law and its long-term income guarantees. This could work perfectly for
the poor as well; it would not involve extra expenses for anybody. Only the banks
would have to learn to work with the poor directly.

7. Power for Peace
What is the cost of a Stealth Bomber? You know, the one that can supposedly make

itself invisible to radar? Ten billion US-dollars? Twenty billion? And who is the
enemy? Extraterrestrial invaders? The poor farmer turned Al-Qaeda fighter? His

Figure 53. A village in Afghanistan electrified with PV by local women under the guidance and spon-
sorship of the Barefoot Institute, India. Picture credit: Barefoot Institute.
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guns and explosives are made in the First World; Afghanistan has no arms
production.

There is an increasing awareness that our young men and women in uniform
can be put to better use than on the battlefield — by deploying them to stricken
areas in the Third World to provide sorely needed development aid. This would
have two important effects. Firstly, it would help local people improve their tech-
nical knowledge and develop a positive perception of Western values. Secondly, it
would allow the young generations of the West to gain a deep appreciation for the
cultures of the developing world — not from the vantage point of a military vehi-
cle, but from within its villages. What ever happened to the wonderful American
idea of the Peace Corps?

Of course, PV is no miracle solution that can heal all the world’s ills. However,
there is little doubt that PV can provide new hope for the planet’s poorest. Poverty
is the breeding ground for conflict and social unrest; alleviating that poverty
through technological solutions can foster peace and stability.

The world’s largest PV conference took place in Hamburg, Germany, in
September 2009. In its closing session, Bunker Roy from the Indian Barefoot
Institute gave a solemn lecture about their initiative to inform local women about
PV so that they can take the initiative to install it in their villages. One example he
gave was a village in Afghanistan that had PV lighting installed in this way. The
500 delegates from 70 nations in the room rose from their seats and gave Bunker
a lengthy, heartfelt standing ovation.

It is more than symbolic that the first large PV plants in Germany were built
on land that the Soviet army abandoned in 1990 when leaving East Germany after
the “hot phase” of the Cold War.

One day, when the world’s economies have gained independence from the oil
and natural gas resources of the Middle East, the military presence that the West
maintains at such high cost in that region for reasons of energy security will
become obsolete.
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1. Solar Power 2009-10: A Wealth of Achievements
1.1 The Global PV Markeits 2009-10

The detailed market developments described in the previous chapters can be sum-
marised as follows:

e In 1978, global PV shipments for terrestrial applications reached 1 MW with a
turnover of US$30 million.

e In 1988, the global market was 33 MW with a turnover of US$300 million.

e By 1998, the global market had reached 155 MW.

e By 2008, it had reached 5000 MW, or 5 GW.

It is interesting to note that in the decade from 1978-88 markets increased
35 times, and in the decade 1998-2008, they increased 32 times, but on a much
higher level. During the decade in between, they increased only by a factor of five.

In 2009 global PV solar cell production reached 10,660 MW, exceeding 10 GW for
the first time. Almost half of it was manufactured in China and Taiwan. The lion’s
share of 8,265 MW consisted of crystalline silicon solar cells; CdTe cells exceeded
1 GW for the first time. The ten largest solar cell producers in 2009 in order of vol-
ume were First Solar (CdTe cells), Suntech, Sharp, Q-Cells, Yingli Green Energy, JA
Solar, Kyocera, Trina Solar, SunPower, and Gintech. Only 70% of global production
in 2009 was actually sold and installed: depending on sources, between 6.9 and
7.2 GW. This is an increase of some 15% over the previous year for the global market.
More than half, 3.8 GW, was installed in Germany, with the remainder going to the
following countries (in order of market share): Italy, Japan, USA, Czech, Belgium,
France, South Korea, China, and Spain. (Source: RTS Corp., Tokyo, in PV Activities in
Japan and Global PV Highlights, Issues of April and May 2010.)
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Figure 54. 42 EU PV conference, Valencia, Spain, 2008. From left: McNelis, Palz, Wrixon, Mike
Eckhart (ACORE Chairman) and Jodie Roussel.

Figure 55. Valencia conference, 2008. From left: Daniel Lincot (Chairman), Hélene Pelosse (French
Ecology and Energy Ministry), Gallus Cadonau (Director Swiss Solar Agency), Palz and Peter Helm
(conference director).

In fact, the details of the market vary by more than 10 percent between the
various market analysts and observers. The reason is that the PV plants are highly
decentralised and it is difficult to keep track of all of them: an estimate for 2009
puts the number of newly installed PV plants at more than 300000. By compari-
son, the statistics for wind turbines, for instance, are a lot more precise, as those
come in megawatt units and tend to be assembled in wind farms; some 15000
wind turbines were installed in 2009.
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Again, more than half of the new PV power capacity in 2009 was installed in
Germany. Leaving alone the fact that 38% of Germany’s newly installed capacity
in 2009 was added in just one month, December! Clearly, however, it is not really
sustainable that 50 percent of the global market is concentrated in a country where
only 1.2 percent of the world’s population lives. In terms of plant size, the trend
in Germany is towards larger plants — 9 kW on average in early 2009 compared
to 20 kW towards year’s end. However, of the total PV capacity of almost 10 GW
in Germany, some 90 percent is installed in plant sizes of less than 1 MW. Globally,
according to some sources, 25 percent of all modules installed in plants are more
than 1 MW unit size.

Global turnover also remained stable in 2009 at some US$30 billion. For the
first time ever, production costs of less than US$1/Watt were achieved for thin-
film CdTe modules, and of only slightly more than US$1/Watt for crystalline
silicon modules. Correspondingly, strong competition in the global markets
produced module price decreases of up to 50 percent over those of the previous
year — and they are not expected to come back up again in the future: PV module
prices ranged between US$1.2-2/Watt in 2009. For complete systems, excluding
storage, prices came down to €3/Watt, even for small systems.

1.2 Political, Financial, and Indusitrial Environment

For the time being, the size of the global PV markets is unthinkable without the
feed-in-tariff (FIT) system, called EEG in Germany. This political support remains
indispensable for the healthy development of the PV markets; if it failed, the mar-
kets would be in danger of collapse. The security of political support is still essen-
tial for the security of investments and the attractiveness of the PV markets.

The market in Germany is currently the most attractive for two reasons: the
profit margins for investors are especially high and the bureaucratic hassle is low.
But the high margins are not sustainable in the longer run. The new German
government that was put in place in September 2009 turned out to be no smaller
supporter of the EEG than the previous one; this is good news. In the past,
German legislators have demonstrated that support for renewable energy is not
always unconditional: over the last few years, the financial support for biofuels
and biogas has indeed been reduced and a whole new industrial sector in
Germany has been on hold.

There are signs that besides Germany many other countries are about to
follow new policies that support PV, too, and it can be expected that the global
markets will broaden accordingly in future and global political support will
continue to grow.

The steep fall in PV module prices on global markets in 2009 surprised
many. Legislators were not prepared to react immediately, and as a result, the
financial environment of 2009 was altered markedly. The 2008-09 financial crisis
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Figure 56. Boer Award Ceremony, 2009, Delaware, USA. From left: Prof. Klaus Thiessen, Berlin, Karl
Wolfgang Boer and W. Palz.

was, in fact, not the reason for this new situation; it only has enhanced it. In late
2009, there was a global overcapacity in module manufacturing of between
50 and 100 percent — depending on which analyst you talk to. Competition
became very tough and profit margins in the cell and module industry came
down sharply, even dipping into negative territory. Accordingly, there was a
reduced appetite for further investments in module manufacturing; the orders
for equipment fell by more than 70 percent in 2009.

Another loser in this new environment was the silicon supply industry.
A few years ago, when the global PV market began to boom, “electronic grade”
or even “solar grade” silicon was in short supply: the price for a kilogram of sil-
icon feedstock reached US$500 on the spot market — some 20 times the produc-
tion cost. This has now also become a buyer’s market, and prices have fallen
accordingly, leaving no further room for speculators. The beneficiaries were the
sellers of, and investors in, full systems, and in particular, the installers of build-
ing-integrated PV, the promoters of large “in-field” plants of the MW size, and
last but not least, the buyers and investors.

It is important to note that PV plant investments in Germany and other
countries that adopted the FIT system do not only rely on favourable tariffs but
also on a whole range of supporting measures such as low-interest banking rates
or tax credits. Investments that were already profitable with the FIT alone are
even more so through these extra benefits.

No wonder that profits reached even greater highs when the FIT as defined
by law remained high while module prices, which represent more than 50 percent
of the overall plant costs, hit rock bottom. In Germany, small investors who for
tax reasons were used to investing in the shipping industry, switched to the
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PV sector in 2009. Profits of well over 10 percent on the investment were not
unusual that year. A rule of thumb in Germany says that the net system price
must not exceed 10 times the yearly income through the FIT to achieve a profit
between 5 and 8 percent. That was much better in 2009, a year that stood out for
its unprecedented profits in PV.

However, this spike was never going to last for long. German cuts in solar
subsidies in 2010, to as little as 25 percent of the 2009 tariffs, will rein in the
excessive profits. In general, however, the trend is positive: investors will
likely maintain their interest in PV as they have become acquainted with it and
interest rates remain attractive; external costs for society will come down
further; and industrial competition remains very strong. And the winner is:
photovoltaics!

Another major event in 2009 was the emergence of thin-film modules in
global markets. First Solar, a US company and producer of CdTe modules, finally
dethroned Sharp of Japan and Q-Cells of Germany, the long-time global market
leaders. But it would be dangerous to jump to the conclusion that the era of crys-
talline silicon is coming to an end — it certainly is not. For the foreseeable future,
crystalline silicon cells will stand side-by-side with the thin-film cells, even if the
latter will never again be relegated to niche markets; in 2009, thin-film cells
earned their credentials to participate in mainstream global markets.

Besides the rise of First Solar, another driving force for the steep drop of mod-
ule prices in 2009 was the Chinese PV industry — which is still focusing on crys-
talline silicon. Even after consolidation at the beginning of the year, hundreds of
Chinese PV companies have remained in the game. Mainland China together with
Taiwan sold 44 percent of all PV in the global markets in 2009; the Chinese main-
land alone had one third of the world market. And with China’s insignificant
domestic market, this increased competition in export markets significantly.
Germany’s PV module producers were ultimately glad to have retained half of the
country’s domestic market for themselves in 2009, while losing 25 percent to
Chinese imports.

The typical refrain is that Chinese industry has the cost advantage owing to
its low labour wages. I do not think that this applies to the PV business. I visited
the leading Chinese firm Suntech in Wuxi near Shanghai at a time when it was still
a small start-up company. Their production line was already running fully auto-
matically, using new equipment purchased in Italy; the human resources required
were minimal. Indeed, module manufacturing is now automated around the
world, be it in Japan, the US, Germany, Malaysia or China; what may differ is the
management skills of the owners.

1.3 The Technology Boom Goes On
There exists an almost interminable list of research and development opportunities

for PV semiconductors. Dozens of composite materials are still waiting to be explored.
But it is grossly misleading to say that we first need technological development
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before PV can truly make it into the big energy markets. That argument is regu-
larly used by opponents of solar power as ammunition to denigrate PV; it is totally
wrong!

In practice, we currently have three main technological routes for PV
semiconductors:

e thin-films of CdTe, the CIS family (copper indium di-sulphide, copper indium
gallium sulphide, copper indium gallium selenide, and others), the family of
silicon micro-morphs (a very thin double layer of amorphous silicon and
nano-crystalline silicon), etc.;

e crystalline or semi-crystalline silicon cells;

e the GaAs family (components from the third and fifth column of the periodic
table of elements).

The last category is expensive and only of interest in combination with opti-
cal concentration — and for applications on satellites. Up to 42 percent efficiency
has been achieved and there is a realistic potential for more — through more
research and development.

For crystalline silicon cells, the highest efficiency theoretically possible — around
25 percent — has almost been achieved already. The main interest here remains
improvements in the technology of industrial production — more a case of devel-
opment rather than research.

The highest potential for technological improvement concerns thin-film solar
cells. Theoretical efficiencies are well over 20 percent for these materials; today’s

Figure 57. ISFOC PV concentrator testing institute at Puertollano, Spain, 2008: Prof. Luque (left) with
Prof. Gotzberger.
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industrial production achieves efficiencies barely over 10 percent. Next to CdTe,
the CIS family remains the most promising contender for further development.

2. Ovutlook
2.1 On the Threshold of Commercial Viability

As already mentioned, the price individual customers like you and me currently
have to pay to the electricity utilities is anything up to 35 US-cents per kilowatt-
hour — including all taxes and without subsidies. The price is trending upwards.
Conversely, the price of PV systems has dropped dramatically in recent years, and
as a result, the kilowatt-hour cost of PV generation has followed suit; the prospect
is for prices to head even further downwards and the trend seems unstoppable.
Accordingly, PV’s appeal for the public is widening.

The crossover point — called “grid parity” — happens when the kilowatt-
hour price of PV electricity generated on the consumer’s own house becomes
equal to the price of conventional electricity offered by the grid. This is about to
occur first at places most likely to fulfil two conditions at the same time: (i) where
the kilowatt-hour price from the grid is highest, and (ii) where solar irradiation is
most plentiful. Candidates include Italy in Europe as well as Hawaii and other US
states. Some American analysts have asserted that PV generation and grid electric-
ity have already experienced price convergence in certain market segments in
California and New Jersey; by 2012 it is expected that as many as 10 states will
have surpassed grid parity.

In 2010, we have already reached grid parity in the most favourable regions of
Europe as well. However, grid parity is not enough to get people switching auto-
matically to PV electricity generation. To make PV attractive for purely financial
reasons, the price of PV electricity must not only be equal to that from the grid but
also cheaper. Until this happens, institutional support remains important — at
least for a while — even once grid parity is achieved.

PV support in the US is, generally speaking, somewhat unique, as it focuses
on tax credits and net metering — customers only pay the difference between the
electricity bought from or sold to the grid; such schemes do not provide net prof-
its like FITs. This situation changes once grid parity is achieved: from that point in
time investors in the US earn a net profit, too. Similarly, countries like Germany
can abandon the FIT system once grid parity is achieved. From then on, the spe-
cial interest rates and tax advantages are attractive enough for investors to gain an
appreciable profit — provided that net metering becomes standard practice, as it
is in the US today.

In conclusion, it can be anticipated that in the global PV markets grid parity
is at our doorstep. Shortly afterwards, the floodgates will open for a new and siz-
able PV market that operates purely on commercial grounds. All the signals point
to this happening before the end of the present decade. But it will require that
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political decision makers follow PV market developments closely, armed with the
best expert knowledge, to avoid over-subsidising at certain times, like in 2009, or
a too-hasty reduction of support at others.

2.2 Ovutlook Towards 2020

Since the turn of the millennium, the overall trend for renewable energies
in the electric power sector has been encouraging. In the EU, next to PV and
wind power, only gas power plants have increased their capacity; the
net capacity of coal, oil and nuclear power has decreased. The trend in the US
is similar.

Extrapolating these trends lends credence to the further vigorous growth of
solar power and the other renewables in the foreseeable future — even though
China, Germany and others are pursuing a strong investment programme in new
coal power plants, and France, the US, Korea, Abu Dhabi and others are pushing
hard for the nuclear option. At the same time, as long as the global PV markets
continue to rely heavily on political support, any predictions about future devel-
opments must remain speculative.

In 2009, the worldwide PV market reached 7 GW. However, as already men-
tioned, without Germany’s market explosion at year end, there was a risk that for
the first time in 30 years the market might not have shown any growth. Annual
growth rates of 50 percent or more had not been unusual previously. Still, the
global PV industry is preparing for large growth rates in the coming years; that
at least will not be a problem.

If global markets increase by a mere 7 percent per year on average, by 2020
an additional 100 GW of PV capacity will be added to the 25 GW in place today.
If trends continue, at least half of that new capacity will go to Europe — and there
is every chance that Germany will maintain its lead. A better extrapolation from
what has happened in the first decade of the present century might be to achieve
at least double that — 200 GW of new PV capacity worldwide by 2020, with half
of it in Europe. As far as Europe is concerned, recent progress justifies some opti-
mism about the coming developments in France and to a lesser extent in Italy. An
additional 100 GW of capacity in the EU would mean that more than 10 percent
of overall power capacity would be solar; in terms of electricity production, that
would constitute 2-3 percent.

China: The Solar Dragon

In energy terms, China is currently the number one global player. Its dynamism is
characterised by some extraordinary growth rates: every year, China adds up to 100
GW — as much as Germany’s total — to its power capacity; in 2008, China
accounted for 85 percent of global coal demand; China recently surpassed the US as
the world’s biggest CO, emitter; and in 2009, China became the largest automobile
market in the world, with over 14 million new cars.
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Figure 58. China PV Conference, Beijing, 1986.

Figure 59. High-Tech Forum, Shenzhen, China, 2009: Qin Haiyan (Director Chinese
Certification Office) and W. Palz.

China is aware that it has a “sustainability problem”. Its leaders are realising the
need to maximise energy conservation, introduce “clean coal” power plants and close
inefficient coalmines, and increase nuclear capacity by building new atomic power
reactors. Above all, China is now a key player in the global deployment of renewable
energy: one in three PV modules on the global markets come from Chinese manufac-
turers, leaving the former industrial PV leaders Japan and Germany behind. Sixty
percent of the world’s solar water heaters are installed in China, and they are of the
highest quality. In 2004, 60 million square metres were installed; more than twice as

much — 130 million square metres — was installed in 2008.
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By 2005, China had only installed a meagre 1.2 GW of wind power; just three
years later, it had 10 times as much. In 2009, China installed the largest new wind
capacity anywhere in the world: 14 GW in a single year.

Three-quarters of the renewable energy installed in China is hydropower and the
country is the world leader. Small hydropower (SHP) accounts for one third of the
total. In 2008, the amount of SHP installed increased by 8 percent to 51 GW. Today,
300 million people in China’s rural areas get their power from SHP. This is part of
the country’s “New Rural Village Construction Plan”. Local stakeholders take
responsibility for construction, management and operation of the facilities. For
20 million people in China, SHP is used for cooking, saving precious firewood. The
decentralised nature of these endeavours is highlighted by the fact that 500 micro-
credit systems are operating in the country.

China’s bio-energy programme currently equates to the consumption of 100 million
tonnes of coal. Efficient wood stoves have been installed in 146 million homes, and
30 million households rely on modern forms of biogas. The potential for biogas is
enormous: the country produces some 1,100 million tonnes of cattle manure a year,
from which biogas may be extracted. Currently, 35 percent of China’s 770 million
tonnes of straw is used for energy generation. As bio-alcohols for transport are becom-
ing increasingly important, China is experimenting with sweet sorghum — where it
is the world leader — and with cassava and sugar cane.

If current growth rates continue, China could have a 45-50 percent share of
renewable electricity by 2020.

Figure 60. Meeting at the reception hall of the Chinese government, Beijing, 2009. Ma Kai,
Secretary General of the State Council of China, (centre); Dr. Wang Tao, Chairman Chinese
National Committee of World Petroleum Council and former minister (right), and W. Palz.
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By way of comparison, by the end of 2013 Spain is expected to have a total of
2.4 GW of solar thermal power capacity — the country is the leader in Europe in
that technology. This will represent less than 10 percent of the PV installed at that
time; as explained previously, solar thermal power is rather wishful thinking by
some vested interests, while PV is widely held to be the answer when it comes to
solar power deployment.

On global PV markets, China stands out as the most promising country: the
development of solar energy has considerable public support in China, and
the Chinese government is aware of its potential and has ambitious plans in the
offing — and China’s PV industry is already leading the world today.

Needless to say, the US can be expected to stay competitive in PV as well,
revitalising their leadership role that was so strong in the 1980s. Similar shifts hap-
pened in the wind power sector: in the 1980s, the US was a pioneer in the world;
at the turn of the millennium, Germany led the charge; today, the leaders are again
the US together with China as well as Germany and Spain. In 2009, 32 GW of new
wind power capacity was installed, compared with 6 GW for PV; some analysts
have predicted a global wind power capacity of some 700 GW by 2017.

2.3 PV as Part of a 100 Percent Renewable Energy World

We have considered at length the unsustainable nature of the world’s conven-
tional power and energy system for reasons associated with global climate
change, security of supply, and the ultimate limitations of all fossil and uranium
resources. Even experts in the energy sector are conceding that when the oil and
natural gas finally run out, the “clean coal” and “nuclear breeders” options are
highly problematic — not only due to the excessive costs involved but also
because people’s commitment to atomic power or large-scale carbon dioxide stor-
age is questionable. It has become increasingly obvious that solar energy provides
the solution needed for a world requiring an abundant and sustainable energy
supply.

A world that is 100 percent reliant on renewable energies is a novel idea
and — although it is attracting more and more attention — it is revolutionary. To
test how far that idea might also be realistic, various simulations are currently
being undertaken; we are going to mention just a few of them. All must obviously
be speculative, as a “solar world” is not something one could achieve tomorrow,
but perhaps in a few decades from now. However, the stakes are high for the
world’s future, its economic outlook and new opportunities for a peaceful society.
It is time to have an inspired look ahead.

In the early 1980s, the French Groupe de Bellevue became the first to assess
the opportunities for a 100 percent renewable energy supply for a large country:
France. Details have been given in a preceding chapter of this book. The report
confirmed the viability of such a vision.
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In the framework of our EU APAS programme mentioned earlier in this
book, an extensive study entitled “Long-term Integration of Renewable Energy
Sources into the European Energy System” was undertaken in the mid-1990s.
Results were published in a book of the same name by Springer in January 1998
(ISBN 3-7908-1104-1). The project leader was Helmuth Groscurth from the
renowned ZEW Centre for European Economic Research in Mannheim, Germany,
in co-operation with a group of 25 experts from CIRED in Paris, France;
Polytechnic University in Mons, Belgium; Roskilde University, Aalborg
University and Novator Consulting, all in Denmark; and in Germany, FhG ISI in
Karlsruhe and the Wuppertal Institute.

Of the two scenarios considered, the group calculated a “Sustainable Future
Energy System” for the EU15 (at the time the EU had 15 members) with a time
horizon of 2050. Living standards were to remain the same as they were at that
time in northern Europe — among the highest in the world. The authors also
stressed that such developments in Europe should not come at the expense of
other regions of the world, especially the poor ones.

It is important to note that the purpose was not an attempt to predict future
developments, but a means to check concepts for a sustainable future energy sup-
ply for Europe for their technical and economic feasibility and to provide a
positive vision for decisions to be made in the future. The results of the study were
the following;:

e The overall energy demand in Europe (EU15) should be reduced by 62 percent
from 4,500 W per capita in 1990 to 1,700 W per capita in 2050.

e  Ninety-five percent of the energy demand should be supplied from renewable
sources (even when considering only those technologies that were already
developed at the time of the study).

e Bio-power should supply 500 W/ capita; solar thermal collectors, 330 W/ capita;
wind power, 210 W/ capita; PV, 153 W/ capita; and hydropower, 140 W/ capita;
and so on.

The following figures give valuable insight into what implementing PV in
practice meant in the study. Only building-integrated collectors were taken into
account: on 2,770 km? an overall PV capacity of 405 GW would have to be
installed. For the EU15, the authors calculated a total surface area of 5,300 km? on
rooftops and 3,900 km? on fagades. Thirty percent of these surfaces would be
equipped with PV — the remainder with solar heat collectors.

In 2000, the German parliament in Berlin, the Bundestag, set up an official
Enquéte Commission on Sustainable Energy Supply. It ran a number of different
supply scenarios for a “sustainable Germany” with a time horizon of 2050. I was
on the Commission together with Harry Lehmann, presently a director at
Germany’s Federal Environment Agency (UBA), and other experts and members
of parliament from all parties. An official report (14/9400) was delivered at the
end of the Commission’s term in 2002. Harry Lehmann and his team carried out
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Figure 61. The German parliament’s Enquéte Commission of 2002: W. Palz (left of the “lady in
green”) and Harry Lehmann (standing behind both).

one of the detailed simulations: to investigate the viability of a Germany 100 percent
powered by renewables by 2050. As the report documented, he proved that this
option is indeed viable.

The Enquéte Commission found that with PV arrays deployed just on the
roofs and fagades of all existing buildings in Germany, 38 percent of all electricity
demand could be met; counting the whole of Europe, the potential would be
44 percent, and on the global level, 100 percent. The report does not consider
ground-based PV installations; doing so, one may easily arrive at a 100 percent PV
supply for the entire world.

In one of the other scenarios calculated by the Enquéte Commission, the
nuclear option was considered with a view to reaching the goal of an 80 percent
reduction in greenhouse gas emissions by 2050. The conclusion was that up to
70 new atomic power plants would have to be built in the country — a big
embarrassment for the conservative party members of the Bundestag, who
presumably would have wanted the whole affair to disappear into the
archives.

It is worth mentioning that Harry Lehmann and his team also tried simula-
tions for Japan and other countries powered exclusively by renewable sources.
The results were positive in all cases.

In its November 2009 cover story, the prestigious journal Scientific
American presented the most aggressive “100 percent scenario” imaginable:
not just conventional electricity but all energy needs, including those for trans-
portation and heating, would be supplied globally by 2030 — only 20 years
from now!
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Figure 62. Washington, 2010: W. Palz with Carol Browner, Director for Climate and Energy at the
White House, previously long-time Director of the US Environmental Protection Agency.

Mark Jacobson of Stanford University and Mark Delucchi of the University
of California calculated a world in 2030 in which the maximum power consump-
tion of 16,900 GW at any given moment could be met — after taking higher
efficiencies into account — by solar plants (40 percent), by wind power (51 per-
cent), and by hydropower (9 percent).

Three-quarters of the solar power would come from rooftop PV panels, and
all the technologies involved would be those already available today. Only
1.3 percent of the global land area would be needed for installation. The cost of
generating and transmitting electricity with renewables would be less than the
projected cost using fossil and nuclear fuels.

The Scientific American paper completely discards energy derived from bio-
mass; this is surprising given that it is currently the world’s most important
renewable resource. In future, it would be nonsensical not to make use of at least
part of the five billion tonnes of animal and human waste that pile up every year
on Earth by extracting its energy via biogas; or to exploit some of the more than
six billion tonnes of new solid material that grows every year in the world’s
forests; or to employ the energy contained in agricultural residues. And why not
utilise “energy crops” that convert solar radiation into biomaterials ten times
better than conventional forests?

We should not forget that we ourselves are part of the biosphere, and
sustainability means looking after the interface we all share with the living
world. Only robots can rely on semiconductors alone!

Despite any shortcomings it might have, Jacobson and Delucchi’s study
convincingly illustrates that shifting the world to 100 percent renewable energy is
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Figure 63. The bright solar future: a large PV plant in front of a coalmine in Saarland (W. Palz’s home
state), Germany.

perfectly possible — given the will to do so. The planet’s energy needs will never
be met entirely by solar power, but PV will be one of the brightest stars among an
ensemble of clean energies that generate the electricity of our future Earth.

3. Conclusions

Our generation is a generation in transition. When my father Karl was born in
1892 in Germany, virtually no family in the world had electricity. By the time my
son Carlo reaches my present age, it will be the year 2060, and I fully expect that
the world will be supplied primarily by solar energy and its derivatives. By then,
the age of oil will have come to an end — and we can only hope that it will not be
a tumultuous final act.

Later generations will remember ours as the generation that bestowed upon
humankind the comforts of electricity and electronic communication while
exploiting and consuming the hydrocarbon resources accumulated over millennia
in little more than 200 years. Nothing to be proud of.

Will we at the very least also be remembered as the generation who made way
for the coming solar age?
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French cartoon that the famous cartoonist and PV pioneer, the late Jean-Marc Reiser, painted in 1982 as a gift for Wolfgang Palz. The “speech bubble” reads in
English: And when there is no sunshine, everybody stays in bed.
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Chapter 2

My Solar Age Started with Tchernobyl

Franz Alt

TV Journalist and Publisher, Baden Baden, Germany

Until the great accident of Tchernobyl, I was a supporter of the atomic energy.
I trusted those experts that had told us their ideology of a “safe nuclear energy”.
As a TV journalist and member of a conservative Party, the CDU in Germany,
I was blindly believing the energy experts. But the disaster of Tchernobyl was a
wake up call and eventually I started to make up my mind seriously. Tchernobyl

was my “Damascus event”.
In the meantime I did learn a few things:

e The Sun sends us, every second, 10000 to 15000 more energy than man on

Earth is currently consuming
e The wind streams contain 80 times more exploitable energy than we need
e 10 times more biomass is growing than our total energy needs

e Just the hydro energy alone contains as much energy as we consume in one

single day

e The marine currents and the wave energy can give us at least 100 times the

energy we need

e The geothermal energy offers a multiple of our needs. 99% of our globe is

more than 1000°C hot.

Hence, also in practice, the direct solar energy or the indirect ones of wind,
water, and biomass are more than sufficient to satisfy the energy hunger of almost
seven billion people. The Working Group ‘Solar Energy for Environment and
Development’ of the United Nations stated: “It is well established that the over-all
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potential of the Renewable Energies lies in the order of magnitude of 10000 times
the world’s current energy demand”.

The Sun is the motor of everything that happens on our planet. She is five billion
years old and will continue to shine for 4.5 billion years more. Each year she sends
us 350 million billion (350 000 000 000 000 000) kWh of radiation energy to our
planet. All sources of energy on Earth we owe to the Sun: the wood of the forests
and the vegetation in the fields, and also the deposits of coal, oil, and natural gas,
that stored the Sun’s energy over millions of years. Moreover, the Sun drives the
water circuits in the seas and rivers.

The Sun is the source of all life. She heats our planet, gives us light, and pro-
vides the plants with energy for photosynthesis. This is the most important chem-
ical reaction on Earth giving life to plants, animals and man. And even during
night, the Moon and the planets reflect the Sun’s rays to Earth. The nuclear reac-
tor “Sun” differs from the nuclear power plants on Earth in that it is safe for acci-
dents and nuclear radiation, needs no recycling of atomic waste, and provides all
people with energy free of charge.

Just the solar radiation that reaches the Earth this day could meet our energy
demand for the next 180 years. The Sun is our only inexhaustible source of energy.
Buying fruits mostly in the super markets, warm meals in the canteen and milk
packed in plastic bags, we tend to forget how all this comes about. We owe the
cow and the fruit tree, the cereals and the electricity from the wall socket — just
like our own life — to the Sun’s energy. No Sun, no life. The Sun is the trade secret
of our existence. The Sun’s rays are the great gift of the Cosmos to us. The Sun was
and is the one and only income of our planet. Since millennia we live from these
gains. For all that, the Sun is tragically and terribly undervalued.

The astrophysicist Klaus Fuhrmann from Munich University has calculated
the following negative scenario for the Sun:

e The global mean temperature today is 15.9°C

e If we had no Sun anymore, tomorrow, the globally tempreature would be
-15°C

e Just after three days without our Sun, our temperature would have come
down to —40°C, all schools would be closed

e After four days, we would have —80°C, no car engine could start

e After a week, the temperature would have come down to -173°C, all life
would numb

e  After four weeks or so, there would be no plants, no animals and no human
left. Our Earth would be just a big cemetery. And there would be nobody left
to complain about it

If we have at our latitudes in central Europe 0°C in Winter and 20°C in
Summer, then this is the effect of the Sun. Our only need is to level out the differ-
ence between Winter and Summer. But as we don’t heat in the Summer, we only
have to make up for 7°C on the yearly average. And even the balance between
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Summer and Winter can be achieved by calling on the assistance of the Sun — her
sheer unlimited offer of choices. Only that little difference is at stake. The balance
between 7 degrees.

In previous civilisations, people were more aware of all life’s dependence on
the Sun. That’s why she became a basis of religions and cults. Sowing and growth,
harvest and feasts were related to her light and her warmth. Only the age of
enlightenment and the “modern” churches blurred the awareness of the Sun as
the all-embracing donator of life. Jesus still saw it differently: he was talking about
his father in Heaven who lets the Sun shine over the righteous and the unjust
alike. The “Sermon on the Mount” is full of pictures of God close to nature. But
the churches have replaced them by insipid and abstract images of God. In all
holly scripts of mankind, the Sun is a divine symbol. God: The Sun behind the
Sun, the very first energy, to which we owe everything.

But it is encouraging to see that in Germany in 2009 already 800 Christian
churches of the big two denominations have installed solar installations at their
buildings. They offer at last landing decks to the Holy Ghost. Religion becomes
concrete and practical. Since the late 2008, the Vatican got its first large solar PV
plant right next to St. Peter’s — heavenly energy for the German Pope in Rome.
The God of the creation is no ascetic, but an inspired artist of sincere cheerfulness
who created with no more than Earth and Sun a total artwork. God or the
Goddess forgot no smell and no sound, no colour and no form, and not the light
and the warmth. All that I had to realise step-by-step, me, the son of a coal
merchant — a representative of the old energy system.

Industrialisation has sidelined the great interrelations of nature. But modern
natural science and cosmology give us a new insight of how much we are
dependant on the Sun. The Solar Age is coming. If we succeed in the next few
decades to employ just a fraction of the Sun’s energy then the energy problem is
solved once and forever without contamination of the environment. This inex-
haustible and primary source can bring wealth and wellbeing for all people.
With solar energy we can start a new era of solar culture as it never existed
before.

The greatest danger for the future of mankind is our wrong energy policy.
Instead of gaining environment friendly energy from the Sun, the wind, the
water, and the biomass, from solar hydrogen and the heat of the Earth we
consume in a record time the energy resources oil, natural gas, coal, and ura-
nium. With oil, natural gas, and coal we heat via CO, emissions the planet and
create a hothouse atmosphere hostile to life. And atomic power plants are
extremely dangerous by their sheer existence. For a very long time after they
will have stopped operating, radioactive waste keeps emitting radiation for
over 100000 years.

The year 2010 — the year after the unsuccessful Copenhagen Conference — is
a year of decision for a fundamental change of our energy supply. The purpose is
to supply the world in the future securely and environment friendly with domestic
energy sources in a decentralised manner. Already by 2020 — following calculations
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of the German Renewable Energy Associations — half of the electricity could
become generated from renewable resources. But this requires a new political
framework.

The future park of power plants must be complemented, next to the speedy
deployment of the Renewable Energies, by flexible power plants that are capable
of harmonising the variations of electricity demand and supply respectively. Or
do we want to go back for decades by allowing for longer operational life times of
the atomic power plants and for newly built coal plants? Atomic power plants
cement the old park of power plants by their inflexible operability. New power
grids and energy stores — indispensable complements of the renewable, decen-
tralised energy supply of tomorrow — are blocked by the inert atomic mastodons.
This way, the urgently needed extension of the electric grids does not come in sup-
port of the decentralised energies of the future, but as nothing more than the
transport of the current from the fossil-atomic Mega power plants. A forward-
looking policy offers the chance, via a bonus for combined power plants, to pro-
mote investments in biogas storage, batteries, and electric cars and in this way, to
prepare the crucial steps for a full supply with Renewable Energies. Just in 2008,
by the deployment of the Renewable Energies in Germany, 30000 jobs have been
created in the country. Switching to a 100% Renewable Energy supply in Germany
and in the European Union could entail, following calculations of the European
Commission, five million new jobs in Europe and more than one million of them
in Germany.

1. Solar Policy is Social Policy

The great philosopher of the Atomic Age, Giinther Andres, once said: “Our
biggest problem is that we don’t imagine anymore what we are doing”. As I had
many political and personal reasons over the last 20 years to change my ideas, I
know what Andres had in mind. Only when I started to concretely and practi-
cally imagine what atomic power plants and the atomic arms race can do, I was
able to shift my thinking. A new awareness is the prerequisite for a new way of
thinking and of doing things. As long as I was not aware that with 1 litre of gaso-
line I pollute 10000 litres of air, I drove the car some 15 times more kilo meters
now. As long as I did not realise that we burn simply with our current energy
practice in one year as much oil, coal, and natural gas as was needed to grow in
one million years, I saw no reason to think seriously about alternatives to the
present energy policy. Before Tchernobyl, I was not aware what an atomic acci-
dent could mean — hence I was not against atomic power plants. Before the
great peace movement in Germany in the early 80s I could not imagine that the
atomic arms race could quickly lead to an atomic war — and so I was not against
nuclear weapons.

Gilinther Ander’s philosophy is valid not only in the negative sense but also
in the positive. Only by gaining experience with alternatives we strengthen the
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positive forces of change. Only after we got the experience with alternative
sources of energy and developed their implementation, they can get a real chance.
A particularly stupid claim is to say: “I am not able to change anything”. Those
who say this should not wonder why indeed nothing changes. We got since 18
years on our house in Baden-Baden, Germany, two solar plants, a thermal and a
photovoltaic one and I can assure everybody that during that time the Sun never
sent us a bill — while the price of the old energies increased four-fold.

A precondition for all real action of change is the deep conviction: “I can if I
really want so”. We also have to imagine positively what is possible with alterna-
tive energies.

But I also learnt that the old energy economy defends itself massively, with
much money and legal expertise against the Renewable Energies. As a TV journal-
ist I had to take my state television station in Germany eight times to labour court
to be able to enlighten also my audience of millions of people about my new find-
ings. Journalism means enlightenment. And this I want to do until the end of my
life. To enlighten many so that the “Sun of the Father” (Jesus) does not shine for
nothing. No fight, no progress. Citizens, to the Sun, to freedom!

Franz Alt
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Chapter 3

More Electricity for Less CO,

Yves Bamberger

Electricité de France (EdF), Paris

The 20th century left us a complex and efficient electrical system, ranging from the
plugs in our homes to nuclear power stations, from the pylons along our country
roads to major dams. The system plays an essential role in our everyday lives and
our societies. It can be described as a network through which transit most of our
energy needs and supply. In the 27-member EU, electricity accounted for some
17% of final energy in 1990 (Fig. 1); by 2007, the share had risen to 21%. In China,
during the same period the electricity share on the final energy consumption grew
from a bit less than 6% to more than 16%, narrowing the gap with Brazil. In the
next decades, as shown in Fig. 2, electricity will continue to represent an ever
larger share of energy consumption, accounting for about 30% in 2030, while
enabling a significant reduction in carbon emissions as energy efficient electricity
solutions are substituted to those relying on fossil fuels and as electricity mixes
worldwide continue to be decarbonised. The growing role of electricity will thus
be a key source of energy eco-efficiency, greenhouse gas emissions reduction and
will warranty the independence in terms of fossil fuels. In summary, it will play a
central role in sustainable development in our countries and in emerging and
developing ones where electrification rates remain very low and where unfortu-
nately human beings are suffering from many other lacks.

On the demand side, the increasing role of electricity will come through better
electric appliances, through a more efficient use of them but mainly through the
substitution of end uses using fossil fuel by electricity. Heat pumps replacing
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figure 12 Electricity Share on final Energy Conamption
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Figure 1. Electricity share on final energy consumption.
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Figure 2. Ratio of electricity in final energy consumption (WEC scenarios).

boilers, plug-in hybrid vehicles transferring a part of oil consumption towards
electricity, industrial end-uses like induction and again heat pumps for a better
use of heat derived from the manufacturing lines, are examples of how to opti-
mize the use of energy, taking in account the necessity to decrease our societies’
CO, emissions. For instance, a fleet of one million plug-in hybrid vehicles in 2020
being recharged at night in France will allow to save every year one million ton of
CO, and 0.5 Mtoe of oil. Of course, these developments have to be accompanied
by other actions to reduce the global need of energy. The first lever in European
countries is to better insulate homes and buildings.

Interestingly, these substitutions still make sense in terms of saved CO, emis-
sions in all Western countries, and not only in France where the carbon intensity
per kWh is very low (thanks to nuclear and hydro, 95% of EDF electricity genera-
tion is free of CO,). Therefore, all efforts aimed at reducing the carbon dioxide
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emissions when generating electricity will emphasis the specific role of electricity
to fight against global warming.

2. Achieving an Ever Lower-Carbon Electricity Mix with Nuclear
and Renewables

Technologically speaking, we can expect major breakthroughs in terms of pro-
duction costs and innovations on photovoltaic cells. Solar photovoltaic will be an
integral part of the future generation mix with, every year, more efficient and less
expensive cells. In addition to building-integrated panels, which have the great
advantage to use already existing spaces located in the dynamic development
sites, industrial, commercial areas with high density of population, photovoltaic
plants will come on stream, raising questions of the land use competition. Wind
power is relatively mature and generation costs have already fallen sharply. The
main difficulty with a massive rollout of the technology relates to the challenge
of operating and connecting to the network. Offshore wind power will also ben-
efit from a reduction of generation costs thanks in part to the larger size of the
turbines (up to 10 MW?) even if the cost of the offshore farms connection to the
continental grid and the cost of turbines maintenance will remain high over the
long term. Marine energy technologies are developing fast but successful demon-
strations are still required to figure out what is the real potential of that source of
energy.

Needless to say, the decisions of all players regarding investments in the
future centralised generation facilities are based on economic considerations and
try to take in account the instability of the regulations. As regards the renewable
energies other than hydro, the development of the different technologies will
depend, for the next decade, firstly on feed-in tariffs defined at a national level.
What was observed in Germany, with the first EEG law in 2000, is that tariff was
the first deciding factor for the development of renewables. Another example is
the strong correlation in time between the incentive tariffs established by the
French government and the fast growing development of photovoltaic. This raises
immediately the question of lack of coherence in the incentive-based systems over
neighbouring countries, especially within Europe, with a clear impact on the
rapidity of growth in every country.

Another observation, that can be drawn from the fact that feed-in tariffs
and their stability over time are the major key factors for the development of
renewable sources, is that the organization of the electric sector, vertically inte-
grated energy groups or totally independent producers, DSOs and suppliers,
has no effective impact on the rate of development of renewable sources. As a
matter of fact renewable energy sources have been developed in any kind of
electricity sector organisation! This comment is perhaps politically incorrect for
some economists or politicians but it is simply based on the analysis of the last
15-year history.
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3. Networks: A Tool for Pooling Production and Integrating
Renewable Energies

The “traditional” electric system — large generation facilities, transmission, distri-
bution, customers — will evolve substantially as renewable energies gather
momentum. This is particularly true of the distribution network which will
become more of a “circulation” grid where all contributions from renewable and
intermittent power sources are pooled. The truth is that the development of
renewable energies only makes sense, notably in terms of safety and expansion, if
they are combined together on the distribution network.

It implies to invest in the network to give him the “intelligence” to integrate
the local generation (or storage capacity) without reducing the level of quality and
safety which is required for the uses of electricity and long-awaited by the citi-
zens-customers, at least in the developed countries and progressively everywhere.
We are here coming to the “smart-grid” or “intelligrid”, which will also enhance,
coupled load management and load-shaving and, more globally, “flexibility” on
the demand-side.

It is important to mention in this brief review that electricity storage will
require (on all scales) to invest in research efforts. Depending on the costs entailed,
this area could completely change the electric system. There are two key advan-
tages being able to storage: first, it would facilitate the integration of renewable
and intermittent power sources by guaranteeing supply, and secondly, it would
help to smooth peak demand and allow the energy generated with store methods
to be substituted for the high-carbon technologies relied on during consumption
peaks.

4. Carbon-Free Electric Mix as an Opportunity to Develop
New Industrial Facilities

Carbon content per kWh could in the very near future become a key criterion in
choosing locations for industries or industrial facilities, as it affects companies’
image and the lifecycle of finished products.

To conclude, we add that total CO, emissions generated by making photo-
voltaic panels, from manufacturing to dismantlement, depend in very large part
on the carbon content of the electric mix in the country where the factory is
located. An evaluation conducted by EDF R&D showed that CO, emissions result-
ing form the manufacture of the modules may change from a factor higher than
15: if we compare, photovoltaic panels produced in France with an electricity con-
taining less than 50 g/MWh to panels produced somewhere with an electricity
coming from a coal plant with 800 g/MWh, you see the difference! Some players
in the photovoltaic market have already noted the “comparative advantage” of
the French mix!
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Yves Bamberger

e  Chairman and CEO of EDF R&D

e Member of the French Academy of
Technologies

e  Member of the French Government Science
and Technology Council

: Yves Bamberger began his career in the R&D field,
9 ] researching structural mechanics at the Central

Laboratory of the “Ponts et Chaussées” (civil
engineering). There, he carried out theoretical and
experimental work on vibrations, stability and wave propagation and their
applications.

He joined EDF in 1980 to set up the Numerical Mechanics and Models
Department within the EDF Studies and Research Division. He was named
Technical Director and Information Systems Manager at the EDF Generation and
Transmission Division. He then became CIO of the common division shared by
GDF and EDFE.

In July 2002, he was appointed Executive Vice President, Head of EDF R&D (2000
employees in France).

Yves Bamberger has won an award from the Académie des Sciences
(Prix Monthyon, 1988). He also chairs the French “Institut National de Recherche
sur les Transports et leur Sécurité” (INRETS) and the “Laboratoire Central des
Ponts et Chaussées” (LCPC).

Mr. Bamberger is a graduate of the French Ecole Polytechnique, the foremost
engineering school in France, and a Chief Engineer of Ponts et Chaussées (civil
engineering).
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Chapter 4

Solar Power in Practice

Design Director and Senior Partner, Foster + Partners,
Professor for Advanced Building Construction,
Technology and Design, University of Stuttgart, Germany.

When Foster + Partners first introduced photovoltaic technology into one of its
schemes back in 1975, both the technology and the reasoning behind its use was
in its infancy. The Gomera Masterplan — a tourist development on the Canary
Island of Gomera — aimed to encourage self-sustaining development based on a
combination of indigenous construction techniques and renewable resources.
Crucially, the island’s constant sunshine and steady winds made it a natural test-
bed for solar power.

The advantages and benefits of such a system were immediately clear to the
practice and since this pioneering project, it has continued to develop and push
the possibilities of the technology. In many ways the history and development of
photovoltaic technology and how it can be incorporated into architecture can be
read through a quartet of projects beginning in Duisburg, Germany, in the 1980s
and which continues today with the construction of Masdar in Abu Dhabi, a new
6 million square meter sustainable city.

It is telling that the practice’s first large-scale project to utilise photovoltaics
should be in Germany. Much of Europe, and Germany in particular, is forward-
thinking with regard to sustainable technology and has an enviable history of
passing legislation at the highest level to provide incentives and tax breaks to
those developers wishing to pursue a green agenda — after all, such designs
and technologies are only as good as the political and social will to implement
them.

Foster + Partners’ work in Duisburg — one of my first projects at the
practice — began with the Microelectronic Park in 1988. The design comprised of
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Figure 1. Masdar, Abu Dhabi. This pioneering development explores sustainable technologies and
the planning principles of the traditional Arab walled city to create a desert community that will be
carbon neutral and zero waste. Designed for a population of 90 000 people, it includes a new university
and the headquarters for Abu Dhabi’s Future Energy Company, together with special economic zones
and an Innovation Centre. The city comprises two clearly defined quarters, the larger of which will be
complete first. The surrounding land will accommodate wind and photovoltaic farms, enabling the
community to be energy self-sufficient.

Figure 2. Illuminated at night the Reichstag’s cupola becomes a brilliant beacon, visible across the city.

three integrated buildings for new-technology companies — the Business
Promotion Centre, Telematic Centre and Microelectronic Centre — together with a
linear park, all set within a dense residential district. It explored fresh approaches
towards energy and ecology; and given the trend towards clean, quiet industries,
demonstrated the potential to create attractive, mixed-use neighbourhoods.
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Figure 3. The Reichstag’s comprehensive environmental strategy relies extensively on daylight, solar
energy and natural ventilation and makes use of renewable biofuel. The mirrored cone within the
cupola reflects daylight into the chamber, while the moveable sunshade blocks solar gain and glare.
Refined vegetable oil, when burned in a cogenerator to produce heat and power, is remarkably clean
and efficient when compared to fossil fuels. The surplus energy produced, in the form of heat, drives
an absorption cooling plant to produce chilled water for summer cooling. Excess hot and cold water
can be stored in aquifiers, which are located respectively 300 and 60 metres below ground. All of these
measures combine to make the Reichstag a highly efficient energy user. In fact its own requirements
are so modest that it has become a net producer of energy, performing as a local power station in the
new government quarter.

Figure 4. Presentation model of the Eurogate scheme, Duisburg. The crescent-shaped building rises
from three to nineteen storeys and encloses a broad public esplanade. The building contains shops,
cafes and entertainment facilities as well as offices, a hotel and conference centre. The south-facing
fagade contains a vast array of photovoltaic cells — the largest such array in Europe — which will
allow the building to generate its own power in entirely sustainable way.
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It was intended that the Business Promotion Centre’s roof should be covered
in photovoltaic cells which would allow the building to generate its own electric-
ity and heat water to drive an absorption cooling plant. However, due to capital
costs this proposal was discontinued, although it is capable of being retrofitted at
a later date.

Scheme Comparison
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Figure 5. Scheme comparison examining the relative efficiency and power output of varying photo-
voltaic arrays at Eurogate.

The underlying themes of the project were reinforced by a masterplan for
the physical and economic regeneration of the Inner Harbour — the final piece
of which is Eurogate, a crescent-shaped building containing a hotel, conference
centre, offices and shops, and which is located at the heart of the scheme. When
completed, the Eurogate complex will have the largest solar array of photo-
voltaic cells in Europe. Designed to generate electricity for the building, as well
as the wider site, the photovoltaics are integrated into the south facing facade,
acting like a giant billboard and amply demonstrating how modern photo-
voltaic cells can be used to great aesthetic effect. By reducing the dependence
of the harbour development on the national grid, the scheme takes full advan-
tage of German legislation which provides incentives for the use of renewable
energy sources.

This large-scale use of photovoltaics would have been unthinkable back in
1975, both from a cost and a technological perspective. Even in 1988 when the
Business Promotion Centre was being constructed, the costs proved too great.
However, from the mid-1990s onwards, a combination of enlightened legislation,
together with lower production costs for photovoltaic cells has meant that the
widespread use of photovoltaics in architecture is finally becoming achievable.
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Figure 6.
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Figure 7. Photovoltaic cells on the south-facing section of the Reichstag’s roof power a moveable
sunshade in the cupola. The shade is suspended on rails allowing it to track the path of the sun. In
addition, the photovoltaic cells drive mechanical fans within the cone to help facilitate airflow.
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Figure 8 and 9.

Figure 10.

While this is a major step forward, it is important to remember that the key to their
effective use lies in a multi-faceted approach which combines the use of photo-
voltaics with other passive and non-passive systems. The addition of some
arbitrary solar panels to a building won’t make it any more sustainable if all the
other systems are inefficient.

This holistic approach was taken when redesigning the Reichstag between
1992 and 1999. The transformation of the Reichstag is rooted in four related issues:
its significance as a democratic forum, an understanding of history, a commitment
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Figure 11. City Hall, London includes an array of photovoltaic panels on its roof, which were pro-
posed from the outset but not finally fitted until 2007. These now complement the many other passive
systems deployed to reduce energy consumption. For most of the year the building requires very lit-
tle active heating — the major potential energy demand comes from cooling. To assist passive or low-
energy cooling, the building is naturally ventilated for most of the year, with openable windows in the
office spaces; heat generated by people, computers and lights is recycled; and cold ground water is
pumped up to supply chilled ceilings.

to public accessibility and a vigorous environmental agenda. At the heart of the
scheme is a glazed cupola which while symbolic of rebirth, is also fundamental to
the building’s natural lighting and ventilation strategies. At its core is a “light
sculptor”, a cone that reflects horizon light down into the chamber. Photovoltaic
panels on the roof are used to power the motor-driven sunscreen that tracks the
path of the sun to control the amount of sunlight reflected into the chamber.
Mechanical fans within the cone to help facilitate airflow are also driven by solar
power. In addition, heat exchangers make it possible to recover and utilise a pro-
portion of the heat from the extract air before it is expelled through the top of the
cupola.

The use of photovoltaics is just one aspect of the building’s sustainability
strategy, by burning clean, renewable bio-fuel — refined vegetable oil ? in a cogen-
erator to produce electricity the building has seen a 94 percent reduction in carbon
dioxide emissions. Surplus heat is stored as hot water in an aquifer deep below
ground and can be pumped up to heat the building or to drive an absorption
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Figure 13. The roof of each building in Masdar will incorporate photovoltaic cells, supplying power
directly to the city’s grid. The use of shading and colonnades helps give respite from the sun and was
influenced by traditional Arab settlement. Narrow streets with angled facades together with planting
and water also help mitigate the fierce desert sun.
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Figure 14. Masdar, which is similar in scale and density to Venice, is completely integrated — there
are no separate zones for industry, education or culture.

cooling plant to produce chilled water. Significantly, the building’s energy
requirements are so modest that it produces more energy than it uses, allowing it
to perform as a mini power station in the new government quarter: it is an object
lesson in sustainability.

There are clear synergies between the Reichstag and London’s City Hall, work
on which began in 1998. City Hall advances themes explored in the Reichstag,
expressing the transparency and accessibility of the democratic process and
demonstrating the potential for a sustainable, virtually non-polluting public
building. Designed using advanced computer-modelling techniques the building
represents a radical rethink of architectural form. Its shape achieves optimum
energy performance by minimising the surface area exposed to direct sunlight
and maximising shading.

Its offices are naturally ventilated, photovoltaics provide power and the
building’s cooling systems utilise ground water pumped up via boreholes. While
the use of solar panels was originally rejected due to cost, we ensured that the
structure was capable of being fitted with a solar array at a later date, something
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which happened in 2007. The solar panels are raised up from the roof on a series
of posts so that they act like a rainscreen, with the cavity beneath preventing any
heat transmission.

To achieve a sustainable way of being we must work at all levels and scales
and with both traditional and new technology. At the smallest scale this might
involve the use of solar components and systems, such as the solar panels pro-
posed for Gomera. The next scale up from the design of individual components is
the design of buildings as integrated energy systems, like the Reichstag and from
there the next jump is to neighbourhoods and cities.

The Masdar Masterplan represents sustainable thinking at a city scale. When
completed it hopes to be the world’s first carbon neutral, zero waste city. Mixed-
use, low rise, high density, it is designed for a population of 47 500 people and will
include a new university together with special economic zones for manufacturing
and research. It will be entirely car-free with residents and workers negotiating the
city using a combination of Personal Rapid Transport and Light Rail Transit sys-
tems. These will be powered from 100 percent renewable energy so will not gener-
ate any CO, or polluting emissions. To achieve this, a large-scale, concentrated
solar power plant will be constructed on the outskirts of the city.

Masdar is the embodiment of Abu Dhabi’s quest to create a new non-oil based
industry for the country. In addition to MIST University — a collaboration with
MIT — practical research and manufacturing will take place in the city. Fully
equipped, air conditioned labs capable of carrying out the highest levels of scien-
tific research will sit alongside high-tech workshops which will manufacture solar
panels to enable a sustainable future for the region.

Collectively, these projects have become a paradigm for the practice,
embodying a number of themes and concerns that are central to the search for
sustainable solutions to life in the 21st century. As buildings are the largest sin-
gle consumer of energy, it is only logical that we combine a source of power —
solar — with the single highest demand for electricity. With increasing innova-
tion, the possibilities for Building Integrated Photovoltaics are only limited by a
designer’s ambitions.

Stefan Behling

Stefan Behling received his Diploma from
the University of Aachen in Germany and
joined Foster + Partners in 1987. A specialist
in ecology, sustainability and energy conser-
vation, he has worked on a number of
_ projects that have pioneered new techniques
| for energy management, including the
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new German Parliament at the Reichstag in Berlin and the Commerzbank
headquarters in Frankfurt. He has also developed a vision for sustainable living
and the wider use of renewable energy in the UK with the Department of Trade
and Industry. At Foster + Partners he leads the research and development of new
sustainable designs and the use of new materials and construction methods. He
has been a professor at the University of Stuttgart since 1995, holding the Chair for
Building Construction, Technology and Design. Since 2004 he has been a senior
partner, a member of the executive board and a member of the design review
board, which ensures design excellence, innovation and sustainability in the
architecture of the practice.
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Chapter 5

The Story of Developing Solar Glass
Facades

Joachim Benemann

Former Industrial Leader in Germany, Berlin/Cologne

In April 1984, I got the job to take care for the solar business at Flachglas AG, a
leading European glass manufacturer and the only supplier of parabolic mirrors
for solar thermal power plants. More than 2.4 million square meters were sup-
plied when in 1990 the oil price was low that solar generated electricity could not
be competitive anymore. We discussed to shut down the solar activities.

Shortly before the final decision was taken by the Board, we received a paper,
written by Strategies Unlimited, a US based consulting company focussed on the
solar business. The paper forecasts an interesting future business in photovoltaics
which was done at that time mostly in Japan and by international oil companies.

We very soon recognized that we were not able to compete big oil companies
or governmental subsidized Japanese concerns with standard photovoltaic
modules. But as a glass company we were deeply involved in the architectural
business, we knew how to build glass facades and glass roofs. Therefore we devel-
oped a strategy to use photovoltaic in buildings.

The first step was to find a building to demonstrate the integration of photo-
voltaics into facade windows and very soon we found an quite interesting
customer called STAWAG, the utility of the city of Aachen located just 100 km
away from our headquarter. We presented our idea and received the order to
install photovoltaic double glass facade elements into an existing office building
which was foreseen for refurbishment.

We had to supply four different sizes of facades elements and because we had
no specific manufacturing line we did it in one of the laboratories of the mother
company. The general technology was based on the production of double glass
noise reduction windows. A transparent and liquid resin was pumped between
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Figure 1. This building demonstrates the perfect integration of photoroltaic window elements.

two glass sheets and then hardened by ultraviolet light. Our little PV team embed-
ded in addition solar cell strings between the glass sheets. A number of problems
had to be solved: where should the connection box be installed and where the
cables? Our engineers developed an ultra flat electrical connection system which
replaced the standard boxes which usually was installed at the rear side of stan-
dard PV modules. We also started a close cooperation with one of the advanced
German aluminium frame maker, called Gartner. This was necessary to find a
technical solution to host the electrical cables of the PV facade elements within the
aluminium standard frames. All this small but important problems were solved
within a nine-month period and in early 1991 we installed the PV fagade elements
at the four floor staircase, of the office building. The job was done within a few
days and the inauguration of the world’s first photovoltaic facade took place
either on the 8th or 9th of May 1991. The ceremony was very short. Only a
few sandwiches were taken by the guests and the champagne were nearly
untouched, because it was raining cats and dogs and therefore this event was for-
gotten very fast.

But the project itself was a great success. Hundreds of architects visited,
within the next months that building and the utility had to hire a specific spe-
cialist to explain this new technology to interested visitors.

This success also convinced our board to invest in a specific production line
which allowed us to manufacture various sizes of double glass PV fagade ele-
ments and early 1993 the Prime Minister of the State of North-Rhine Westphalia
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and later President of Germany Johannes Rau inaugurated the plant at the city of
Gelsenkirchen.

Alarge number of projects followed and were carried out in Germany and other
countries around the globe. Three of the most remarkable were a 10000 square
meter sized roof at a conference building (1 MWp), a facade of the office building of
the Ministry of Economics at Berlin and last not least the most spectacular PV roof
of Europe’s largest railway station also located at Berlin.

But we also had to solve problems such as the capacity loading of the produc-
tion line. Sometimes we had to run the line in three shifts, 24 hours a day, sometimes
we run the line just a few hours a day because of lack of orders.

So we decided to set up an additional production line for standard photo-
voltaic modules and to share the existing infrastructure as well as the person-
nel. To be competitive and to achieve a steady high quality we wanted to
install a fully automated line. Our worldwide search to find a supplier failed
and so we bought equipment from various companies. Some of the machines
were still prototypes and some of them did not meet the acceptance tests and
had to be re-designed which caused several months of delay. But last not least
we started the production of standard sized photovoltaic modules in autumn
2002. It was the first fully automated line in Europe with an annual capacity of
15 MWp.

When we started our photovoltaic activities we had a long term vision: we
should become a PV system supplier, we should deliver engineering for our BIPV
customers as well as fagcade elements and also the electronic inverters. For the
facade elements we needed a high quality cell supplier who was able to deliver a
steady quality and quantity. Shell, the giant oil company, was one of the big
players in the photovoltaic business and we could arrange a cooperation. Shell
was setting up a new plant for solar cell production next door to our plant at
Gelsenkirchen so that we could get the cells on demand.

In respect to the electronic inverters we had already for a long time contact to
a small company called SMA which had developed very innovative machines in
close cooperation with the University of Kassel, Germany. The company was
owned by three young engineers. The company grows steadily but had some
problems to achieve credits from banks because they were very restrictive on cred-
its for the solar business. We offered to acquire 50% of the companies shares which
was accepted and the banks became more flexible because of Flachglas AG finan-
cial reputation. This happened in 1995 and the cooperation was a benefit for both
companies. SMA could grow and we had access to a high quality inverter sup-
plier. The shares were sold back in 2002 and meanwhile SMA has become the
world’s leading company for PV electronics.

Within the last years the photovoltaic integration into buildings (BIPV) was
done by several companies worldwide but it has not become a significant market
segment. The interest on PV was focussed on mass production of standard
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modules for the extremely booming market while Building Integrated PV needs
high qualified engineering and specific sales and marketing activities to conven-
ience architects and investors. But the worldwide discussion on climate and the
growing responsibility for the environment as well as the optical and technical
attractiveness of solar facades will revive this technology.

Joachim Benemann
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Chapter 6

Bringing the Oil Industry into
the Picture

Karl Wolfgang Béer
University of Delaware, Newark DE 19736, USA

When I received from my parents books as a young teenager, they were usually
about nature, science, and technology. One of them caught my attention “Du und
die Natur”, and it had a chapter about solar energy. It stayed with me for decades
to come. It became clear to me that in order to harvest the sun’s energy, one needs
to understand much more about how sunlight can be changed into “something
useful,” beyond just heating. I had early in my teenage years my own chemistry
and electronics laboratory, and I experimented a lot. There were also a few
Se-photocells that gave me an idea. However, I learned that I needed a lot of these
cells to even power one lamp. They had a mere 1% conversion efficiency and
I could not figure out what was done with the rest of 99% of the energy.

Since I was a teenager, I always dreamt that I wanted to become a scientist to
get a better understanding of nature and to help this understanding for the bene-
fit of mankind. I wanted to learn as much as possible to gain this understanding,
and shortly after the war I studied Physics at the Humboldt University of Berlin.
After seven semesters, I received my diploma with summa cum laude. 1 was very
fortunate that, by accident, Professor Frerichs left some CdS at the Physics
Institute that I inherited. These were little yellow crystals, photoconductive, but
not much more was known about them. I a