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In the development of nuclear technology the aim has been to increase capacity and
size of nuclear reactors. In this way we may have overlooked good solutions to use
nuclear energy as a source for electricity and heating. This paper is an attempt to
provide information about relevant developments in science and technology and the
consequences of deregulation, market driven economies and the digitalization of our
societies.

The Generation IV nuclear reactor initiative of the US Department of Energy is also
advising that we have to reconsider all options available to come with nuclear reactor
designs that meet criteria which can guarantee Public Acceptance. These new
designs are required in the near future.

There are concerns that the global development can not continue in the present way.
The increase of the global population, decrease of drinking water-supply and food
production per head of the global population may be heading for one of the greatest
conflicts we have seen in history of our planet. It is our obligation to do everything to
alter this direction. To change this direction large and easy accessible amounts of
energy will be needed and have to be made available as i.e. Electricity and Heat.
These can create the conditions for economic growth in all places on earth. It is also
mandatory to increase life standard in the poor countries so that everyone can
benefit of the opportunities that science and technology can make available for life on
earth today. Proper new nuclear reactor concepts will have to be designed or re-
invented; in this paper also the developments in one of the concepts are presented.

Studies of leading institutes and companies indicate that to develop a better world for
everyone, and that is achievable, we will have to start up for the coming fifty (50)
years one new 500 MWe electric power station each day to meet the requirements
for global electrification. For a humane world in 2050 we will need about 10.000 GW
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of installed electricity generation capacity. If we want prosperity for everyone on earth
and also a clean and sustainable global environment, we can conclude that at this
moment nuclear energy is a good and reliable option to fulfill this enormous task.

A new direction in thinking is, that future Nuclear Power Plants have to be inherently
safe. The recent Generation IV publication of the DOE, http://gen-iv.ne.doe.gov/ ,
can be used as a good guideline in which direction we will have to proceed with
nuclear reactor concepts. Nuclear energy converted into electricity and heat in
inherently safe nuclear reactors. Will that be possible or will it stay a fiction forever?
Do we need Inherently Safe as the standard for future reactor designs?
We know that there are concepts, such as for instance the High Temperature
Gascooled Reactors, that could meet the safety requirements.

Is the conclusion correct that the Publicly Accepted Reactor has to be a Generation
IV reactor as defined by the Department of Energy of the USA with the
characteristics: Inherently Safe and Simple, Modular and Standardized and not to
forget Economic Attractive? In figure 1 an impression is given where in the world
R&D work is being performed in HTGR reactor concepts. Since most of the research
is focused on the High Temperature Gascooled Reactor with the Gasturbine (Direct
Cycle) it seems to be appropriate to try to combine all efforts in the world and speed
up the realization of this concept to help in solving the problem with the future global
energy demand.

The aim of this paper is to bring the Pebble Bed Modular Reactor (PBMR) and a few
interesting Light Water Passive nuclear reactor designs under your attention. The
PBMR is under further development in South Africa and Asia. The philosophy behind
the PBMR concept has been to develop a nuclear reactor which is so safe that it
could be called inherently safe. Its concept is so completely different, see figure 2,
that it can easily pass strictest safety regulations. Consequently it is a good
Generation IV candidate.

Good promotion of the gas-turbine direct cycle PBMR design is a main task to the
nuclear technology and industry and could be the challenge that the young
generation needs to consider a career in nuclear technology.

Introduction

In the modern societies there are some main concerns about the developments and
often the question is asked if we are in the right direction at the dawn of absorbing
new technologies and prepare ourselves for the changes in major industries in our
societies for the new Global Economy. A good example of the danger of the present
situation in the world was shown on the 6th United Nations conference on Climate
Change which was held in November 2000 in The Hague in The Netherlands.
Thousands of specialists of all over the World came together to discuss the reduction
in greenhouse gas emission; it seems that this conference overlooked the real
problem in the world which is Poverty. It will be very difficult to solve any
environmental problem if we can not face the fact that we have to solve the problem
of poverty first; to do this we need fast quantities of energy.
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Failures of these crucial conferences, which deal with global issues, are a real threat
to stability in the world. The Global climate change is an environmental issue and
should not be converted in a battle between politicians. It is also sad to see that
interest groups do not understand the problem and use these conferences for their
publicity. There was a strong propaganda against the use of Coal and Nuclear
Energy by known, so-called environmental groups.

It is important to the nuclear industry to realize that it should not use the CO2 issue as
a problem to promote nuclear energy. Let the real and honest environmental groups
do that work and inform the public what is good for a humane global society.

We have to provide the global society safe, reliable and cheap solutions for electricity
and heat. That is the main mission for present and future nuclear technology.

Public Acceptance and Safe Nuclear Energy

In providing information towards the society the nuclear industry has done a poor job.
However, it is not only the responsibility of the nuclear industry to fulfill this mission.
What about the politicians, media, environmental groups and many others who daily
have to work for a better world for everyone on this planet. Do we meet our ethical
responsibility in the job we do every day? A former German chancellor Mr. Helmut
Schmidt did frame the threat we face in very clear words: Shallowness, Sensation
and Violence. The three words which are a threat to our modern societies.

It has to be made clear to the society that not nuclear energy is dangerous but
sometimes chosen technologies, in combination with significant human errors, have
created catastrophic accidents. Nobody addressed this issue so far in a proper way
and it is essential that we understand this. This basic principle in converting
technology in economic solutions shall not be overlooked by the total scientific- and
industrial world, the media, politicians and the public.

As is shown in figure 2, at least two different directions of the development of
technology in nuclear reactor designs can be seen and how nuclear energy has been
used till today to generate electricity. The two main philosophies in the designs in the
figure could be given the names "stationary fuel inventory" (1) reactors and
"continuous fuel loading" (2) reactors.

In the past the stationary fuel inventory reactors were in favor and that technology
was selected to develop nuclear reactors for electricity production. The best known
are the light water reactors (LWR). These reactors are very safe and can meet all
safety standards that are being used as guidelines for designing, building and
operating nuclear reactors in a safe way. However, it will be rather difficult to make
these reactors inherently safe.
It has to be mentioned that after the Chernobyl accident, leading nuclear reactor
designers have made a major effort to develop better plants, the so-called passive
plants of which the Boiling Water Reactor SBWR600 and the Pressurized Water
Reactor the AP600 are the best known; in figure 3 the evolution towards the
SBWR600 is shown. These passive plants are in the range of 600 MWe and are
probably the nuclear plants which will be needed in the deregulated global energy
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market. Although not inherently safe, these reactors have an extreme safety margin
as a result of the passive systems which have been introduced in the designs. The
efforts that the total industry did put in the "Passive Plants" to enhance safety did not
receive the proper recognition in the public. May be the names "Natural Principles
Plant" and "Natural Safety Systems" are simpler and easier for our imagination and
public acceptance. Very attractive are the natural circulation reactor design and the
passive safety features of the SBWR600. Natural circulation boiling water reactors
have a history of high reliability and availability. The GKN Dodewaard nuclear power
station has proven the performance of this design. For the economics of the
SBWR600 design it could be worth looking to the GKN Dodewaard plant-design
concept instead of using most of the technology used in the Generation III boiling
water reactors.

The continuous fuel loading reactor design could be made inherently safe and we
have to show this to the public. We have to convince the public that we are using
very different and state of art technologies to make nuclear energy better and safer to
contribute in building a better global society.

It will also be very important to inform our societies of the progress in transmutation
of actinides. The nuclear world has informed the public in such a way, that the public
now wants two answers: inherently safe nuclear reactors and an answer on high
radioactive waste.

Environment and Nuclear Energy

It is sad to realize that the environmental groups have systematically worked against
the development of new technology for new and better nuclear reactors.

On the pre-conference to the 6th UN Climate Conference organized by the NCDO, a
Dutch foundation for sustainable energy, the environmental group WISE did try to
convince a small audience that nuclear energy was becoming history.
The arguments which were used by WISE on the NCDO Climate podium were:

• Nuclear Energy is in a death struggle with as examples:
Germany stopped with the Nuclear Energy program.
(The green movement does not realize that Germany has 40.000 MWe excess
Power Generation capacity at the moment).
Taiwan stopped the construction of the last plant. (Construction started again).
USA no new nuclear plants are planned to be built in the future.
(The green movement is not aware of the life-extension programs for all nuclear
reactors and the Generation IV program of the US Department of Energy).
China was not mentioned in their presentation .
(The real growth in nuclear energy at the moment is in China).
Japan: The fuel processing accident was mentioned as the danger on nuclear
energy. (This incident did not happen in a nuclear reactor).
• Limited Nuclear Fuel: The image was created that their is not enough nuclear
fuel to see it as an option for the future. (Nobody could give an answer on the
question if the Thorium Fuel Cycle was a solution).
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• No Inherent Safe Reactors: According to WISE, there are no inherent safe
reactors. (A remark was made that there are inherent safe reactor designs and
that WISE is misinforming the Public).
• Huge Power Plants: Nuclear plants are huge and are capital intensive.
This is hypocrisy of WISE; by stating this and publishing confusing information
about the small and modular High Temperature Gascooled Reactor on their
Internet Website, WISE is not creating a credible position for itself. In their
information on Internet: http://www.antenna.nl/wise/481/4774.html, they announce
that the new nuclear lobby is promoting the High Temperature Reactor as an
option to solve the CO2 problem.
The information is very misleading, not rational and has no scientific value.
• Very expensive: WISE believes that their are only expensive nuclear plants.
The Generation IV report suggests to make the future nuclear plants standard
designs and modular. This has always, in all industries, resulted in good technical
and economical solutions.

One can now conclude that in the past the environmental groups have, by their
opposition against the nuclear industry, made the nuclear industry their victim;
unfortunately they now have become the victim of the nuclear industry.
The life extension program for nuclear plants as has started in the USA was probably
not foreseen by these groups. By selling the nuclear plants as cheap assets to new
companies, giving the new owners a license for life extension programs and a new
policy of the NRC, the nuclear power stations have become the cheapest power
producers in the USA. In Germany with an over-capacity of more than 40.000 MWe,
new nuclear technology can not be expected as an option for a long time to come.

The sad result of the policy of the environmental groups is, that for a long period one
does not have to expect incentives to improves nuclear technology in the western
world. If nuclear energy could have contributed to a better environment, everyone
can now see what the environmental groups have achieved for the world. The only
developed country that is not really involved in CO2 reduction programs is France.

The sad part for the nuclear industry is that the change in policy in the US, the
leading nation in the use of nuclear energy, to extend the life-span of the present
nuclear reactors and the deregulation process in Europe are facts that the young
generation is not interested in a career in this high quality industry.

Generation IV Nuclear reactors

The US Department of Energy has released information on the requirements for the
Generation IV nuclear reactors. The criteria are really good but is it sufficient to only
look at these requirements. It is of equivalent importance to focus on the effects of
deregulation, market-driven requirements, distributed generation and co-generation.
New technology such as the Fuel Cell shall not be overlooked in the development of
new nuclear reactor concepts for the future.

The efforts in the nuclear industry have to be intensified and to come with good
solutions for the fast growing electricity markets and on very short terms. Studies
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such as the EPRI Electricity Technology Roadmap indicate a substantial demand for
electricity if we want an evolution to a sustainable society.

Deregulation

The deregulation will have a major impact on nuclear energy and this process must
be taken very serious as the market forces will determine the future solutions for
power generation. It is evident that in the future nobody would want to pay the costs
for the grid; the reliability of the grid will be at stake. Since present nuclear reactor
designs can only survive at the mercy of strong high voltage power grids, the
problem for the future nuclear energy is very clear. Large nuclear power plant will
only be used in huge industry centers or regions. The market forces will demand that
the nuclear industry looks again into smaller nuclear reactors.

Technology

The impact of the micro chip in the total industry is substantial. New technology is
developing a new power generation world and a trend to smaller size power
generation units which usually will consist of different types of electricity and heat
generating installations and energy storage facilities as shown in figure 4. The Fuel
Cell will become a main player as electricity generator and heat supplier in the
coming decades. The fuel for the Fuel Cell and the capacity of these units will also
have an effect on the size and type of nuclear reactors which will have to fit in the
new energy-mix concepts. Nuclear reactors could become one of the providers of the
fuel (hydrogen) for the new energy converters.

Power Quality

Power Quality has become an even more important aspect of electricity with the
development of the microchip industry. With this change new technology is now
available which can deliver the required power quality in distributed generation
configuration. Power Quality is now not dependent of the high voltage grids anymore
and this will have an impact on the nuclear industry and the technology and will be
the basis of what will be required for the future of nuclear energy.

Conclusion

To develop a stable global energy- and electricity policy it is the responsibility of the
nuclear industry as well as of all forces in our societies to come with good energy
supply solutions on very short terms. The new nuclear reactor designs will have to
meet the Generation IV criteria, provide a solution for the effects of deregulation, be
developed to meet market-driven demands and fit in distributed generation and co-
generation. All these aspects are of significant importance and have to be addressed
properly to guarantee a healthy development of the nuclear industry and the global
world economy. The nuclear industry is a capital intensive industry and will have to
prepare itself for the fast changing global energy technology market and at the same
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time realize that the aging process of the people in the industry has to be stopped.
This can only be done by giving the younger generation a promising future in nuclear
energy by announcing a revival and new technology for the industry. It is the future of
generations to come that we will have to secure in the best way.

If we can design passive nuclear plants such as the SBWR600 and the AP600 which
can come very close to the inherently safe criteria, we must except them as very
good designs and at the same time support future improvements in a rational way.
For public acceptance we will have to find better words for "Passive"; may be the
names "Natural Principles Plants" and "Natural Safety Systems" are better.

It is also essential that a main effort is made to explain to societies the meaning of
"inherently safe" and that "Being" is a combination of many chemical processes. As
the history of our planet has shown to us we are exposed to many risks and danger
and that some of these processes can stop at any time for many types of creatures
on earth. There is no inherently safe life for anybody on earth. If we can not accept
the passive nuclear plants designs as very safe, we do not understand the basis of
our own existence.

It has to become clear to everyone on earth who feels that nature and environment
have to be protected for Life on this planet, to also commit himself to the ethical code
of conduct to provide rational and scientific proven facts to our societies when we
take the responsible task on us to inform the public on relevant issues.
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Figure 1: Research and Development in High Temperature Gascooled Reactors.
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Figure 2:
DISCOVERY OF NUCLEAR FISSION AND TWO PHILOSOPHIES TO DEVELOP NUCLEAR REACTORS FOR ELECTRICITY
PRODUCTION.
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Figure 3: Evolution of the Boiling Water Reactor
Worldwide
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Figure 4: New High Voltage Electric Power Grids and Distribution Systems
Source: ELECTRIC POWER & RESEARCH INSTITUTE, Palo Alto, CA, USA.
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