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According to the Lisbon declaration from 2000 the goal of European Union is to be-
come by 2010 the most competitive and dynamic knowledge-driven economy and by
2025 a sustainable knowledge society. The EU however faces some strong chal-
lenges on the road toward these goals and is evidently lagging behind both USA
and Japan. Our analysis is based on six dimensions of these challenges, including
the economic challenge, the demographic challenge, the scientific challenge, the
challenge of higher education, the challenge of European governance and iden-
tity/system of values, and the environmental/ecotechnological challenge. We argue
that if we are to provide a sustainable secure environment and prosperity for next
generations, we have to act now at least with developments in particular in the di-
rection of clean, cheap, and renewable energy sources with an emphasis on basic,
curiosity driven research which through scientific breakthroughs, is the only realis-
tic solution to solving world’s energy requirements. Such an action could for exam-
ple facilitate the transition from fossil fuels to solar power in a relatively short time
of about two decades, and help EU achieve its declared sustainability targets.
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Introduction

An assessment in 2005 showed that the average gross domestic product (GDP) per ca-
pita in the EU-15 is still 27% below that of the USA and that EU productivity is lagging [1]. In
2007, GDP per capita in EU was estimated to 32,300 USD, while US had 45,800 USD [2]. Also,
US labour productivity has been growing one percent faster than that of the EU-15 between
1995 and 2005. The EU goal is to reach by 2010 gross expenditure for R&D (GERD) of 3% of
its GDP, two thirds coming from private sources. In 2003 GERD in EU-15 reached 1.97%, com-
pared with 2.6% for the USA and 3.15% for Japan. While China spent 1.3%, Italy, Spain,
Greece, and Turkey spent 1.14%, 1.05%, 0.62%, and 0.64%, respectively. GERD of Poland and
Slovakia even declined since 1999. The private sector in EU accounts for 54% of GERD com-
pared with 63% in the USA. However, though Sweden achieved a high GERD of 4.27% GDP,
that percentage drastically fell in 2005 when some companies outsourced — private sector contri-
bution being 72%. The difference in investment for R&D between EU and other developed
countries is even more drastic: EU invested in 2007 only 490 USD per capita per year, adjusted
for purchasing power parity (PPP), while US invested 1130 USD and Japan 1090 USD [3]. Low
business R&D spending in EU is reflected in low innovation: US for example filed 54 so-called
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triad patents (registered simultaneously in Europe, the US and Japan) per million of population
in 2003, while the EU filed only 22 [1].

Knowledge can systematically improve the economic and social development in Eu-
rope. The EU is attempting to increase the percentage of people with university degrees (cur-
rently EU has 21% of working population with tertiary degree vs. 38% in the USA and 36% in
Japan, gross enrollment being 52% in Europe, 81% in the USA, and 82% in Republic of Korea),
and by establishing European Research Council and European Institute of Technology.

As EU lags behind US and Japan economically, invests less in R&D and has a less ed-
ucated population, it is difficult to see, how it could reach the Lisbon Agenda target to become
“the most competitive and dynamic knowledge-driven economy by 2010 and achieve a sus-
tainable future. Here sustainable future is viewed in terms of the Brundtland Commission defini-
tion as development that “meets the needs of the present without compromising the ability of fu-
ture generations to meet their own needs”. In this paper we analyze some common sense ideas,
whether they can lead toward a sustainable future.

Six dimensions of sustainability challenges

We selected the six-dimensional model of analysis based on the need for a comprehen-
sive overview of the most important challenges, which are endangering the European sustain-
able future.

Here the economic challenge is obvious: EU economy lags behind US in purchasing
power parity GDP per capita, and EU invests a smaller percentage of GDP in R&D. Conse-
quently, the economic growth in EU is slower than in the US and EU is therefore increasing the
gap. Instead of becoming the most competitive and dynamic knowledge-driven economy, EU is
falling further behind the US in spite of the Lisbon strategy.

The demographic challenge of the aging EU population is particularly difficult for the
rigid pension and social security systems of most of the EU states. Aging population on one
hand for example requires more investment in health care, and lack of young people on the other
hand is putting stress on public finances of the welfare states.

The scientific challenge of EU is caused by low investments in R&D, which stimulate
brain drain of the best young scientists. EU is lagging behind US both in quality of research as
shown by Nobel prizes as well as in innovativeness as shown in the number of patents. In this
way EU is depriving itself of a potential for a vibrant scientific community, which could solve
many challenges of sustainability.

The challenge of higher education is reflected in the low percentage of enrolment in
higher education and population with a tertiary degree as compared not only to US, but also to
Japan and Republic of Korea. This deficiency further reduces the potential of EU to become a
vibrant competitive and dynamic knowledge-driven economy.

The challenge of European governance and identity/system of values is for instance
reflected in the inability of EU to resolve its internal organizational problems after the Treaty of
Nice. Both the proposed European constitution and the Lisbon treaty have been rejected by vot-
ers in referendums in France, the Netherlands, and Ireland, in spite of almost unanimous support
of the political elites.

The environmental and ecotechnological challenge in EU is represented by the lack of
economically viable technologies, which could replace the fossil fuels. In 2003 EU consumed
74 EJ of energy, which is 17% of the world’s total energy consumption. Share of fossil fuels in
total energy production is 80%, namely 43% from oil, 24% from natural gas, and 13% from coal.
From nuclear power 14% is obtained, 4% from hydroelectric, and only 2% from other renew-
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able sources, mostly from wind with 34 GW of installed capacity in 2004 [4]. EU has a target for

2020 to increase the renewable energy to at least 20%.

In order to achieve this target in a cost effective way, EU will have to significantly im-
prove the energy technologies. This target is also closely related to other challenges, as one
needs strong economy to build renewable power plants, scientific and technological knowledge
to develop better technologies, and educated workforce to change the plans in reality. Good
governance and change in value systems are also important in order to reduce potentially nega-
tive impacts on this huge transition toward renewable energy, which can also be endangered by
financial consequences of aging.

While all these dimensions are critically important for a successful transition toward
renewable energy, such a transition would also benefit each of these dimensions:

— the EU economy would clearly benefit from leadership in energy technologies; export of
knowledge could become a significant source of income and thus contribute to economic
growth,

— while aging population represents a danger to public finances, it also serves as a pool of
knowledge, which could significantly contribute toward the development of energy
technologies, and in this way awaken the dormant resources of experience, which might
otherwise not be productively exploited,

— progress in energy technologies could create more public excitement for science, and thus
bring more bright young people among scientists, which would in turn create a new cycle
with even more scientific achievements and technological breakthroughs,

— excitement of new technological achievements would bring more young people into
education, in particular in the fields of natural sciences and technologies, and

— in addition, concrete achievements and European leadership in energy technologies would
improve self esteem of Europeans and thus help in establishment of emerging value systems
of European identity, which would create additional demand for good governance on public
administration.

Development of new energy technologies therefore plays a central role in efforts to
transform EU into a vibrant sustainable society.

Future of renewable energy technologies

Europe has already demonstrated its abilities to develop renewable energy sources.
While hydroelectric energy is rather well developed, the wind energy is also getting increas-
ingly important. Also the energy from biomass, geothermal, and solar thermal power is accord-
ing the European Commission already economically viable and competitive [5]. Heat pumps [6]
and agricultural residues [7] can also contribute cost effective energy in sustainable energy sys-
tems. A comprehensive review of natural energy sources [8] demonstrates that it is in principle
possible to satisfy global energy needs from renewable sources, and renewable energy potential
could satisfy energy needs also locally even in less developed regions such as Western Balkan
[9], both under the condition that cost effective renewable energy technologies are developed.
In addition to these technological developments in renewable energy, the European Commis-
sion’s white paper for a community strategy established a series of measures to support the
growth of renewable energy applications. Share of renewable energy of 9% is expected in 2010
with further growth above 20% by 2020.

The European Commission also expects that photovoltaics will become economically
viable with increased production, which will improve the economy of scale. Therefore we de-
cided to analyse the future of this technology in more details as an example, which might pro-
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vide a technological breakthrough necessary for the transition from fossil fuels to clean renew-
able energy technologies.

Solar energy

Europe is not self-sufficient in energy sources and heavily depends on the import of
fossil fuels. The development of nuclear energy and renewable energy resources is thus a neces-
sity both for economic independence as well as to release the burden of CO, emissions on the
environment.

Solar energy has the potential to meet the energy needs of the whole world. It is clean
and inexhaustible. The problem is however its high price as compared to fossil fuels. In Germany,
Spain, Italy, and Portugal the building of solar power plants is very intensive. The price of a solar
kWh in Germany, guaranteed by the state for 20 years, is 54 cents. In Spain the price is 44 cents
guaranteed for 25 years, in Italy it is between 36 to 49 cents per kWh guaranteed for 20 years and
in Slovenia it was 37 cents per kWh in 2007. While these prices of electricity are justified by the
price of solar panels of 3.6-5 € per watt, new solar technologies are very promising, in particular
thin film photovoltaics, such as those based on printable semiconductor techniques. An example
of such solar panels are the copper-indium-gallium-selenide (CIGS) as developed for example by
Nanosolar. Here the price of the solar panel is expected to be about 0.6 € per watt, which is about
6-8 times lower than for classical solar panels. The production price is estimated to 0.36 $ per watt
and the selling price to 0.99 $ per watt, so that solar electricity can be delivered in places with high
insolation at 0.05 $ per kWh, which is competitive to the electricity from fossil fuels [10]. Even in
Central Europe with about 700 hours of insolation per year and an estimated 25 year lifetime of the
solar panel, electricity from such a panel can be produced cheaper than the current market price of
electricity, which is about 0.1 €. While it is relatively simple to use solar panels for production of
electricity and heat, wider spread of its applications in transports is not so simple due to logistical
challenges. In order to deliver solar electricity to vehicles, they would either need an accumulator
to store energy or fuel cells and either a reformer to produce hydrogen or a hydrogen tank. While
the first two technologies are not yet economically viable, transition to hydrogen as transportation
fuel would require massive investments in infrastructure. There is however an alternative solution:
in Torrance, Cal., USA, a hydrogen refueling station has been built, which gets hydrogen from
CIGS-based solar panels [11]. In this way hydrogen for fuel cell vehicles can be obtained locally
and there is no need for an expensive infrastructure. The energy from hydrogen obtained in such a
way is already cheaper than the one from oil at prices above 120 $ per barrel. Namely, one litre of
oil at 0.75 $ contains about 11 kWh of energy, which can be produced from solar panels at 0.55 $
and the fuel cell is also much more efficient than oil driven internal combustion engine. The prob-
lem is however, that the price of energy is calculated from a 25-year lease of the solar panels,
which brings additional dangers. The panel might not work for 25 years, and the price of other en-
ergy sources might drop significantly within these 25 years, so that investments in solar energy are
associated with high risk.

However, the production price of electricity from CIGS-based solar panels is still sig-
nificantly higher than the production price of oil, which varies from less than 1 $ per barrel to
about 40 $ per barrel obtained by upgrading the crude bitumen to synthetic crude-oil [12].
Therefore further breakthroughs in solar technology are needed in order to make it an economi-
cally viable alternative to fossil fuels.

For a realistic yield of solar photovoltaic panels of 14% we need about 7 m? for a kilo-
watt of solar electricity. This was the highest yield achieved with CIGS-based solar panels in
2006, it increased to 19.8% in 2008, and could be further increased to 30% by using optics to
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concentrate the incident light [13]. If we would for example wish to replace the nuclear power
plant at Krsko, Slovenia, with solar energy, about 0.2% of the surface of Slovenia would have to
be covered by solar panels. If we wanted to replace the complete final energy consumption in
EU-27 with solar energy, one would need to cover about 2% of land area with solar panels as-
suming 1000 hours of annual insolation and 14% yield. Since some energy in Europe is already
obtained from non-fossil fuels, with further improved yield the percentage of land area needed
to replace all the fossil fuel based energy could be reduced below 1% of EU-27 land area.

Another possibility to use solar power is solar thermal power. Here the electricity is
obtained from steam heated by the solar collector [ 14], and a similar price as in CIGS-based so-
lar panels can be expected.

Still another possibility to use solar power is a chemical reaction similar to photosyn-
thesis, where water could be split into oxygen and hydrogen in the presence of a catalyst using
the energy from the Sun. An example of such a catalytic reaction has been presented recently by
Kanan et al. [15], however this idea still seems to be relatively far from the economically viable
technological applications.

The potential for thin film solar photovoltaics has been estimated by Prometheus
Institute to grow from 1 GW in 2008 to over 9 GW by 2012 [16]. By 2012 also fast growth of
solar thermal power is expected, so that more than 3 GW capacity would be installed annu-
ally. While the current production price is estimated to be between 1 and 4 § per watt [16], it
is expected to fall below 1 § per watt already in 2009 and by 2012 to become competitive for
grid electricity production. Such a fast decrease in production price will foster fast growth,
so that by 2012 the thin film photovoltaics are expected to take 28% of the photovoltaics
market [16]. If this estimated annual increase in production of thin film photovoltaics by
over 70% annually continues, it could fulfill the major part of human energy needs in less
than 20 years. As the current growth rate is mainly fueled by the difference between the mar-
ket price of oil and the production price of thin film photovoltaics, the situation could
change if the raw materials for thin film photovoltaics were exhausted. Fortunately, differ-
ent types of thin film photovoltaics exist today, based either on CIGS, cadmium telluride, or
silicon. Also, new technologies with similar characteristics are being developed, and further
investment in science and technology of photovoltaics can assist in sustaining fast growth of
this technology.

From this analysis it is obvious that a relatively fast transition from fossil fuels to solar
power is possible even with today’s technology, so that the use of fossil fuels could be reduced
by an order of magnitude in less than 20 years. Further advances in technology can even increase
the rapid pace of this transition. In this process Europe as the world biggest economy has a tre-
mendous potential to play a leading role in research and development of new clean energy
sources, and in particular in solar power technologies. Such an active role of European science
and technology would have a beneficial effect on all the described challenges to European
sustainability, and has thus the potential to put EU back on track toward the Lisbon strategy tar-
gets to become first the most competitive and dynamic knowledge-driven economy and then by
2025 also a sustainable knowledge society. A coordinated research effort similar to ITER
project [17] could significantly accelerate this transition from fossil fuels to clean energy.

We must however also emphasize that breakthroughs in science can not be predicted.
It is therefore always necessary to stimulate also curiosity driven research. If for example at the
end of 19" century all scientists were involved in applied research only, we would have today no
quantum physics and relativity, and consequently no microelectronics and modern information
and communication technologies. This would significantly reduce the quality of our lives today.
Therefore it is important to understand that investments in promising fields of science and tech-
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nology like the thin film photovoltaics should not come at the expense of investments in the ba-
sic curiosity driven research.

Conclusions

Energy problems of the world and of Europe in particular are urgent and linked to at
least some extent to all the described challenges of EU. While these problems demand fast solu-
tions, most of the present renewable energy technologies take however about 5 to 10 years to be
built and integrated into the country’s energy system, even those using already proven technolo-
gies. In parallel with these endeavors, and there need be a variety of them used in almost all Eu-
ropean countries, there should therefore also be an emphasis on basic, curiosity driven research
which through scientific breakthroughs, is the only realistic solution to solving European and
world’s energy requirements. In this way it might be possible to overcome the challenges de-
scribed in this paper, and transform the European energy consumption from fossil fuels to pre-
dominantly clean renewable energy in less than 20 years, and during this process also assist in
bringing Europe back on track toward the sustainable knowledge society.
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