=» DID YOU SAY FUSION? = THE STRENGTHS AND WEAKNESSES OF INTERCONNECTED NETWORKS
=» UNDERSEA TIDAL POWER FARMS = THE DANISH PARADOX =» THE INTERNATIONAL COMMUNITY'S
RENEWED COMMITMENT TO RENEWABLE ENERGY =» A PLAN FOR HYDROGEN = LOW-SPEED WIND

TURBINES = COMING SOON: MINIATURE FUEL CELLS

TALK ABOUT ENERGY DIFFEREN;IN




allernalives

Third quarter 2004

Publication Manager

Michel-Hubert Jamard

Editor-in-chief

Pierre Kohler, former astrophysicist

at the French CNRS, Director of

Ciel & Espace (from 1982 to 1988),

Head of RTLs Scientific Information Service
(from 1981 to 2001).

Editorial Committee

Michel Forgit, former scientific editor

for France Inter.

Jean-René Germain, former
editor-in-chief of Sciences & Vie.

Photo credits

P. Schuller/Editing (cover), T. Foulon (p. 3),

Jezequel/Cogema (p. 4), A. Fechner/LAIF-REA (p. 6),
Jezequel/Cogema (p. 6), D. Lamont/Corbis (p. 7),
),

M. Ponomareff/Ponopress/Gamma (p. 8

L. Marin/REA (p.9), DR (p. 12), V. Pancol (p. 13),

P. Bessard/REA (p. 13), Dia Vision/Torgeir
Aune et Liaien Technology, DR (pp. 14-15),
J. Bergman/Gamma (p. 16), P. Langrock/
LAIF-REA (p. 16), Laguna Design/SPL/
Cosmos (p. 18), AFP/DDP/T. Silz (p. 18),
DR (p. 20)

lllustrations

Karambole (p. 5)

Design and production

Chlorine-free paper. ISO 14001 certified fabrication

Magazine published by NUSYS

A

AREVA

Www.areva.com

In agreement
et liberté” Frenc
1978, those nc
Alternatives c
to immediately te

© 2004 NUSYS

RADIOACTIVE WASTE
MANAGEMENT

What are the different categories of radioactive waste?

How is this waste managed and who decides what will

happen to it? Alternatives takes a look at the technical solutions
and the decision processes implemented around the world.

<10

FOCUS I I

Did you say fusion?

Close-up of a naturally occurring phenomenon in the sun’s
core, currently the subject of research aimed at duplicating
it on earth to produce virtually unlimited energy.

The strengths and weaknesses of interconnected networks
Two experts discuss the provisions being made to prevent or
resolve major blackouts on the electric grids.

Undersea lidal power farms

Everyone knows about land-based and offshore wind
turbines, but tidal-stream turbines are still relatively unknown
to the general public. And yet a variety of experiments are
underway, including one in Norway...

HRADIDACTIVE

WASTE MANAGEMENT

The Danish paradox
Why is one of the leading countries in wind power also one
of the worst in Europe for CO2 emissions?

A selection of news briefs, books and websites that

shed more light on energy news and topics discussed
in this issue.

EDITORIAL

he deadline is fast approaching. In 2006 and
T 2007, the parliaments of many countries

— notably France, the United Kingdom and
Canada — will decide how radioactive waste will be
managed, and in particular long-lived, high-level
waste. We therefore felt that it was appropriate to
review the issues raised by this specific waste type,
to summarize research in progress, and to describe
solutions envisaged by countries that have to
manage such waste. The subject is all the more
topical in light of the resumption of new reactor
construction in some
countries — Finland in
particular — and recent
announcements on the
launch of the European
pressurized water reactor
(EPR), decisions that
must be made consen-
sually and for the
long-term.
In other areas, world news
is marked by sweeping
debate on energy policies
to be implemented by the
end of the century and
the role of renewable
energies in the overall
energy mix — some like
to use the term “energy
bouquet” — that has
become a fundamental
principle for the future...
A rising number of debates and conferences has
thus been seen in many countries over the past
few months, with several decisions imminent.
As always, we will do our best to provide detailed
analysis and explanations on a subject that
concerns us all: energy.

Pierre Kohler



WHERE DOES
RADIOACTIVE
WASTE COME
FROM?

The nuclear power
industry generates
most of the radioactive
waste (two-thirds

of it by volume),
largely from the
combustion of fuel
assemblies in nuclear
power stations.

The waste is
processed in fuel
cycle facilities. There
are three categories
of such waste:

= waste originating
directly from used fuel,
consisting primarily

of uranium fission
products formed when
the fuel is in the
nuclear reactor;

= “technological”,
or dry active waste
produced during
the operation and
maintenance of fuel

cycle facilities, includ-
ing nuclear reactors
(spare parts, tools,
protective clothing,
overshoes, gloves,
rags, etc.);

= waste resulting
from the dismantling
of decommissioned
nuclear facilities.

The remaining one-
third comes from the
following sources,

in order of quantity:

n research;

= national defense
activities;

= nuclear medicine
in hospitals, especially
for radiation therapy
and medical imagery
applications;

= industrial activities
such as quality control
of pipe welds by radi-
ography.

-. ]‘acility.

e

side from very low-level waste (VLLW),
radioactive waste is classified according to two
criteria for purposes of long-term management:
the activity level (number of disintegrations per
second) and the half-life (see inset, page 7). For
although the half-lives of some radioactive elements can be
counted in mere seconds, they can be millions of years for
others, whose activity levels are accordingly very low (these

=

Radioactive
waste containers
to be sent to the
entre de I'Aube
waste disposal

URADIOACTIV

WASTE MANAGEMENT

Radioaclive waste management is more than just 8 technical question. Though the wasle is nol 8 health
threatl, its disposal has become a socielal issue with @ blend of ethical and political consideralions.
Technical solulions exist for every waste lype. They must be clearly explained.

SURFACE DEEP
DISPOSAL DISPOSAL

'-F.l'||"

radionuclides being practically stable). The activity level of
waste indicates its toxicity and therefore its potential impact
on humans. Four activity levels are recognized: very low, low,
medium and high. The radioactive half-life is split into two
categories: short half-life waste (essentially containing beta
and gamma emitters) and long half-life waste (containing
alpha emitters).
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DISTINGUISHING

BETWEEN STORAGE

Legally speaking,
used fuel is not
considered to be
waste in Europe.
TRUE

The Organization

for Economic
Cooperation and
Development (OECD)
does not include used
fuel in its definition of
waste, since it still has
usable energy potential
(unused uranium and
plutonium).

GERMANY

Waste from the dismantling

of a nuclear power station is
stored pending transfer to a final
disposal facility (Wuergassen
nuclear power station).

FRANCE
Short-lived waste is placed
in surface disposal (Aube facility).

UNITED STATES

Waste from the civilian nuclear
power program will be stored
at Yucca Mountain, Nevada,
beginning in 2010.

In the nuclear industry, storage and disposal mean com-
pletely different things. For the former, the situation is
temporary, pending waste packaging or the shipment of
packaged waste. Disposal, on the other hand, is a situa-
tion that will ultimately become permanent, even when
a certain degree of reversibility is possible. In fact, radioac-
tive waste management starts at a very early stage, dur-
ing the design and operation of nuclear facilities, whether
they be industrial, medical or otherwise, to reduce waste
volumes as much as possible.

And significant progress has been made in this area, with
greater treatment efficiency leading to a five-fold reduc-
tion in long-lived waste volumes and a ten-fold reduc-
tion in their radiotoxicity. Each category of waste is then
packaged according to a specific process. Short-lived low-
level waste — which accounts for most of the volume — is
compacted and packaged in metal drums, encapsulated
in concrete, bitumen or special resins. This waste is gen-
erally isolated until its radioactivity has fallen to its nat-
ural level.

The French have built a special surface disposal facility
in the Aube department for this type of waste. Other coun-
tries have opted for a near-surface solution, i.e., slightly
below the surface.

The question is more complex for long-lived high-level
waste, as their potential toxicity is greater and, depending
on the specific case, remains significant for periods of up

to several tens of thousands of years.
Moreover, their radioactivity results in L
significant heat generation requiring ts(::It::':iI;:g‘:‘gr
special precautions. This final waste | jong-lived
is packaged when the used nuclear fuel = high-level
is treated, through vitrification and sl Ll

. . ) waste, consist-
compaction, and is then placed in | ing of fission
monitored storage pending permanent | products from
disposal. Testing and evaluation of the "ms:; f;:::;‘:}'
latter are currently being conducted porat,ed into
under the law of 30 December 1991  an unalterable
(see inset, page 9), which will be sup- SREHIal
plemented by legislation expected in
2006 or 2007 at the latest. The need for an adequate level
of reversibility will be defined in this legislation, if the
parliament deems it necessary.
Reversibility is also being studied in the United States,
Germany and Sweden, but so far nothing has been decided.
Countries are conducting research into permanent disposal
methods based on their specific geology.

POSSIBLE SOLUTIONS

A variety of solutions have been considered for radioac-
tive waste disposal from the very beginning, including
disposal under the polar icecap or burial on small desert
islands. Undersea disposal was viewed as more realistic,
and, in 1967, eight European countries created a nuclear
repository in the Atlantic 700 km from the Gulf of Gas-
cony and 4,000 m beneath the ocean surface. Low- and
medium-level waste immersion operations complied with

the London Convention on the Prevention of Marine Pol-
lution and with the recommendations of the Interna-
tional Atomic Energy Agency (IAEA). The former USSR
also deposited large quantities of waste in the Kara Sea.
The slow rate of migration from the ocean bottom to the
surface confers a certain safety to immersion. In addition,
the dilution effect ensures that any radiation remains
below allowable thresholds.

Nevertheless, European countries abandoned this option
several years ago.

For high-level waste, the solution currently recommended
by the experts (IAEA, OECD) is deep geologic disposal.
In this case, waste packages are buried at a depth of sev-
eral hundred meters in structures for which it is certain
that there will be no geological upheavals for millions of
years. A principle of functional complementarity is then
applied to ensure radioactivity retention. These functions
are physical and mechanical mechanisms, the main one
being radionuclide migration.

To limit migration, the designer of the disposal site often
reasons in terms of “containment barriers” between the
waste package and the immediate environment, includ-
ing man-made barriers (encapsulation of radioactivity
in a glass matrix, bitumen or cement; steel container) and
natural barriers (geologic formation). The latter is the
principal protection, for many millennia.

Indeed, the geologic formation must meet very rigorous
requirements, such as the absence of free water and very
low permeability. To characterize suitable rock, two cri-
teria apply: it must be geologically and hydrogeologically
stable. In other words, to prevent radionuclide migration,
water must not flow through the rock.

ESSENTIAL LABORATORIES

For research on deep geologic disposal, researchers are
interested in understanding the physico-chemical mech-
anisms that affect the behavior of waste packages, firstly
through mathematical modeling, but also by observing
natural analogs (volcanic glass, elements found in the Oklo
natural reactors in Gabon) and by performing full-scale
experiments. The main phenomena studied are those
involving water (in liquid or vapor form), heat and radi-
ation from the package itself.

Every country faced with finding a solution for the dis-
position of their radioactive waste acknowledges the neces-
sity of creating dedicated laboratories to test the per-
formance of various soils as geologic barriers, the migration
of radioactive elements in the ground and the interactions
between materials that have been disposed of and the nat-
ural environment.

These underground laboratories are essential tools for
determining the conditions under which a repository could
be developed and operated. About twenty such laborato-
ries are currently either under construction or in opera-
tion around the globe.

The main ones are in Belgium, Canada, the Czech Repub-
lic, Germany, France, Hungary, Japan, Sweden, Switzer-
land and the United States. Research is being carried out
on various types of terrain, including clay in Mol, Bel-
gium; salt at Asse, Germany; granite at Grimsel (Switzer-
land), Stripa (Sweden) and Pinawa (Canada); and shale
in Japan. Surface disposal of low- and medium-level waste
is currently practiced in Canada, the United Kingdom,
United States and France.

chemical elements
whose nuclei contain
more than 88 protons,
starting with the element
actinium. There are

14 actinides, but only
four of them (including
uranium) are naturally
occurring, the others
being radionuclides
created artificially

in the core of a reactor.
The most abundant
actinide in used fuel is
plutonium 239, produced
in the reactor from
uranium 238.

these are the three types
of radiation emitted by
atoms as they disinte-
grate. The first type is
easily stopped by a little
air; a simple sheet of foil
can stop the second; but
the energy of the third
type is stronger than
X-rays and can penetrate
metal.

this is the process

by which a long-lived
radioactive nucleus is
transformed into one

or two short-lived

(or unstable) nuclei.

The transmutation occurs
through nuclear reactions
triggered by neutrons
(mainly capture or fis-
sion) and through natural
disintegrations.
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Into account

N Dr. Peler Brown™

What was Canada’s
approach o the radioaclive waste
challenge?

In Canada, all
radioactive waste, whether low-level
or high-level, is currently kept in short-
term storage. For low-level radioactive
waste that pre-dated the regulations,
things started to change in March 2001.
The Canadian government and the
region of Port Hope, Ontario, where
almost all of the waste is stored, came
to an agreement on site cleanup and the
long-term management of the radioac-
tive waste in storage there. This decision
will pave the way for construction of the
first safe surface disposal in new tumuli
in the Port Hope region. This 260-million
Canadian dollar program will span a
total of 11 years.

Who is responsible

for implementing Canadian policy
in this area?

The Canadian Nuclear
Safety Commission strictly regulates
nuclear disposal. The Commission’s
personnel review work now in progress
to develop and implement long-term
solutions for the management of this
waste. The Canadian Ministry of Natural
Resources (NRCan) develops Canadian
policy on radioactive waste management.
In this role, NRCan was the architect of
legislation on nuclear fuel waste, which
provides a legislative framework for a
long-term solution. Also, the nuclear
operators formed the Nuclear Waste
Management Organization (NWMO)
on 15 November 2002, whose mandate
is to recommend various approaches for
long-term nuclear waste management
to the government. NWMO must include
approaches based on both interim storage
and final disposal, and must also build
consensus with the public, particularly
members of the Amerindian population.
It is only after this that the recommended
solution will be implemented by the
government.

* Director of the Uranium and Radioactive Waste Division,
Canadian Ministry of Natural Resources.

MANAGEMENT ORGANIZATIONS

Operators in every country with a nuclear power pro-
gram are confronted with the problem of radioactive waste
management. With the exception of Finland, where oper-
ators themselves assume responsibility for disposal, each
country has an organization or agency dedicated to this
mission.

Their mandate is to design, build and operate disposal
facilities for existing and future radioactive waste. In Bel-
gium, for example, the Belgian Agency for Radioactive
Waste and Enriched Fissile Materials (ONDRAF) has ful-
filled this role since 1980. In Canada, the Nuclear Waste
Management Organization (NWMO) began performing
this task more recently, in 2002. In Switzerland, it is the
National Cooperative for the Disposal of Radioactive Waste
(NAGRA) and the Commission on Waste Management
(CGD), while it is the Swedish Nuclear Fuel and Waste

Management Co. (SKB) in Sweden. In France, the National
Radioactive Waste Management Agency (ANDRA) cre-
ated in 1979 manages the Centre de I’Aube disposal facil-
ity for short-lived low- and medium-level waste in
Soulaines, which is currently in operation. ANDRA also
operates the Morvilliers disposal facility near Troyes, a few
kilometers away from the Soulaines facility, for very low-
level waste. In most countries, radioactive waste manage-
ment policy is defined in legislation introduced by the
government and passed by parliament. This is notably the
case in Belgium (law of 8 August 1980), Japan (voted by
the Diet in May 2000), Finland (May 2001), Sweden (April
2003) and Spain. In the United Kingdom, long-term waste
management will fall under the responsibility of the Com-
mittee on Radioactive Waste Management (CoRWM)
formed in late 2003 following the national debate on this
subject that began in September 2001, with a final deci-
sion to be made by 2006. m

WHO DECIDES? In most countries, radioactive waste management is the subject of legislation passed by the parliament.

Radioaclive wasle
calegories

Radioactive waste is divided into five
categories: mine tailings resulting
from uranium extraction (quantified
separately as they are naturally occur-
ring and are left on site); very low-
level waste resulting mainly from the
dismantling of nuclear facilities; and
low-, medium- and high-level waste,
referred to as types A, B and C.

Short-lived low- and

medium-level “technological”,
or dry active waste. Represents
about 80% by volume of all waste,
but less than 1% of their total
radioactivity. Three-fourths of it
comes from nuclear facility opera-
tions and one-fourth from research
centers or hospitals. Mainly beta-
and gamma-emitters. The radioac-
tivity of this type of waste returns
to natural levels within three
hundred years.

Essentially waste from used

fuel assembly structures sepa-
rated during treatment operations.
This waste does not generate heat
and may be compacted for volume
reduction and placed in interim stor-
age pending deep geologic disposal,
given that the alpha-emitter content
is above the threshold for surface
disposal. This waste type represents
5% by volume of all radioactive
waste in France.

This waste represents 99%
of the radioactivity in French
waste and about one thousandth of
the total volume. It consists exclusively
of vitrified waste (see vitrification).
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DECRYPTION

Deuterium
nucleus
(one proton
+ one neutron).

Tritium nucleus
(one proton
+ two neutrons).

Did you say

FUSION?

[ A guide for better understanding of a natural phenomenon, a technique, 3 mechanism...

ccording to U.N. demog-
raphers, world population
was 6 billion people in
2000 and will be 9 or 10
billion in 2050. It there-
fore follows that the energy needs of
mankind will continue to increase. Fossil
fuels, which currently supply 80% of our
primary energy needs and generate two-
thirds of the world’s electricity, will no
longer be adequate to meet demand, hence
the necessity to search for new sources of
energy. In this respect, controlled ther-
monuclear fusion is proving to be very
promising.

When two nuclei
merge (fusion),
a large amount of
heat and energy
is released.

The thermonuclear fusion
concepl

In principle, fusion is nothing less than
duplicating the thermonuclear reactions
that occur inside the sun and stars right
here on earth —in other words, recreating
amicro-star on earth to harvest its energy.
To do this, two atomic hydrogen nuclei
must first be brought sufficiently close
together —to within 1/100th of a picome-
ter. But they naturally repel each other
because they both have a positive elec-
trostatic charge. A massive amount of
energy in the form of heat — some 200
million degrees of it — is needed to over-

come this natural repulsion. Then, these
conditions must be maintained to ignite
thermonuclear reactions for along enough
period of time so that the energy created
by fusion is greater than the energy
expended to start the reaction. There are
two ways to achieve this: magnetic con-
finement, in which a very strong magnetic
field acts as a container for the process,
and inertial confinement, in which pho-
tons emitted by a laser are compressed.

The ITER project

The International Thermonuclear
Experimental Reactor project, or ITER,

Fusion also
creates a helium
nucleus

(two protons

+ two neutrons).

aims to demonstrate by the second half
of this century that it is technically fea-
sible to harness this abundant source of
energy, which produces less nuclear
waste that nuclear fission. The depth
and breadth of this joint research pro-
gram — which brings together Europeans
(France, Germany, the U.K.), Russia, the
U.S. and Asians (China, Japan, Korea)
— is unparalleled.

Up to 50 megawatts of heating power
will be injected into ITER, with scien-
tists hoping to get back 500 megawatts
in fusion power for the 400 seconds
required for the fusion reaction to be

The fusion reaction
causes the expulsion
of a high-energy
neutron.

self-sustaining. If this milestone is
reached, the concept of controlled
fusion will have been demonstrated.
The easiest fusion reaction to achieve
uses a mixture of deuterium and tri-
tium, the two isotopes of hydrogen.
A single gram of this mixture releases
100 MWh, or the energy equivalent of
8 metric tons of oil, and it only takes
300 liters of sea water to get 1 gram of
deuterium. m
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ajor electric grid failures, such as the

one that struck the eastern United
States in August 2003, are caused by a
series of events, more often that not corre-
sponding to line defects, equipment failure or
human error. These events occur one after
the other in a domino effect and are rare, but
they are catastrophic when they do happen.
It is precisely because they are rare and
involve several simultaneous events that they
are extremely difficult to predict. To avoid
them, real-time defensive action and moni-
toring is required during system operation.
The technology to protect electric grids from
the causes of these major blackouts exists
and has the capacity to cut electrical power
where and when required. This selective load
shedding is used when the system is found
to be unstable and therefore vulnerable, or
when it has exceeded its operational limits.
In the case of an interconnected grid, the
location and degree of power loss is comput-
erized based on different operational
scenarios. By voluntarily sacrificing a small
part of the load, viable operational conditions
can be restored to the entire network.

Real-time computer control on a vast scale
and the electrical load control technology still
need some fine-tuning, and this is the chal-
lenge for future grids. A reference document
- the 'Strategic Power Infrastructure
Defense', or SPID - has been developed
jointly by the University of Washington,
Arizona State University, lowa State
University and Virginia Tech under the aus-
pices of the Electric Power Research Institute
(EPRI) and the U.S. Department of Defense.
This wide-ranging framework document cov-
ers information and measurement, failure
analysis, vulnerability assessment and self-
healing actions.

The Advanced Power Technologies Center
(APT) of the University of Washington has

its own research and development activity
on grid configuration control through self-
healing actions. Again, the goal is reduce

the vulnerability of interconnected grids. The
other technologies developed by APT are for
electricity price forecasting, the computeriza-
tion of transfers to available interconnected
grids and qualitative analysis of electricity
distribution-related events.” m

n electric line is, by nature, at the

mercy of the weather: lightning can
create a power surge, which will result in an
overload, a storm can uproot trees or break
off branches, which can fall on power lines,
an ice storm can deposit tons of ice on the
line and weigh it down to the breaking
point. All of these risks are well known and
controlled, and the lines are of course mon-
itored constantly. France, like most other
European countries, has a grid type system.
This represents a significant advantage: if
there is a fault on one line, the power will be
sent via another route, ensuring continuity
of supply. Balanced distribution of produc-
tion sites, nuclear power stations and
hydroelectric dams around the country also
ensures optimum distribution of available
power. France’s Electricity Transmission

Network (RTE) is connected to neighboring
countries via interconnecting extra high
voltage lines. On balance, France is an
electricity exporter, but if needed can
import electrical power. During the 2003
heat wave, imported Spanish electricity
helped avert blackouts in France. In fact,
interconnections are an essential asset for
bolstering mutual backup capabilities
between neighboring countries in the event
of a fault or power shortage in either one.
The specific case of Norway, on the other
hand, demonstrates its vulnerability: the
hydroelectric dams are in the north and the
main consumption centers in the south.
These are connected via very long lines that
are vulnerable to bad weather. Because it is
not a grid-like network, it is difficult to over-
come breakdowns quickly.” m
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FOCUS

[l A report from the field on an approach or a local experience

The waler movements caused by lides generate an enormous
amount of power. Yel only one major installalion has operated
up to now: the Rance lidal generator in France. Bul other
projects — with more originality than just @ dam — are slarting
to take shape, especially in Norwauy.

Undersea

ﬁdalﬁpo

R

wer farms

" REPORT

The installation is 300 m from
the coast and connected to the
transformer station by an underwater
cable, but its electricity is not exclu-
sively used to supply the village as

everal tidal-stream turbine pro- tem for generating electricity from tidal the speed of the current (about 10 a relatively modest 300 kWe of power, it goes into the general power grid.

jects are currently underway in | currents. All the project needs now are | Assembly of the km/hr) offers a considerable amount of but the high and low tides are known The main technical challenge was

Europe. The backbone of this | investors to start building a 10-kWe E:jretl)l_-stream " energy, given that the power generated in advance and, unless there is a to master the force of the currents,
new terminology is a generator beneath | demonstrator. Currently, one of the e nacet. by the turbine blades is proportionate mechanical failure, the manufacturer Biorn Bekken which have a spoed of about 10 kmh,
the surface of the sea that operates much t advanced installations is in N to flowrate cubed and fluid density. And ith certainty that his tidal ) which s a ot. We also ha (0 find a

e surface of the sea that operates mud most advanced installations is in Nor- | gy o flowrate cubed and fluid density. can say with certainty that his tidal- Director of Hammerfest solution to prevent turbine freewheel-

like a wind turbine, with the ebb and way, where an entire village is powered Loading the unit water is 800 times denser than air! At stream turbine will produce 700 MWh Strom, Statoil office, ing in the event of a loss of grid load.
flow of the tide turning the blades... In | by a tidal-stream turbine. onto the crane the same speed, the energy captured by per year. Norway. Divers used to working in very cold
the United Kingdom, for example, Marine barge before atidal-stream turbine is therefore much The investment required was about . . . . ‘t’)"aterr] C%r,ry out Sylftem maintenance,
Current Turbine Ltd. (MCT) has installed | Tid3I-stream lurbines mmersion. higher than that of a wind turbine of 10 million euros, which is a lot consid- tr?eugllﬁfe:cgfolp ;::”;r;g Ztaotlé;t;tnuereu?i((jg ml:E itmi m“’?g ? ergu ceepthtg reil ssl(tl;;(f:tbr eak-
an experimental marine turbine close | MOFE owerful than a comparable diameter. In other words, a ering the relatively low power output. energy is quite an old one, but this downs, béckup systems are installed
to Bristol in Cornwall. There is one | Wind furbines Anchoring the tidal-stream turbine one-sixth the size But it is only a prototype and the man- concrete realization started in 2000. for sensitive components so that they
major drawback, however: the masts | The site selected for this installation, unit to the seabed. of a wind turbine generates the same ufacturer, Hammerfest Strom, is We chose to locate the tidal-stream can take over in the event of a failure.
break surface, meaning that they must Kvalsund, is a narrow stretch of sea sep- amount of electrical power. The Nor- already planning to build more at the Tsr(l;(l)r}]erlnn vt/ri]gngr?:jsgr(])d;t ;gg"t‘ I‘tNihsICh E;le t;)duatl';g?ﬁ; ttl;rgmf dlz gty
be marked and indicated on maritime arating the island of Kvaloya Fala from wegian system is anchored to the seabed same site. The only unknown is how sfituiiee 310 b i Mem erglest, Y
charts. In France, a small Quimper- the country’s extreme northern point, at a depth of 50 m and fitted with 20 m well the materials will stand up to the which is best known for being the experience. Initially, our goal is
based business has also developed a sys- | 1,000 km north of Oslo. At this location, diameter blades. Its generator produces corrosive conditions of the sea... W northernmost town in the world! to install about twenty others...”

Tidal power
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WIDE ANGLE

[l A closer look af the energy policy of @ country

The

66 DESPITE THE USE OF WIND ENERGY, DENMARK HAS ONE OF THE HIGHEST LEVELS OF CO2 EMISSIONS.”

TRUE
OR
FALSE

The Danish
land-based
wind farms
produce more
energy than
the offshore
wind farms.

FALSE

Multipliers on the
offshore turbines
increase blade
rotation speed by
10% compared

with the land-based
versions, thus gener-
ating more electricity.

enmark’s commitment to
D wind power is remarkable for
a country of only five million
inhabitants. And yet the same coun-

try has Europe’s worst record for
CO:2 production per capita. ..

An early commitment

lo wind power

Denmark’s installed wind power
capacity is both land-based and
offshore. The largest land-based
site, at Syltholm on the island of
Lolland, has a cumulative output
of 26 MWe from 35 turbines. The
next largest is at Rejsby Hede, a 40-
turbine site opened in 1995 close
to the town of Tender, a particu-
larly windy region in southern
Jutland. Historically, this site was
the largest wind farm in Denmark
with a total output of 24 MWe.

Due to the high population density
and the difficulty of finding suit-
able land-based sites, the Danish
authorities were pushed to pro-
gressively phase in offshore wind
farms, despite the higher construc-
tion costs. A wind farm of this type
— the first in the world — was thus
built in 1991 in the Baltic sea at
Vindeby, close to the island of
Lolland in southern Denmark. The
two largest offshore wind farms,
each about 160 MWe, are in Horns
Rev and Nysted. The Nysted site,
about 10 km south of Lolland
island, was built in 2003 and has no
less than 72 high-power turbines
(2.3 MWe) that can satisfy the elec-
tricity requirements of 110,000
homes. The Horns Rev site, about
20 km off the Jutland coast in the
North Sea, is the world record

holder for the number of turbines:
80 units! Another offshore site is
close to the port of Copenhagen,
where 20 turbines produce 3% of
the electricity consumed in the

Danish capital. It is a paradox that
such a significant commitment to
wind power has not prevented this
small Scandinavian country from
being one of the European Union’s
biggest producers of CO2, with 53
million metric tons of emissions in
2002, i.e., 10 metric tons per year
per inhabitant, or 1.5 kg of CO2
per kWh of electric power.

Paradox and explanalion
This paradox can be explained quite
simply by the still very high pro-
portion of coal-fired power stations,
which by themselves account for
80% of this electricity. The interest
shown by the Danish authorities for
wind power over the last few decades
has neither lowered consumption of
other types of energy nor reduced
greenhouse gas emissions.

Fulure choices

To go further, perhaps an even more
ambitious wind power program
would have been needed. However
— and this is the second part of the
Danish paradox — the further use of
this type of equipment has been offi-
cially halted because increasing the
number of wind farms is now con-
sidered to be the wrong way to go.
Measures to support the use of renew-
able energies were in the end not
enough to reduce CO: emissions,
meaning that other sources of non-
polluting energy must be developed.
Based on the recommendations in
the 2002 report “Forecast of Den-
mark’s energy consumption and
emissions”, the current government
has frozen three of the five offshore
wind farm construction projects that
were to be built by 2008 for a total

anis
naradox

Since the end of the 80s, Denmark has invested massively in wind power
to salisfy ils energy requirements. With installed generaling capacity of
3,000 MWe in 2003 delivered by some 5,500 wind furbines, the Danes
own no less than 12% of the world’s wind power generalion base!

investment of 673 million euros and
would have produced 450 MWe. The
government considered that the ini-
tial target of 20% of energy con-
sumption in 2003 through renew-
ables had already been more than
fulfilled with a share of 27% of elec-
tricity production. Denmark can
therefore afford to pause temporar-
ily to avoid the impact of additional
expenses on weighing down business
competitiveness and the financial bur-
den to society. And yet the “Energy
21”7 plan developed in 1996 wanted
to go even further, as it had set the
target of 4,100 MWe of offshore
energy by 2030. That amount of
capacity would have generated some
14 TWh of electricity per year, or prac-
tically half of Denmark’s energy con-
sumption of 31 TWh/year, but this
was unrealistic. ¥

THE FALLING
COST OF
WIND
POWER

The profitability of offshore
wind farms has increased
over the last few years

due to a drop in the price
of wind turbines. The cost
of wind power is on average
€0.048 per kWh, assuming
a service life of 20 years,
of which 20% are operating
and maintenance costs.
That is practically twice

the kWh price invoiced by
Nordpool (€0.025/kWh),
the Scandinavian electricity
exchange network. However,
for wind power, there are
very significant variations

in value depending on
depth, distance from

shore and the related
connection costs.
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B SCIENCE |

A plan for
hydrogen

On 10 March 2004, the U.S. Depart-
ment of Energy (DOE) officially
launched its “Hydrogen Posture Plan”,
which outlines technology milestones
to be reached over the next decade
to achieve commercial applications
in 2015 — 2020. Secretary of Energy
Spencer Abraham announced that
$227 million have been earmarked in the
fiscal year 2005 budget for research in this
area. A hydrogen-based economy would be
a veritable revolution. m

PROJECT
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Low-speed wind
turbines

Coming soon: miniature fuel cells

A long-duration portable fuel cell was pre-
sented at the last Hanover trade fair by the
Fraunhofer Institut flir Solare Energie-sys-
teme (Ise) of Fribourg, Germany. The battery,
which is powered by a hydrogen cartridge,
is designed for professional television and
movie cameras and can produce 40 W of

power for eight hours of filming time. The pro-
ducers of this new battery will develop ver-
sions for other applications, such as micro
fuel cells that operate with methanol car-
tridges. They could be commercially available
in less than a year for users of cell phones
and computers.

INTERNET

A quarterly seleclion of sifes where you

information aboul he fopics covered.

p THE FOLLOWING SITES ARE WORTH A LOOK FOR MORE
INFORMATION ON RADIOACTIVE WASTE:

www.worldnuclear.org

IN FRENCH AND ENGLISH

Website of NucNet, an international
agency headquartered in Switzerland
with member organizations in more
than 50 countries. Provides nuclear- g e
related information from more than

400 sources at nuclear power stations

and other nuclear facilities, govern-

ment ministries and research institutes.

The NucNet database is continuously

authenticated and updated.

www.andra.fr

IN FRENCH AND ENGLISH

Website of the French national radioac-
tive waste management agency (ANDRA)
presenting the various stages involved in
managing nuclear waste. General infor-
mation on radioactivity is available and
a map of France gives an overview of
the sites used for waste storage.

READING LIST

www.radwaste.org/disposal.htm Raddaste.

IN ENGLISH L]

An extremely thorough and well-documented
site on radioactive waste management. Gives a
list of 9,000 links on nuclear subjects in gen-
eral, carefully selected but without distinction
as to opinion (governments, research centers,
companies, pro- and anti-nuclear organizations).

T EA PR R

Con gef more

-

] Read, see, discover

|

www.nea.fr -
Website for the Nuclear Energy Agency (NEA), -E- (
part of the OECD (Organization for Economic b
Cooperation and Development), whose mis- - ]
sion is to assist member states in maintaining -

and developing the scientific, technologicaland ~— E

legal bases required for the safe use of nuclear
energy. Radioactive waste management is one
of about ten themes covered.

www.laradioactivite.com |
oo =i
Website developed by EDP-Sciences (Editions of

the French Physics Society), with the support

of the National Center for Scientific Research

(CNRS). The highly educational content addresses

the problem of radioactive waste very clearly.

B MEETINGS |

Renewable energy: internalional communily

renews commilment

In its final statement, the International Conference for Renewable
Energies held in Bonn in early June used a phrase from the
Johannesburg sustainable development summit, saying that it is
necessary “to increase the global share of renewable energies
substantially with a sense of urgency”. The conference, attended
by 150 countries, gave the Chinese the opportunity to announce
their intention to increase the share of electricity generated by
renewable energy sources to 10%. The World Bank announced a

Bonn conference, Eq_l L
2 June 2004.

20% increase per year over the next five years for guaranteed
loans supporting renewable energies. France and Germany
announced their intention to build wind farms together to minimize
construction and network connection costs. Offshore wind farms
could be built for a unit cost of 250 to 500 million euros. It should
be noted that Germany is the world champion in wind power,
ahead of the United States, with an installed generating capacity
of around 15,000 MW. m

The storage and disposal of
radioactive waste have abad
publicimage. And the mul-
titude of articles and sci-
entific work aiming to give
aclearer understanding has
notbeen able to change this.
Based on a survey con-
ducted by CREDOC on
French perceptions of this
question, the book inte-

grates contributions from
a variety of well-known
people, and concludes that
the scientific debate on
this subject needs to be
reopened.

Under the direction of
Michéle Chouchan,
ANDRA.

264 pages, available from
ANDRA.

The answer from
the author, a past
director of the
French Atomic Energy Com-
mission’s (CEA) nuclear physics
lab and currently scientific advi-
sor to CNRS and responsible for
energy programs at the French
Physics Society, is “yes” to the
question posed in the title of this
book. Mankind, according to

Hervé Nifenecker, cannot do
without nuclear energy to gen-
erate the electricity it needs and
to reduce the production of CO2.
Deployment of sustainable
nuclear energy is, in his opin-
ion, consistent with current tech-
nical and economic conditions.
By Hervé Nifenecker,

Editions Le Pommiier,

64 pages.
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What will replace uranium in nuclear power
stations, for which there are currently

40 to 50 years of recoverable reserves?
Question from Mr. Michel S., Angouléme (Charente, France)

The International Atomic Energy
Agency (IAEA) and the World
Nuclear Association (WNA) esti-
mate that there are currently a
little over 2 million metric tons
of uranium ore reserves recover-
able at a cost of less than $40/kg.
This corresponds to 30 years of
operations of current reactors.
However, these resources are
underestimated, since there is
currently no significant explora-
tion effort in view of the size

of available stocks. At an accepted
production cost of $130 — which
would not be prohibitive, given
that uranium represents only 5%
of the cost of nuclear-generated
electricity — there would then be
enough reserves for 60 years.
Uranium can be replaced in

Is there a difference in electric-
ity losses from overhead and
underground power lines?

Question from Mr. Hervé L.,
Saulieu (Cote-d’'Or, France)

For a given transit capacity (same voltage),
in theory a buried cable has fewer losses than
an overhead line, at least for low and medium

nuclear fuel by other fissile ele-
ments, such as plutonium, which
does not however occur naturally.
The only source of plutonium is
from decommissioned nuclear
weapons or from the treatment
of used fuel from current reac-
tors. It is already used in this
form and mixed with uranium
to make “Mox”, which slows the
consumption of current reserves.
Another possibility is to optimize
the use of uranium 238 (whose
fertile nuclei are only slightly fis-
sile) by bombarding it with fast
neutrons: this is the principle
underlying fast breeder reactors,
whose development is currently
on hold but which would allow
a factor 50 increase of the fissile
materials used.

voltages. However, it is difficult to give figures
because, as the specialists from the EDF distribu-

Answers fo frequently
asked questions

A few years ago, we were told that nuclear
energy had a future only if fast breeder
reactors were developed. If China and other
countries continue to develop nuclear power
stations, the current uranium reserves will be

quickly depleted...

Question from Mr. Raymond B., Touvre (Charente, France)

It is true that after the oil shocks
of 1973 and 1979 the industrial-
ized nations feared an energy
shortage and that, with the
prospect of significant develop-
ment of nuclear energy, uranium
reserves appeared to be relatively
limited. By enabling these
reserves to be multiplied by a
factor of 50 to 100 — by using all
uranium isotopes — the fast neu-
tron reactor (breeder reactor)
appeared to have a bright future.
But when crude oil then fell back
to its initial price level and the
pessimistic forecasts based on
crude oil resources in 2000 did

not materialize, fast breeder reac-
tors lost their attraction. The cost
associated with operations that
were more complex than origi-
nally foreseen, the risks associ-
ated with the use of liquid
sodium for cooling and, above
all, the pressure of environmen-
talist movements prompted the
French government’s decision, in
September 1997, to dismantle the
“Superphénix” prototype, even
though it had already reached the
industrial phase by generating
electricity for the grid. Regarding
uranium reserves, see the
response to the left.

as possible, which increases voltage proportion-
ately: by up to 400,000 volts for extra high

Several readers have asked

tion department explain, this varies as a function
of numerous parameters (cable type and cross-
section, voltage, etc.). Buried cables have their
own drawbacks, such as the production of
“reactive” energy, which is not directly usable.
Due to the “resistance” of the conducting wires,
line losses are proportionate to current squared
(Ohm’s law). This is why current is kept as low

voltages (EHV). Unfortunately, in the case of
EHYV, buried cables result in the highest loss

in transported energy. To overcome this,
substations have to be built every 50 to 80 km
for 90,000-volt lines, every 25 to 30 km for
225,000-volt lines and every 15 to 20 km for
400,000-volt lines. In that case, the cost would
be 10 to 12 times greater than for overhead lines.

SEND US YOUR QUESTIONS

This is your space and your opporfunily to send us

your queslions. We will respond in fulure issues.

about the operation of wind
turbines, their efficiency, etc.
Alternatives will devote its next
Decryption article to this subject
to answer as fully as possible.
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