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Human Society in a Cross Road
- A Perspective of a Scientist -

Nishina Memorial Lecture
(13th December 2008, Japan)
Yuan T. Lee

Academia Sinica, Taiwan

It is a great honor and a great privilege to present a Nishina Memorial Lecture this
afternoon.  Although I am a chemist, my scientific training and my research in the
experimental investigation of atomic and molecular processes have been deeply influenced
by the advancement of modern physics in the 200 century. I was quite aware of the great
contributions made by Dr. Nishina in the advancement of modern physics as well as his
leadership in establishing scientific institutions and in educating young generation of

scientists. I respect him greatly.

When I received the invitation letter from the President of the Nishina Memorial
Foundation, Dr. Toshimitsu Yamazaki, I thought at first that I should give my lecture on
crossed molecular beams studies of dynamics of chemical reactions, which is a subject
closer to the research interests of Dr. Nishina. However, I decided that T should talk about
something which is of great concern to all of us, and picked a title “Human Society in the
Cross Road — a Perspective of a Scientist”. [ will discuss my recent research works in the

symposium organized by Dr. Toshinori Suzuki in RIKEN on December 15.

Before I start my lecture, I want to thank Nishina Memorial Foundation for sponsoring
this lecture and the Japan Academy for the honor of accepting me as an Honorary Member
of the Japan Academy and hosting my extensive visit of various institutions in Japan. 1

would also like to thank all of you for coming here to share some of my thoughts together.
(1) The Development of Human Society on Earth

After the appearance of our ancestor on the heavily forested planet a couple of million
years ago, the development of the human society as a whole, was in harmony with nature.
Mankind was indeed a part of nature, reliant on the sun for the creation of most of what was
needed to survive. Since the population of mankind was small, for a long period of time
their limited activities seemed to have affected neither the biosphere nor the living
environment of mankind to any great extent. Figure 1 shows a painting which was done
more than 200 years ago depicting the livelihood of aboriginal tribe in Taiwan. At that time,



people live almost entirely on biomass created by sunshine.

Once Upon ATime

Mankind used to be
* '-',;_ a part of nature,
reliant on the sun
to fuel the creation
- of most of what was
needed to

Fig. 1

However, the development of mankind took a new turn after the industrial revolution,
which began about two hundred fifty years ago. As mankind learned to transform energy
from one form to another — from chemical, thermal, electrical to mechanical — and invented
various machines that could perform work thousands of times more powerfully, more
precisely and more reliably than could be possibly done with human and animal labor, the
productivity of mankind increased immensely and an unprecedented improvement of living
standards was achieved. The success of mankind on the surface of the earth had been
quite remarkable. But, during this process, mankind became addicted to the use of a large
amount of energy, and since the energy from the biomass created by sunshine no longer
satisfy our need, we began to depend more and more on fossil fuels—coal, natural gas and
petroleum—which were buried under the ground and took millions of years to accumulate.
In USA in 1850, 90% energy depended on wood burning, but 80 years later by 1930, 90%
energy came from the combustion of fossil fuel. Fossil fuels also provided energy and
feed stock needed for the production of various new materials, such as plastics, fertilizer,
synthetic fibers, steel and cement, and regrettably man had drastically changed the intimate
relation between man and the nature. In the picture shown in Figure 2, almost everything

is created by transforming the materials dug out from underground using fossil fuels.

The Industrial Revolution ...




Harmonious relation between man and the biosphere was disrupted, and the important
role played by the sun in the development of mankind or the philosophical view of
Confucius “Man and Nature are but one (K A&—)”, somehow seemed to have been

forgotten.

As we entered the 21* century, we began to realize that the current development
patterns of human society are not sustainable. Problems related to population explosion,
natural resource depletion and the damage done to the living environment have become
quite serious. In a sense, the earth was once regarded as “infinite” or “unlimited” for
mankind, not only because of the resources available, but also due to the ability of the earth
to digest all the waste produced by mankind. However, from the point of view of the
damage done to the ecosystem or the living environment, the earth as a whole should be
considered “limited” and “overdeveloped” at present. For example, carbon dioxide
produced by human activities is far exceeding the capacity of the earth to absorb through
the growth of the forest or coral reefs and other mechanism, and the global warming trend is
threatening the very existence of human being on earth. It is quite ironic that during the
20" century not only are the “developed” countries overdeveloped, so-called “developing”
countries are also overdeveloped. It is unfortunate that so-called “developing” countries
are following in the footsteps of “developed” countries, and marching along the
unsustainable path established by “developed countries” in the past when the earth was still
“unlimited”. Traffic congestions seen in Figure 3 are happening in many so called
“developing countries.”

Fig. 3

It is extremely important for mankind to wake up immediately and accede to the fact
that the human society as a whole is living beyond its means. We must learn to work
together as a community to find new, sustainable ways to re-establish an intimate relation
with biosphere, live in harmony with nature, and to return to a more direct relationship with
the mighty power of the sun.  After all, it was the sun which brought us altogether here on



the surface of the earth.

(2) Dilemma of living in a partially-globalized world

Although we have witnessed the process of the globalization of human society during
the last few decades, the process is only half complete, and because of this, we are suffering
from the consequences. Owing to highly-developed transportation and communication
technologies, our world is relatively shrunken than it once was, and it appears that the
concept of global village is slowly taking root as a number of human activities, most
notably in the economic sphere, become globalized. The spread of disease around the
world is another example. With thousands of airplanes daily crossing oceans and
continents, loaded with people and goods, disease causing bacteria, viruses, and other
microbes certainly will not be confined to specific locations. Similarly, environmental
problems such as the depletion of the ozone layer by chlorofluorocarbons and global
warming trends caused by greenhouse gases are problems that must be addressed on a
global scale. On the other hand, in spite of the increased international collaboration in the
areas of science and technology, high-tech based economic competition is still largely
carried out on a national basis. Currently, in the partially globalized world, it is quite clear
that only those people who are able to stage their activities on a global scale are benefiting
enormously. For that reason it is not surprising that we will have to tackle such problems
as the widening gap between the rich and poor, both among countries and people in a
country, nor that threats to solve problems by military force have not disappeared. These
problems might be avoided if the entire world were to become “one community”.

We should also realize that though the globalization of the world economy is driving
us toward a borderless society, it will not reduce the differences among peoples in various
regions overnight. Establishment of a new, common global culture, together with more
effective ways of communicating among all the peoples, will certainly take time. The
differences among cultural heritages, languages, and religions that make this world so rich
and colorful will not, and should not, be made to disappear. As the world shrinks in
relative terms, and contact between peoples becomes more frequent, whether or not the
difference in civilization are likely to cause an inevitable crash (as suggested by the
well-known scholar Huntington), would seem to be entirely dependent on how well people
around the world learn to communicate and to understand, appreciate, and respect cultural
heritage. To become good citizens of the global village, we need to learn quickly and also
to teach our young people, to take a global view and to respect, appreciate, and understand
the different cultures of different peoples. In this aspect, scientists certainly can lead the

way.



(3) Science and Technology in Society Forum in Kyoto

In the fall of 2004, Mr. Omi, the former Minister of Finance of Japan, organized a very
important annual forum in Kyoto, with the title of “Science and Technology in Society
forum”. More than five hundred leading scientists, business leaders and policy makers
were invited every year from all over the world to discuss problems related to the subject
matter of the forum. The forum aroused great enthusiasm among participants and has
since become a very successful and important annual event. During the past October, in
the fifth 2008 forum was held with more than 600 attendees.

Mr. Omi made two important points when he described the fundamental concept of
this forum in the opening ceremony of the first forum. He mentioned positive and negative
aspects of the rapid progress of science and technology, and noted that the benefits of
science and technology have not yet reached everyone equally, which, as he said, “is really
what symbolizes the lights and shadows of science and technology.” While the negative
aspects must be properly controlled, the positive features of science and technology should
be promoted.

Mr. Omi’s other important point was stated thus: “Today’s problems are global and
can not be solved by any single country or by scientists alone.” He went on saying that
“Boundaries between nations are merely lines on a map; nature makes no such distinctions.
We should think of ourselves as members of humankind, whose very existence will be at
risk if we do not live in accordance with the principles of Mother Nature.” Indeed, as an
astronaut observes the beautiful earth as shown in Figure 4 from the spacecraft, the

astronaut will not find any national boundaries.

Fig. 4



I believe most of us sitting in this room would support this idea without hesitation.
However, if we do not try to answer some other questions related to the fact that the earth is
“limited’ and the world is only “partially globalized”, our efforts to find solutions might
encounter some difficulties. For example, we must also ask, “How many people can the
planet support if we were to extend the living standard of the people in the so called
“developed countries” to everyone on earth?” It is interesting to note that when India
became independent, in response to the question of how the people in that country could
catch up with the living standard of the people in Great Britain, Gandhi, shown in Figure 5,
rightfully recognized that it would take the natural resources of many Planet Earths, if the
people in India were to have the British way of life. It is just impossible.

Fig. 5

If we do not fully appreciate and understand the boundary conditions of the planet of
earth, the rules of the game and the consequences of competition in a globalized
market-driven economy, practicing the so called “good sciences” for the greater good can
still produce miserable losers among us when these “good sciences” are used mainly as a
tool for global economic competition, especially when science and technology are used for
the domination of some countries over others. Scientists as a whole should take full
responsibility to ensure that science and technology bring benefits to everyone equally. If
we are not careful, we might predict that even if science and technology were to advance in
faster pace along with the excellent material comforts and improvement in healthcare, the
continuing population explosion and excessive usage of natural resources might overload
the planet of earth, and the sustainable development might not be possible.

(4) Issues on Energy and Environment

One of the most urgent problems man faces today is the problem related to the
relationship between energy and the environment, especially global warming trends caused
by the emission of greenhouse gases, and the energy crises caused by the widening gap

between the limited supply and rapidly growing demand for petroleum and other fossil



fuels. The other problem, which menaces to wipe out large portions of humanity in a short
time, is the spread of infectious diseases, like those caused by virus HsNj.

It is comforting to know that, at present, energy received by the surface of the earth in
one hour is approximately equal to the total energy consumption of the entire world in a
year. In other worlds, the amount of energy the surface of the earth received is
approximately ten thousand times the energy consumed by the human society. It means
that if we were to be clever enough, we can depend entirely on solar energy. For example,
if an inexpensive practical photovoltaic cell, which converts 10% of solar energy to
electricity becomes available it will only take 1% of planet’s land area to generate enough
electric energy to satisfy the energy needs of the entire world. If the electrical energy
generated by a photovoltaic cell could be effectively stored or used to electrolyze water into
hydrogen and oxygen—or to even more directly dissociate water by using a combination of
photovoltaic cells—it is not inconceivable that countries with large land masses could
become energy exporting countries, nor that hydrogen gas might then become a major
energy source as we enter the age of the “hydrogen economy”. If we learn to develop
biofuel more efficiently or to invent efficient “artificial leaf”, the photosynthesis might
provide enough biomass on earth to satisfy the need of liquid fuel and other chemical feed

stocks now provided by petroleum.

To make it possible for the world to achieve sustainable development, we must do the

following things to reduce our dependence on fossil fuel.

(A) Increase of our energy efficiency, and improve the recyclable usage of materials.

(B)  Develop efficient renewable energy sources, e.g. photovoltaic cells, wind power
generators, utilization of geothermal, ocean current and thermal energy conversion,
and various biofuels.

(C)  Develop new generation of safe nuclear reactors and appropriate waste disposal
technology and fusion reactors.

(D) Examine our population policies and the way of life. We need to learn to live
simpler and frugal life.

(E)  Protect our living environment and ecosystems and maintain biodiversity.

Although our current scientific knowledge and technology enables us to get it started,
there are many challenging scientific problems awaiting a solution. For example, in
photosynthetic processes, most of the solar energy is stored in fiber of the plants rather than
carbohydrates. Although the production of alcohol from sugar cane or com has been

effective and successful, the challenge lies in the effective production of alcohol from fiber



through hydrolysis and fermentation. For harvesting energy from geothermal, ocean flow

and thermal energy conversion, new engineering technologies need to be developed.

With concerted efforts, which include the development of various renewable energies,
the change of the way of life and the social structure, forty to fifty years from now, we could
become largely free from the use of fossil fuels. We will be again like our ancestors
directly reliant on the power of the sun; perhaps supplemented by new generation of nuclear

fission reactors or micro suns, in the form of fusion reactors.

But during the transition period of the next 30 years, especially before the fusion
reactor becomes successful, while nuclear fission reactors still play a role, we probably will
continue to depend on coal to a great extent, and the sequestering of CO, will remain to be a

problem in need of a solution.

In recent years, the long neglected development of vaccine for infectious disease is
finally picking up some momentum with international efforts. The race lies between the
perfection of HsN; vaccine and the mutation of HsN; virus which initiate the transmission
from people to people. More research works need to be carried out in this area. However,
we do have to pay attention to the fact that in the past the fund which has been spent for
medical research globally has only been targeted to problems related to 10% of the
population. It is quite obvious that if we do not pay more attention to the deteriorating
situation in developing countries, there is no way that we can combat infectious decease
effectively.

(5) Sharing of Scientific Knowledge and Technologies in a Globalized World

For centuries, the scientific knowledge accumulated by mankind has been shared quite
freely among scientists. Scientists generally still believe firmly that the knowledge
accumulated through their efforts should be shared by all — as advocated by Francis Bacon
long time ago. Early last century, when Madame Curie, shown in Figure 6, was asked
why she didn’t apply for patents on her discoveries (after all, if she had done so, she would
have been as wealthy as Thomas Edison at that time), her reply was quite simple. She did
not want to take that advantage because she believed that scientific knowledge should
belong to all mankind. In fact, it was her idealistic way of life which attracted me so much
that 1 decided to become a scientist when I was young. In a modern society, however,
when scientific knowledge is further developed, transformed into technology and put to use
in society, it becomes the basis for economic competition. Protection of patents and
intellectual property rights has become a very important issue, and the sharing of



knowledge now stops at basic scientific knowledge and so called “pre-competitive”
technology. Competitive technology is not freely shared. However, the gap, or time lag
between scientific discovery and technology in the marketplace has become shorter and
shorter. Now, in certain areas of scientific investigation, it is no longer possible to make

clear distinction between basic research and associated competitive technology.

Fig. 6

As the relationship between science and technology has become closer, the dilemma
of “to share or not to share” has become an important issue — not only for application of
technologies, but also for the basic scientific discoveries themselves. It certainly does not
seem fair if some countries produce most of the public scientific knowledge, while others
mainly dedicate themselves to protected, mission-oriented technological development to
gain economic competitiveness. Certainly, in a market-driven economy, free and open
economic competition and adequate protection of intellectual property rights are deemed to
be necessary for development. Yet, we must ask seriously, in a highly globalized world,
whether we can find a new and better way to allow both the creation and sharing of
knowledge as well as technology to be carried out in a more orderly fashion for the
promotion of sustainable development of the entire world. Strong global public support for
the advancement of science and for the development of technology, and shortening the
patent protection period, might move along in that direction. In recent years, in the field of
high energy physics and astronomy, scientists share their knowledge quite freely and have
been more willing to help each other across national boundaries. On the other hand, in the
field of biomedical areas, scientists tend to protect their intellectual property rights more
tightly. Whether this is due to the fact that high energy physics and astronomy are mainly
supported by public funds while the profit-making pharmaceutical industries dominate

certain areas of biological research is worth studying in detail.

(6) Concluding Remarks



Many of the problems we face today are problems that cannot be solved with current
scientific knowledge and technologies — they await the accumulation of new knowledge
and the development of new technologies. That is why it is so important to continue our
efforts for the advancement of science and technology, and for the education of a new

generation of creative scientists.

During the long history of mankind, our ancestors invented various technologies in
order to survive better or to improve the quality of life. Their curiosity and their desire to
understand the natural phenomena were the basis of the advancement of science. Until
about one hundred years ago, the advancement of science was driven by the available
technology; only during the last century have technological advances been led by the results
of scientific research.

In recent years, we have observed encouraging improvement in the international
scientific collaboration. Many projects were initiated, many agreements were signed. Year
after year, we have discussed the “capacity building” of science, technology and education
for developing countries, but the worsening situation of the entire world has yet to find its
turning point. For example, the rain forest which is often compared with the lung of a
human body is continuing to disappear from the surface of the earth. For the past decade,
every summer we witnessed the thick dark smog generated by the forest fire in Indonesia
contaminated not only the air in Indonesia, but also their neighboring countries. It is not
realistic to blame or to expect Indonesia to be able to keep their rain forest from
disappearing. Unless we consider the protection of the rain forest in Indonesia is “our
responsibility”, and raise enough funds to help Indonesia to establish a protected “global
rain forest”, no matter how serious we engage in the international scientific collaboration,

the rain forest will continue to disappear.

We should all recognize the fact that the increasingly interconnected world cannot be a
safe place if a large portion of its population still suffers from grinding poverty, disease
stricken, illiteracy, derived of education, unemployment, and other barriers to survival.
Scientists can play key roles in finding the solutions to these problems. Especially, if we
learn to solve problems together, learn to share knowledge, new technological options and
the limited resources available, learn to respect and understand different cultural heritages,
then it will be possible to realize the establishment of a genuine global village that enables

sustainable development for all.

In order for science and technology to solve the problems man faces in the 21 century,

it is not enough to advance science and technology at a faster pace. The advancement of

10



science and technology certainly will solve many problems we are facing today and will
also shape the development of human society of the future. However, unless we pay special
attention to the roles play by science and technology in this “finite” and “half-globalized”
world, and learn to work together beyond the national boundaries, and pay more attention to
our “global competitiveness” for solving problems of the entire world, rather than continue
to worry about “national competitiveness” for their own countries, the serious problems

related to the sustainable development will not be solved.

At present, the entire world consists of more than one hundred nation-states. One of
the duties of the government of a nation-state is to collect the tax from their citizen and
business to solve their problems and redistribute the wealth. As the world became more and
more globalized, it became obvious that there is a need to have some sort of a “global
government” which can resolve the conflict between the interests of nation- states, and the
interest of the entire world.

The best way to work together beyond national boundaries is to make national
boundaries to disappear all together. Although it might take a long time, our future certainly
will depend on how soon all of us in different countries learn to operate as “one
community” for the entire world, and we do not have much time to waste. Perhaps, the
European Union is a step toward that direction, and half way through the 21% Century, the
formation of the “Global Union of the Planet of Earth” might become a reality, then the
sustainable development of the entire world might become possible. Otherwise, the solar
system might send the farewell message to mankind on earth in not too distant future.
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