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On the cover, we decided to present you

the “Polar Observer”, a technological

igloo that is drifting freely on the ice

floe for 500 km. On board, the scientist

Jean-Louis Etienne, is studying the Arctic

ecosystem and is trying to understand

the earth's climatic system better. The

electricity needed for the different ins-

truments taken on board the capsule is

supplied by a hydrogen fuel cell. But as soon as the sun is high enough in the sky,

ten solar modules, a 75 watt capacity each, take over.

This image is emblematic for renewable energies. In extreme conditions like these,

solar energy displays its know-how, its reliability, its modernity and its efficiency.

On the photo, you can also see Lynet, a husky and the scientist's fellow traveller.

Lynet's job is to warn him against the unforeseen arrival of polar bears. By the

way, do you have any idea why the polar bear is white? Because it has well adap-

ted to the severity of the climate. To warm itself, the bear carries its own solar col-

lector permanently along with it. It's epidermis is black and its white and

translucent coat of fur acts as a glazed surface located above an absorber.

Whether technological or natural, solar electricity and solar heat are not curiosities

but useful renewable sources for life on earth, from the pole right to the equator.
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In Portugal, the 
electricity sector 
is currently facing 
up to a number 
of challenges: the
advent of wind
farms, the streng-
thening of the grid
network, and also
the electrification
of the last rural
areas. The target 
for 2010: 3 000 MW
of electricity from
renewable sources.



T he site at Do Pinheiro, 400 kilometres to
the east of Porto: 200 hectares at an alti-

tude of 1 350 metres, in the chain of mountains
which make up the Serra de Montemuro, to
the south of the high valley of the Douro.
From next July, twelve wind turbines, each
with a power output of 1.8 megawatts (MW)
— making 21.6 MW in total — will feed into
the national grid. An anemometer has been
measuring wind speeds at a height of 
40 metres above ground level for five years. 
« The data is promising, » assures Antônio
Lima Teixeira, co-manager of the company Siif
Energia Portugal, owner of the future wind
farm via its subsidiary Eólica da Cabreira. 
« There are average speeds of eight metres
per second, which should provide for 2 800
operational hours a year. » The site is excel-
lent. « We still have space for 21 machines.
We dimensioned the site to take account of
the maximum power of the turbines available
on the market at the time of starting the pro-
ject  —  0.6 MW. We have submitted a first
request to extend the total power of the site
by 30 MW, in order to realise the best possi-
ble financial return. »

A bubbling stream re-emerges in a small jet of
water at the feet of the engineer responsible
for the terracing work. The water streams on
all sides, at the foot of the first trenches
carved into a good metre of dark vegetative
soil. Blocks of granite and the scrub vegeta-
tion of the humid land at high altitude extend
as far as the eye can see. These are the
ancient parcels of land sown with spring bar-
ley, now lost to agriculture, and today
included in the European network of pro-
tected natural areas, Natura 2000. « An envi-
ronmental impact assessment has been
carried out, and the foreseeable negative
effects are slight, » explains Lima Teixeira. 
« The sectors approved for construction were
strictly defined. We are committed to restor-
ing the natural environment as much as pos-
sible at the end of the building works ». The
sub-station will be semi-underground, built so
that it does not stand more than four metres
above ground level, and dressed in a way
which imitates the surrounding granite. The
presence of some rare plants, on the slopes,
resulted in the need to reposition the route of
the overhead power line which connects to
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Erection of the last wind 
turbines of the Do Cabril
wind farm in the mountains
of northern Portugal. A total
of 9 wind turbines of 1.8 MW
capacity, which should be
put into service during the
first half of the year. 
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Y ou cross the small bridge, damaged by
the civil engineering machinery which
has been before you, and you quickly
stop your car on the verge. There is a
joyous sense of disorder and incre-

dulity. On account of its size, the Alqueva dam has
become the most popular monument – and by far –
in the entire Alentejo region. People go out of their
way to visit it, as a weekend family outing. This pro-
ject, which has a history going back several decades,
had finally become a kind of myth, periodically
dusted down and each time put back again. But this
time the engineering project, to build a dam on the
rio Guadiana, has become a reality. It closed its gates
on 8 February 2002, and the water collected behind
its arc-like shape, built to a height of 96 metres. The
water accumulating in this way will back up as far as
fifty kilometres further to the North-East, into Spain,
and with a surface area of 250 km2 it will constitute

the largest artificial lake in Europe. The Alentejo, the
wide plain in the Portuguese interior which occupies
a third of the national territory, has long been an arid
and economically depressed region. The drought at
the start of the 1980s removed all procrastination
over the project, and the dam began to take shape. It
is a “multi-functional” engineering project. Whilst the
prime concern was to create a reserve of water for
the peoples of the region, for industry, for agriculture
and for the struggle against desertification, the dam
will be equipped with hydroelectric turbines with a
power of 236 MW. But this energy benefit will only
contributes 10% of the total economic benefit of this
major project. 
The energy delivered by the Alqueva turbines will be
shown in the figures as coming from renewable
sources, in a country where hydraulic energy accoun-
ted for over 95% of “green” electricity production in
2001. The micro-hydraulic plant had its day at the
start of the 1990s, supported by a number of legisla-
tive provisions. In 2001, figures posted for 98 small
hydro-electric power stations indicated a total power
output of 308 MW. But a Decree by the Ministry of
the Environment dating from 2000 increasing the
protection for water-courses – of which a number are
classified as national reserves – is now making it 
very difficult to build new small turbine generators.
However, more will need to be built if the total pro-
jected increase of around 285 MW by 2010 is to be
achieved. Whilst the Alqueva dam seems like a
curiosity in a Europe which has hardly got another
site which could be developed in this way, some peo-
ple in Portugal are envisaging the construction of
another major dam by 2010. The desired location:
the gorges of the rio Sabor, in the North-East of the
country, to provide hydro-electric power of some
300 MW. But this is only a dream for the present…
in the meantime, there are plans to increase the
capacity from large-scale hydraulic power-stations,
including Alqueva (and Sabor), by 790 MW until
2010 (see table) by increasing the power output
from certain existing plants, including Venda Nova 
e Picote.

Installed power Installed power Installed power

2001 (MW) 2010 (MW) 2001/2010 (MW)

Renewable energies

Micro-hydraulic 308 593 285

Wind Energy 80 3 080 3 000

Biomass 10 70 60

Bio-gas (from waste sites) 1 41 40

Photovoltaics 1 41 40

Wave 0 100 100

Solid municipal waste 81 131 50

Large-scale hydraulic 4 000 4 790 790

Total 4 481 8 846 4 365

Fossil Fuels

Natural gas 1 240 2 440 1 200

Carbon 1 871 1 871 0

Hydrocarbons 1 614 1 512 0

Co-generation 1 200 1 650 450

Diesel 334 5 0

Total 6 259 7 478 1 650

Portugal, which rejected nuclear power in 1984 as
uneconomical and presenting environmental
problems, imports 85% of its energy, notably for
the production of electricity. In the mid-1990s,
Portugal opted for a massive “gas plan”, the
development of which will constitute the key part
of its investment in fossil fuels destined for elec-
tricity production between now and 2010, to
develop 1 200 MW of capacity. But it is renew-
able energies, and above all wind power, which
will meet the infrastructure needs until then, with
an installed power output over the period of 
4 365 MW, or almost three quarters of needs.
This is also required in particular to achieve the
target of producing 39% of national electricity
from renewable sources in 2010. 

Do we need 
another major dam?

Portugal

Renewable energies 
and electricity production 
in Portugal

The Alqueva dam to the south of 
the Alentejo – with 236 MW electric 
capacity – is in the process of completion. 
It's gates were closed last February.



the national grid some 26 kilometres distant. 
A few twists of the road away from this site,
on a neighbouring ledge of rock, the Do
Cabril wind farm is on the point of entering
into service. Six wind generators are already
erected, with a further three to come. A mas-
sive crane ranges around one of them, which
is still lying in separate pieces on the ground.
The power station, with a total output of
16.2 MW, will deliver its first kilowatt-hours
(kWh) in the course of the first six months of
the year. In the distance, the spectator can
make out through the heat haze the wind
farm of Das Meadas, owned by the Enernova
company, a member of the Electricidade do
Portugal group (EDP), the national electricity
distribution company. The region is consid-
ered as being in the prime category for wind
energy companies.

160 wind measuring stations

« The coastline is hardly desirable for wind
farms. Apart from some small areas, the 
wind there is too erratic », explains Àlvaro
Rodriguez, Professor of Mechanical Engineer-
ing at the University of Porto and permanent
consultant for a group specialising in studies
of wind energy at the Instituto de engenharia
mecânica e gestão industrial (Inegi – Institute
of Mechanical Engineering and Industrial
Management) at Porto. « It is the high
regions of the North and of the Central
Region, typically above 1 000 metres in alti-
tude, which harbour the main supply sites for
wind energy in Portugal. » To map out this
resource, Inegi has installed 160 wind mea-
suring stations since 1991, on the most
favourable sites. 
Following a period where a voluntary
approach was favoured, the industrial deve-
lopers of wind energy now envisage a minor
Golden Age occurring in Portugal over the
coming years. Last December, a steep upward
revision was ratified for the tariffs for pur-
chasing wind-generated electricity by the
national distribution network, EDP (for low
and medium voltage) or by Rede elétrica
nacional (REN, the national  grid, for high
voltage), once the connected power stations
exceed a power threshold set at a level of 
10 MW. Whereas a wind-generated kWh was
selling at 0.06 euro before, whatever the gen-
erating conditions, its purchase price will
henceforth be subject to a tariff-based scale
which favours sites with less wind. Thus in
2002 it is possible to obtain 0.085 euro per
kWh for a wind farm producing for only 
2 000 hours a year. « That is the breakeven
point to profitability. Under the old tariff,
that point would not be achieved below 
2 300 hours per year. This new provision is of
fundamental importance in attracting the
investment necessary to build the farms for

Hélder Gonçalves is President of Agência
para a Energia (Agency for energy – Adene).
Formerly the Director of the Department for
Renewable Energies at the Instituto Nacional
de Engenharia e Tecnologia Industrial (Ineti
– the national institute for engineering and
industrial technology), he has also served as

Chairman of the Forum “Renewable energies in Portugal”, a body
which marked the collective awareness that Portugal was lagging
behind in this field. He believes that Portugal can no longer pro-
crastinate, and should support the radical policy development
which has been pursued since June 2001.

REJ: Portugal has just seen a spectacular series of measures favouring
renewable energies. Is a new policy in the process of coming about?

H.G.: The country has experienced two
highly dynamic periods of good fortune
in the past year. Firstly, at the start of
2001, having found that the country’s
energy policy did not match up to the
national potential in terms of renewable
energies, we took the initiative, with
Ineti, of creating a national forum to act
as a think-tank, bringing together profes-
sionals, researchers, associations, etc. For
over eight months, around 150 people
sought to conduct a sweeping review of all aspects of the field —
potential, technical, financial, legal, administrative, etc. — in order
to make proposals which could be put to the politicians. Whilst this
process was playing out in accordance with its planned schedule
from February to November, a spectacular policy change occurred in
June 2001. Following the dismissal of the Economics Minister, who
has responsibility for the energy sector, Eduardo Oliveira Fernandes
was named Secretary of State for Energy. He is a university academic
based in Porto, and very active in the field of renewable energies.
Last September, he announced the launch of a major programme
“Eficiência energética e energias endógenas – E4” (Energy efficiency
and endogenous energies). This document is wide-ranging in scope,
since it addresses equally the market aspects, financial incentives,
the quality of installations, the guarantee given to clients, training
for professionals, etc. 
Very quickly, this policy change was confirmed by measures such as
the strengthening of expertise at Adene and the launch of sectoral
programmes: for development of solar energy, where our aim is to
increase the area of solar panels from 5 000 m2 to 1 000 000 m2 by

« It is
inevitable
that the
new policy
must be
applied »

I N T E R V I E W

HÉLDER GONÇALVES
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energy efficiency of buildings; in support of co-generation, etc. 
September 2001 also saw the joint announcement by the Ministers
for the Economy and for the Environment, of a battery of new pur-
chasing tariffs for electricity produced by each renewable source.
Undeniably, what is being presented is truly a policy in favour of
clean energies. 

How do you explain this radical acceleration?

We are under strong pressure by virtue of our international obliga-
tions. The European “Green Energy” directive sets out for Portugal
the objective of producing 39% of its electricity from renewable
sources in 2010, as opposed to 29% in 2000. And above all, our coun-
try is committed under the Kyoto Agreement to limit the increase in
its emissions of carbon gases to 27% by 2010, when compared to the
level of emissions for 1990. However, by 2001 Portugal had already
used up the full amount of this margin for increase…
If we achieve our objectives in respect of clean electricity, we would
also have realised half of our commitments with regard to the Kyoto
Agreement. For the other half, it will certainly be necessary to exer-
cise control over demand. Transport in this country is out of control.
No-one contemplates leaving their car in the garage. Demand for
electricity has also seen significant growth. It will also be necessary
to rationalise electricity provision, even if in some respects electricity
supports the development of renewable energies. 

Does the recent change of government, following the elections of last
March, seem to you to be likely to call into question the options in favour
of renewable energies?

Even if it is customary for a new government to impress its policies
on all areas of influence, it is however inevitable, I think, that conti-
nuity will be guaranteed in the area of renewable energies, where we
suffer from a genuine structural deficit, which is not to be tolerated
vis-à-vis our EU partners. The newly named Secretary of State for
Energy and the new government cannot choose to turn the clock
back. And in addition to this, the investors are there, and they are
looking to do business. The process is unstoppable!
Elsewhere, Spain and Portugal have decided to install a free market
in electricity from January 2003 in the Iberian peninsula. Our neigh-
bours, whose spectacular development in the area of wind energy is
already well-known, are ready to come and invest here. The pressure
is very strong, and that should give further impetus to renewable
energies in Portugal. 

Given that it seems there is a political consensus on the approach to be
taken, where might the difficulties arise?

Significant development of renewable energies will not be achieved
entirely without conflict! In wind energy, for example, the demands
of the local authorities on the areas on which one might wish to
install wind farms will be critical. The E4 Programme has taken the
initiative and envisages that 2.5% of electricity sales from each pro-
ducer will be returned to the producer. But it is to be expected that
there will be some speculation on the value of the areas given over
to wind farms. And in addition, it will be necessary to take account
of the movements for nature conservation. Several wind farms could
be located in national parks. It will also be necessary to negotiate
with the Ministry for the Environment, which is itself very radical.•
>  Websi te  
for  the Por tuguese Depar tment  
of  Energy :  www.dge.pt

the 2 500 MW of wind power the country
needs by 2010. That represents 80% of 
the targets assigned to Portugal by the 
European Directive on electricity from rene-
wable sources, » explains Rodriguez. Today, 
Portuguese wind farms account for close on
180 MW, and a number of projects are being
studied or are under construction. Siif Energia
Portugal, one of the four main investors in
the sector, alongside EDP, Enersis and Gen-
erg, should own the most important of these
Portuguese wind farms by the end of 2002,
with 90 MW of output installed. « Our aim is
for 600 MW by 2010. » A single figure will
suffice as a measure of the impact of these
new tariff measures: last January, at the first
of the three annual sessions to request 
information regarding connection to the net-
work, the total for wind power presented to
the Directorate General for Energy reached 
a level of 7 000 MW!

A surge of interest in wind energy

« That represents a surge of interest, even if
these are only “proposals for projects”. To the
point where you ask yourself, what would
happen if there were another session in
2002… », muses Rodriguez. All the more so
since, in addition to the tariffs for the pur-
chase of electricity, the Programa Opera-
cional de Economia (operational programme
for the economy) is authorising zero-rated
loans for wind-power projects where the sum
represents 40% of the total investment, repa-
yable only from the third year. A part of this
sum, up to 300 000 euro, is put up by the
State as written-off investment, favouring the
emergence of small-scale wind farms. The
new scale of tariffs is equally an essential pro-
vision for bringing electricity to sites in the
most exposed elevated areas, which often
involve interests relating to the countryside
and to the environment. « They are practi-
cally fully developed already, and licences to
build are very difficult to obtain, » confirms
Antônio Lima Teixeira.
The environmental impact assessment, which
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SOME 60 000 PORTUGUESE, IN RURAL AREAS, ARE

STILL LIVING WITHOUT ELECTRICITY. IN SANTANA

DA SERRA, IN THE SOUTH OF THE ALENTEJO

REGION OF PORTUGAL, A SMALL POWER GRID

USING WIND ENERGY AND SOLAR MODULES HAS

BEEN INSTALLED.

N
oemie and Diolinda are sitting
on a small and wobbly bench. 
It is five o’clock in the after-
noon, the time for sitting out in
the sun when it is most

pleasant, and to make plans for everything and
nothing, whilst looking out onto the slopes
which are still green at the start of Spring. 
In the distance, the roof of a small farmhouse
rises up, surrounded by a ring of eucalyptus
trees, cork-oaks and mimosas. The village 
of Santana da Serra, which is part of the com-
mune of Ourique, in the south of the Alentejo
region of Portugal, is an 11km walk along a
beaten earth track. « We still use the donkey, »
explain the two grandmothers, who were 
« born and bred here ». They willingly offer 
to show the « new fitting » in the house 
– « it’s my father’s house, » Noemie points
out. David, 95, comes to the doorway, follo-
wing his siesta. Alongside the door-frames in
the shack, there are new electrical switches,
and wires which run towards the ceiling. 
A washing-machine, a refrigerator – « we used

RENEWABLE ENERGY JOURNAL N°12  9

Electricity is
arriving in Santana

da Serra

Portugal

falls within the remit of the Ministry of the
Environment, is without doubt the most deli-
cate point in the process. It lasts for at least
one year, so as to evaluate the possible
effects of the site in all seasons, and particu-
larly on the bird population. This is then fol-
lowed by a public inquiry, where the local
population can give its opinion of the project.
For the wind farms at Do Cabril and Do Pin-
heiro, the residents in the neighbouring vil-
lages did not express any major objections.
The company held a number of information

David and his daughter Noemie watching television
thanks to the little renewable energy electric power
plant of Cismalhas. 

Digging a cable trench at 
the Do Cabril wind power plant.

> >
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above all, « a colour television », declares 
Noemie proudly, switching it on. David goes 
to look for the old petrol lamp which they
used in the house when he was young, which
he finds on a dresser. « You never know… »
And you never know what else there is to 
surprise you: on the roof, you find a small
solar panel still in place, a third of a metre
square, which used to enable them to run
seven lights in the house for a few hours a
day, “before”. 
Before the advent of electricity. It is not the
national grid. For that, you will have to wait 
a few years yet. But it is electrical current, day
and night – a revolution. Posts and electrical
cables lead off, disappearing behind a curve in
the ground. A few hundred metres from there,
at the summit of a nearby hill, they are
connected to a completely new array of solar
panels – nominal optimum power output 
21 kWp – aligned fully to the south, and two
wind turbines, each with a power of 15 kWp:
the electricity power station of Cismalhas. 
A bank of batteries, in a locked room, ensures
a self-sufficient supply for three days for the
local consumers connected up to it. Some 
distance away, along the slope, there are 
two similar installations, at Monte Sambro 
– 10.5 kWp of solar panels and a wind turbine
generating 25 kWp – and at Monte Corte
Coelho – 10.5 kWp of solar panels. Three 
independent mini networks, whose hybrid feed
system is sustained by emergency generator
sets each delivering 15 kilovolts-ampères in
the event of non-availability of the renewable
sources of energy. 
Since 26 September 2000, some 55 houses and
120 people have been experiencing an event
which they had been anticipating for decades:
electricity in the home, public street lighting,
automatic water pumping, for human and ani-
mal consumption, as well as irrigation of fifty
or so hectares of agricultural land. « We didn’t
believe it », confides Diolinda. To overcome
variations in production and also of consump-
tion liable to damage the equipment on a 
system of such reduced scale, a sophisticated
control device has been installed. Each home
is equipped with a meter which downloads
data every fifteen minutes on the family’s
energy consumption, using a computerised
system. Their total is compared with the 
available energy, based on the level of charge
on the batteries, on the wind-speed and on the
strength of the sun. Where necessary, the
controller can authorise a limit to the current
supplied to a consumer or to an item of equip-
ment, by downloading to that meter a ceiling
value above which the local circuit-breaker
will be triggered. On the basis of the meteoro-
logical forecasts, this central system similarly
downloads the ceiling values for the following
day. Each meter has a display indicating the

level of charge of the batteries at the power
station to which it is connected, in order to
assist in awareness of the situation and encou-
rage self-regulation in consumption. 
At some – as yet undetermined – point in time,
the three mini-networks are to be connected 
to the national grid. In the meantime, in the
commune, some 300 people are still waiting
for electricity, and around 60 000 across the
whole country – 0.6% of the population,
according to figures which date from 1995. 
It’s enough to make you blow your top, 
comments José Raul Santos, Mayor of Ourique
since 1994. « Electrification of these rural areas
has been a priority since I was first elected,
and I really believe that it will be achieved 
by 2005. But that task is down to the State! »
In 1994, he issued an appeal via the television,
as a kind of
challenge in the
hope of finding
offers of a solution.
It was an energy
consultant, Manuel
Ferreira Santos, who
suggested the system
which has been
adopted today. 
« It is a facility 
which is unique in
Portugal, » comments
Santos, « A pilot 
project which could
serve as a model for
many developing
countries. » 
The municipality
participated by contributing a quarter of the
total budget of 1.5 million euro, and similar
sums were obtained from the European Union
(under the Thermie Programme) and from the
national Programme Energia. The remaining
amount was borne by the construction compa-
nies involved (Sun Power and Vergnet), the
Energy Agency (Adene) and by Electricidade
do Portugal (EDP), the national electricity dis-
tribution company which owns the equipment
and is responsible for its maintenance. The
new “clients” don’t pay anything. « They are
not billed for use », confirms the Mayor. 
It is a reward which serves as a kind of act of
contrition by the public authorities, following
so many years spent by candlelight for the old
residents of Santana da Serra. It has come late
for them, « but the future, that is the new 
occupants who will buy their houses as second
homes – and why not? The advent of electricity
is a part of the struggle against desertification
in the region », argues José Raul Santos.•
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Noémie, Diolinda et David,
Santana da Serra.

>



RENEWABLE ENERGY JOURNAL N°12  11

R
E

P
O

R
T

Sewage plants are producing 
their own electricity

The São João da Talha sewage plant. The industrial and domestic waste
water and sewage of a population of 130 000 inhabitants of the city of

Loures, a suburb of Lisbon, have been collected here since 1997. The smell may
be unpleasant or offensive, but the purpose is a noble one: after a long process
and after having gone through many different basins, the brown-coloured fluid
has been rid of all its solid residues, its sands and its greases. It has been 
homogenised, decanted and oxygenated, before being returned to a state making
its release into the Tagus possible. The greyish paste collected at the end of the
chain is then spread in fields to serve as fertiliser. 

The organic sludge that comes from the decanting basins undergoes digestion 
by anaerobic bacteria which in turn produces biogas. In 1998, the plant's 
management decided to take advantage of this process bi-product, and equip-
ped the plant with a cogeneration unit instead of burning off this gas in a flare
stack. The biogas now supplies an adapted 140 electric kilowatt (kWe) capacity
diesel motor. «  In this way, we are able to cover between 30% and 50 % of the
plant's electrical requirements  », indicates the Manager, Ana Paula Teixeira. 
« The operation is very attractive economically because electricity is our biggest
expenditure cost, just behind personnel charges. » The heat produced by the
combustion is canalised in return to the digester in order to maintain its 
temperature at between 30°C and 35°C. « The composition of the gas, which
depends on the nature of the effluents, evolves permanently. It has to be analy-
sed in order to adjust operating parameters, and even shut down when the pro-
duction of biogas is insufficient  », explains Rui Serra, a Turbomar company
technician specialised in servicing this type of plant. Because the São João da
Talha sewage plant, a pioneer in the field, has now been emulated in several
other Portuguese cities such as Beirolas, Abrantes, Freixo, Almada, etc., and 
all the new sewage plants that are being put into service today include biogas
exploitation.
The installation's output performance is still far from being optimal, especially
in terms of biogas production. Because of this, a connection to the electrical
power grid, to one day sell possible excess electricity, is not yet on the agenda. 
«  The requirements of the EDP, the Portuguese national utility company, in
terms of production volume and regularity make it impossible for us to envisage
this today  », acknowledges Ana Paula Teixeira. « But with the liberalisation 
of the electricity market, the regulations could be relaxed… »

Portugal

meetings, « following the Mass, generally,
because that is the time when we can meet
the largest number of people. » The impact on
the countryside has not been a cause for rejec-
tion of a project. « People have had the assur-
ance that they could continue to use the site
for pasture, and that there was no risk of elec-
trocution for the animals. »
The land for the wind farms at Do Cabril and
Do Pinheiro, situated in the communes of Cin-
fães and Castro Daire, was leased by Éolica da
Cabreira from 1997 onwards, at the rate of
approximately 3 000 euro per installed MW
per year. These are lands owned by the local
communities, whose statute is governed by a
specific Portuguese law (Lei dos bauldios),
which ascribes management of the land to a
local councillor nominated by a general

assembly of the
residents. Siif has
inaugurated a po-
licy of partnership
with local autho-
rities in Portugal,
proposing that
the municipalities
become 15 share-
holders in the
company which is
the ad hoc owner
of the wind farm. 
« Entering into a
participation is
the guarantee of
a good collabora-
tion », explains
Lima Teixeira, 

« whether you are talking about interven-
tions, the various authorisations, etc. And
then, with the new tariffs, a return on the
investment can be achieved within six years.
This offers the prospect of revenue for the
communes. »
Obstacles to the development of Portuguese
wind farms could come from a direction other
than that of opposition by defenders of the
natural environment or of a freeze imposed by
the municipalities. In fact, the sudden bur-
geoning of production capacities of several
hundreds of megawatts per year is proving an
embarrassment above all to the network for
transport and distribution of electricity, the
failings of which are forcing a limit to be
imposed on the extension of wind farms in
some areas. This is the case for the wind farm
at Do Pinheiro and its neighbour at Do Cabril,
which are linked to the interconnection point
to the network using a 60 kV line. « Streng-
thening the power lines is a vital issue, »
Àlvaro Rodriguez believes. « But EDP and
REN, who in the recent past have been highly
reticent when it comes to renewable energies,
are now collaborating actively on this issue.
We should get there. »•

The Cismalhas power plant,
lost in the hills of the region
of Santana da Serra: two 
15 kW wind turbines and 
21 kWp of solar panels.

The sludge of the São João 
da Talha sewage purification
plant in the suburbs of Lisbon
produces biogas that supplies 
a cogeneration unit.
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Heating 
from pine

cones

In the Alcácer do Sal region, it is known as “white gold”: the pine kernel, a small and fla-
voursome almond nestling in a shell in the deep recesses in the scales of pine cones, 

« and which Americans love to slip into a glass of whisky », adds João Caetano, techni-
cian at the Fábrica de pinhão Rosa, one of the main shelling businesses in the town. The
microclimate of Alcácer do Sal, highly favourable for growing maritime pines, has turned
the industry to extract pine kernels into a local speciality famous throughout Portugal. If
the kernels themselves take the export route, the waste products from this commercial
exploitation — pine kernel shells and the pine-cones — constitute a by-product which for
a long time has enjoyed an established regional market: this biomass is an excellent fuel
for domestic stoves.
As a result, when the town decided to build a municipal swimming pool, Carlos Pedroso,
the Director of the Department of Works and Services, naturally thought to make use of
this fuel. « Its calorific value is greater than that of any ligneous matter. And it has a fur-
ther advantage: its granular form makes it ideally suited for an automatic feed system to
the boiler, using an endless screw. » And it is cheap: 25 euro per tonne. But the microcli-
mate of Alcácer do Sal is marked above all by generous amounts of sun. Accordingly, a
mixed system delivers the heating for the swimming pool: 120 m2 of solar panels, aligned
fully to the south and with a power of 200 thermal kilowatts (kWth), together with a
pine cone boiler, similarly with a power of 200 kWth. « In summer, the sun is shining
down from 8 am onwards, through to 9 pm », points out Otávio Madeira, who is res-
ponsible for maintenance at the swimming pool. « By the time we open, at 9 am, the
500 m3 of the pool is already at 24°C. » The boiler, which is on standby during the day,
takes over at night to prevent the temperature from dropping. « Some days in summer,
the water temperature can go up as high as 34°C ! If it goes above that, I switch off the
de-humidifier in the building to accelerate heat evacuation. »

The swimming pool came into service in winter 1998. Several weeks later, there was
an unfortunate incident: a gas explosion in the boiler! The cause of the problem was

quickly diagnosed: it was deposits of silica, a troublesome residue from burning a mate-
rial rich in resin and sand (1), which blocks the jets. For the boiler constructor, the use of
this biomass was a first. « But not for us », comments Otávio Madeira. « There are stoves
which burn pine cone scales in practically all the houses around here. » And it was Otá-
vio Madeira who invented the solution: a fan positioned above the body of the boiler to
prevent the formation of mineral deposit. « I had the honour of presenting my solution
to a gathering of twelve engineers! » he adds, with pride. Since then, the boiler has been
working perfectly. « Through observation and by making slight adjustments (to the auto-
matic mechanisms during stand-by periods, to regulate the burner, and even switching
off the computer control mechanism!), he has succeeded in optimising the system. »
Today, we burn two tonnes of pine cones a week, three times less than at the start, ave-
raged over the year. « The burning of pine cone scales supplies an average of 60% of the
heat to the swimming pool, and the solar panels 40%. A small oil-fired boiler has, 
of course, also been provided, just in case… It has got a tank which holds 1 500 litres of
fuel. It hasn’t been touched in two years. »

Alcácer do Sal, which is the second largest township in the country, has allowed other
facilities to take advantage of its ground-breaking experience: another swimming

pool, in the village of Torrão, possesses an identical system, and the cultural centre of the
castle at Carasqueira is heated using solar panels and a small boiler which burns wood
shavings, which come from forest management.•

The township of Alcácer 
do Sal, situated in the

region which extends along
a section of the South-

Western coast of Portugal,
has taken advantage of two

local resources, the sun 
and pin cones, 

to heat a municipal 
swimming pool.

R
E

P
O

R
T

(1) The sand accumulates during the different ope-
rations to which the pine cones are subjected. 

Portugal

The water of the Alcacer do Sal swimming pool is heated by means of solar collectors (left)
and a boiler that burns pine cone chips (center), residue of the principal regional industry,
the husking of pine nuts (right).



The nine islands of the far-
away Azores — located in
the middle of the Atlantic
Ocean at 1 300 km from
mainland Portugal and 
3 750 km from the American
continent — possess a very
favourable renewable
energies potential, particu-
larly for production of
electricity. These resources
are very important and
valuable for an archipelago
that is much too distant
from any coastline in order 
to be hooked up to a conti-
nental electricity grid. 

T he Azores, located on the Middle
Atlantic Ridge that separates the

African, Eurasian and American tec-
tonic plates, are islands with very
high volcanic activity. About thirty
years ago, geothermal prospecting
drilling revealed that very hot
steam, often at temperatures of
more than 200 °C, was present at a
depth of one thousand meters,
favourable for generating electricity.
The Pico Vermelho power plant, the
archipelago's first geothermal elec-
tric plant (3 MWe), was started up
in 1980 on the island of São Miguel.
It has been rejoined since 1994 
by the Ribeiro Grande power plant,
whose capacity was increased to 
13 MW in 2000, and which has a well
in order to re-inject the geothermal

by great depths. The force and ener-
gy of the series of waves coming
from the West, which have travelled
thousands of kilometers without
having encountering any obstacle at
all, is therefore only little lost as
they approach the archipelago. The
sometimes very jagged coastlines
offer small natural coves with verti-
cal basalt rock faces where the
waves rush in violently. A 0.4 MW
capacity wave power plant has been
installed inside one of these little
coves, on the West coast of the
island of Pico. This prototype was
manufactured by the Scottish firm
Wavegen. The average power of the
waves reaches 30 kilowatts per
meter (kW/m), and up to 65 kW/m
during storms, for a maximum wave
peak of 7.5 meters. The first tests
began in August 1999, and since
then the power plant has been con-
tributing in supplying the island
with electricity, and this despite two
serious floods that caused long-term
damages. All of the information and
lessons learned from measurement
campaigns could lead then to a com-
mercially exploitable model.•
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fluid back into the ground after 
having been used. In 2001, these
two power plants furnished 35% of
the island's needs in electricity, as
well as 19% of all those of all of the
archipelago. 
The studies show that all the
islands, with the exception of Santa
Maria, have enough geothermal
potential to be able to amply pro-
vide for their needs in electricity,
despite the fact that these needs
have been strongly increasing from
5% to 8% per year. The most eco-
nomical solution, however, would
be to increase the capacity of the
Pico Vermelho plant up to 8 MWe 
by the end of  2004, to construct a
12 MWe power plant on the island
of Terceira between now and 2005,
and to install electric cables to sup-
ply three of the other, less populated
islands. Geothermal energy could
then cover 38% of the needs in elec-
tricity of the Azores.
The other renewable source for elec-
tricity in the Azores are waves.
These islands, which rise up in the
middle of the ocean, do not have a
continental shelf and are surrounded

THE AZORES: VOLCANOES 
AND ABYSSAL DEPTHS

Portugal
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The Caldeira Velha (left) and Furnas hot springs. The Azores are active
volcanic islands, favourable for exploitation of geothermal energy.
Below, the CL3 well of the Ribeira Grande power plant on the island 
of São Miguel, with 13 MW electrical capacity.



REJ: The energy independence of the
European Union is the object of
growing concerns. Are renewable ener-
gies taken sufficiently seriously in the
scenarios for energy provision? 

François Lamoureux: The contribution made
by renewable energies is currently very limited
in the overall balance sheet for energy provi-
sion in the EU. Despite this, the Member
States have committed themselves to not
inconsiderable targets, which are unprece-
dented in global terms and markedly more
substantial than in Japan or the United States,
for example. The “Green Energy” Directive
passed last year imposes a requirement on
them to produce 22% of electricity from
renewable sources by 2010. It is now up to
them to play ball. The Commission, for its
part, will undertake to remind them of their
commitments. An important evaluation will
take place in 2005, with the realisation of an
interim report on the situation. If necessary,
the text of the Directive envisages the possi-
bility of the Commission harmonising the sys-
tem of green certificates, to establish a
Community market in “green” electricity (1).

In addition to this, there is a proposal for a
Directive in preparation which is seeking to

facilitate the generation of electricity by high-
quality co-generation units, and which should
equally contribute to better usage of biomass.
In my opinion, therefore, there is no reason to
think that the objective for green electricity
could not be achieved. Besides, we have no
choice over the matter. Alongside nuclear
energy, renewable energies are the only
endogenous resources which we can count 
on to limit our energy dependence and to
meet our obligations in respect of the Kyoto
Agreement on limitation of greenhouse gas
emissions.

Beyond electricity, which only consti-
tutes a secondary share in the EU’s
energy consumption, won’t the objec-
tive of meeting 12 % of total consump-
tion through renewable energies
between now and 2010 be difficult to
achieve when demand is growing
incessantly?

If you extrapolate on the basis of current
trends, I would agree. The relative share of
renewable energies will only achieve the 12%
level if there is serious moderation of global
consumption.
In the area of buildings, which account for
40% of total energy consumption, a Directive
is set to be definitively adopted by the Coun-
cil of Ministers and the Parliament in June, to
come into force at the latest in 2005. It will
impose energy-saving conditions on newly-
constructed buildings or for redevelopment
work, and will bring about significant changes
in everyone’s daily life. Regulations will gov-
ern the characteristics of windows, the choice
of materials, the display of energy consump-
tion information for buildings, etc. This Direc-
tive will also give added weight to the use of
solar energy for heating and electricity gener-
ation. These voluntary measures have earned
us some reproaches from certain Member
States, which are of the opinion that we are
acting against the principle of subsidiarity
which establishes that national State initia-
tives should take precedence over those of
the Commission wherever possible. One of
the contentious points in the Directive, but a
point on which we have made no conces-
sions, concerns the obligatory and regulatory
control over energy consumption by commu-
nal heating plants and water-heaters. 
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« The objective for green electricity 
should and will 

François Lamoureux is 
Director-General of 
the Directorate General
for Energy and Transport
at the European Commis-
sion. Whilst he considers
that the various Directives
aimed at developing
renewable energies should
make it possible to uphold
the targets to which the
Member States have com-
mitted themselves for
2010, he is however
alarmed at their passivity
in the face of the explo-
sion in road transport. 
In preparing for the 
Johannesburg Summit on
sustainable development
next August, he believes
that it is vital in future to
link aid to developing
countries to consideration
for clean energies.

(1) In the countries where
electricity utilities have an
obligation to produce a cer-
tain amount of electricity
from renewable sources, they
have the option of producing
it themselves or buying a
“green certificate” which is
supplied to the “green” 
electricity producers.
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And in the area of transport?

That is the other sector which is a major
energy consumer, since it constitutes 32% of
total consumption. The situation is more deli-
cate because the professionals in this field are
very sensitive to any fiscal measure which
might increase the costs of fossil fuels. Mem-
ber States retreat when a popular movement
starts to blockade the roads. What have we
found over recent years? When the price of a
barrel of crude oil soars, the tax levied on
petroleum products is lightened. And when
the price falls, the tax does not return to its
earlier level! Since 1997, the Commission has
urged the Ministers, at all Council meetings
dedicated to energy issues, to commit to the
path of tax harmonisation on fuels – with no
success. Road transport continues to gain
market share on a daily basis over rail. Today,
only 8% of the tonnage of goods is trans-
ported by rail in the EU, compared to 40% in
the United States.
Amongst the initiatives which have already
been undertaken, there is promotion of rail
and short-haul waterway and maritime trans-
ports. A 2001 Directive, which will begin to
apply in 2003, will open up a large tranche of
access to national rail networks to Commu-
nity competition. Any rail company can theo-
retically carry freight between all Member
States. With regard to the alternatives to fos-
sil fuels, we have put forward an important
proposal for a Directive to the Council and
the Parliament. It seeks to encourage the mar-
ket penetration of bio-fuels, the market share
for which should be close to 2% in 2005 and
reach 6% in 2010.
I have no reason to think that this new collec-
tion of Regulations and Directives will not
have a significant effect. We can also hope
for a reduction in energy consumption of the
order of 10% until 2010, if the texts of these
documents are applied correctly.

Do you think that the Member States
are now prepared to apply a
genuinely European policy in favour
of renewable energies?

The capacity of the Commission to make pro-
posals and to act as a spur are no longer
called into question. Today, every official dis-
course is favourable to renewable energies.

And we are no longer operating just on the
level of well-meaning encouragement. With
all the Directives currently being developed,
the European Union is accepting self-imposed
targets which act as constraints, methods of
control, and mechanisms for sanctions which
include legal prosecution in the event of vio-
lations. The great uncertainty is the period
2005-2010. Within this time-frame, it is no
longer possible to make any major moves.
Will Member States have made sufficiently
rapid advances towards the target? What
practical measures will they have taken? 
The pressures from elements in society which
are in favour of renewable energies — associa-
tions, professionals, etc. — will be useful. I am
struck to see growing support for renewable
energies in public opinion, even in the media. 

Does the intervention by the public
authorities seem to you to be
sufficient to ensure a substantial
development in renewable energies?

The Green Book on energy is completely clear
on this point: not only has the principle of
state aid been adopted, but it is explicitly
stated that the development of renewable
energies should be financed by the fossil fuels
sector and the nuclear sector. For making use
solely of market mechanisms will not allow
these energies to be disseminated as widely
as their potential might allow, and model suc-
cesses such as that of Denmark will remain
isolated. It should not be forgotten that 
no energy source, whether carbon-based,
petroleum-based or nuclear, has ever been 
developed without the
determined support of
the public authorities.
The reticence of the
European Commission
as a whole, in principle,
is well-known when it
comes to aid by Mem-
ber States, in particular
if it relates to “func-
tional” items. In respect
of renewable energies,
however, together with
our colleagues in the
Directorate General for
Competition we have
arrived at a position of
securing acceptance of the existence of public
aid mechanisms favouring aid for renewable
energies for a period limited a priori to five
years. Dissenting voices, which once threa-
tened certain provisions such as the support
by the German state for production of green
electricity, are now consigned definitively to
the past.
Elsewhere, different support programmes run
by the Commission — the research framework
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  be achieved »

« I have no reason to 
think that this new collec-
tion of Regulations and
Directives will not have 
a significant effect. 
We can also hope for 
a reduction in energy 
consumption of the order
of 10% until 2010, if the
texts of these documents
are applied correctly. »
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mes, etc. – co-finance the development of
leading technologies for renewable energies.

As the period of reckoning for the
Kyoto Agreement draws nearer for 
the countries of the European Union,
we are again hearing more talk about
nuclear energy. What place is there
for this disputed source of energy? 

When it comes to the reduction in carbon gas
emissions, the growth in renewable energies
will not be enough, and neither will the
efforts to regulate consumption be adequate,
as these are completely overshadowed by the
rapid growth in emissions from the transport
sector. You have to take a realistic approach:
in the current context, the question of nuclear
energy is an inevitable one. 

Energy issues will be addressed at the
summit on sustainable development
in Johannesburg next August. What
place does the European Commission
envisage defending for renewable
energies in developing countries?

Our hope is that the developing countries do
not commit the same mistakes as us. We will
work to see them adopting renewable ener-
gies, as far as possible. Energy choices require
heavy investment, and we are doing a disser-
vice to them if we favour petroleum or gas
excessively. Above all, we hope that they do
not commit themselves to the model of
energy consumption which is familiar to us.
Paradoxically, these countries are extremely
unaware of this issue, and they practically
never have programmes in place for mana-
ging energy demand. 

What means does the European Union
possess to assert its position? 

Europe is the leading global contributor to
development aid. The granting of this aid
should be linked to the taking into account of
renewable energies in the programmes sub-
mitted for financing from the European
Union. Developing countries, but also the
countries which are very shortly to join the
fifteen Member States, are currently exhibi-
ting little demand in this sector. The Commis-
sion will push Member States, the Council of
Ministers and the European Parliament to
adopt the principle of establishing a certain
link between aid and the development of
renewable energies.•
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Ken insists on going to the kit-
chen to make the coffee. Lívia

explains: « From 9 am to 7 pm, we
are business partners. After that, we
are husband and wife. » It is a theo-
retical divide. They play at debating
the differences in their points of
view, which are never very profound
in any case, but always in a tone of
complicity. She is an architect, com-
ing from a family of industrialists 
« who work in polystyrene, which is
an important detail, as you will see »,

adds Ken. In their company, Tirone
Nunes Urbanismo, he is the engi-
neer, the manager, responsible for
running the business. He is British
and speaks Portuguese. She is Por-
tuguese, and studied and lived in
England for nine years. Personal
convictions play a driving role in
their career and in the destiny of
their company.  In 1990, they deci-
ded to commit themselves to work-
ing on bioclimatic architecture. « At
that time, we began to advertise for
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Bioclimatic 
appointement in Lisbon
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Lívia Tirone and Ken Nunes are pioneers 
in bioclimatic architecture in Portugal. 
Their ideas are beginning to enjoy a degree
of resonance, notably in urban contexts.

View of the Vasco da
Gama bridge, from the
apartment of Livia
Tirone and Ken Nunes,
on the top floor of 
the Torre Verde, 
the first bioclimatic
building in Lisbon.



our projects, and we noticed that we
were the only people in the field, »
Ken recalls. The business, which
they set up themselves, is both the
developer and the architect’s office
for their projects. « We made that
choice to retain our independence, to
be able to see our ideas right through
to the end », Lívia emphasizes, revea-
ling a fierce attachment to this
approach. « And who better than
ourselves to explain exactly what we
are seeking to achieve, and to sell the
apartments and houses which we
design? »

FROM SOME MISTAKES AT 
THE BEGINNING...

It was an almost egocentric adven-
ture at the outset for the Tirone
Nunes team, which rapidly came up
against the local realities. « In Portu-
gal, houses are not kitted out with
insulation. In building projects, the
energy question is often a very sec-
ondary issue. And on top of that,
with our bioclimatic architecture, it
would be fair to say that we hardly
generated any interest at the start.
We sold nothing at all for a certain
time, to be honest, » Ken admits. 
« With interest rates rising to a peak
ten years ago at 27.5% for the loans
we had taken out to invest in our
projects… »
The situation was exacerbated by
the fact that the couple were pitch-
ing themselves at the luxury end of
the market. A first development of
six villas (“Jade”) in the village of
Nafarros west of Lisbon struggled to
find buyers. « We thought that the
solution lay in the design. But we

were quite wrong: it was too expen-
sive and clients were put off by the
scale of the rooms, which were too
large for their tastes. Effectively, we
were designing for ourselves. That
was a big mistake… »
They went through some lean times.
By having ignored the first rule of
the market, the company set up in
1989 could have failed. « But we lear-
ned the lesson. What you make must
reflect what people need. » The ease
with which they can acknowledge
past mistakes reveals, by contrast,
the period of good fortune which the
two partners are now enjoying. « We
are starting to breathe more easily.
We can say that we have created the
market in bioclimatic architecture in
Portugal. And Lívia is a respected
professional », Ken summarises.

... TO SUCCESSFULL RESULTS

A glimpse into their private life: for
several weeks, now that the lawns at
its feet have been finished, the apart-
ment where they live in Lisbon has
been profiting fully from its incom-
parable location. It is a twelve-storey
tower, one of the first accommoda-
tion complexes in the Park of
Nations which was home to World
Expo in 1998. Built at the extreme
northern end of the site, it enjoys a
spectacular view of the clean lines of
the massive Vasco de Gama bridge,
whose profile is softened by the
mists rising up from the Tagus. The
Torre Verde, the “green tower”, was
built by Tirone Nunes, and the cou-
ple live in a highly desirable pent-
house duplex. The first bioclimatic
building in Portugal, this building of

41 apartments was completed in
1998, and has been the recipient of a
number of prizes. « Now, we want to
apply our ideas in an urban context »,
Lívia explains. They stick to several
simple rules. Firstly, the orientation
of the windows — which are double-
glazed. Ideally the windows are
south-facing, naturally, as « that
allows us to meet 30% of the heating
requirement », but that is not always
the case. « In a city, you can’t always
choose how the buildings are ori-
ented. We also construct east-facing
and west-facing buildings - but never
north-facing. » Next comes a careful
dimensioning of the windows to pro-
vide for direct sunlight into the
apartment. Balconies and shutters,
with horizontal panels to the South
and vertical panels to the West,
make it possible to regulate the
amount of heat let in, whilst limiting
loss of light.

A 80% REDUCTION IN ENERGY 
CONSUMPTION

Following that, certain sections of
the walls are built as Trombe walls,
which act discreetly as radiators in
winter. To the exterior, they have a
black surface covered in glass, like a
solar collector. The heat stored in
the Trombe wall is given out into the
interior of the apartment. But all
that would be insufficient without
thermal insulation of the building. 
« It is as if the building were wrap-
ped up in a continuous envelope,
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Trombe wall

Balcony, for shade

Double glazed window

Continuous external insulation

Layer of acoustic insulation

Simulation of periods of sunshine (summer
on top, and winter on the bottom), intended
for sizing the windows of a habitation.



recorded revealed that the two
parameters kept within the limits of
what is termed the “comfort zone”,
commonly used as a point of refer-
ence in the construction sector. « The
conclusion: for our latitudes, we do

not need central heating », is
how Lívia Tirone translates
the findings. « If the building
is correctly aligned and
makes use of the adapted

architecture, the issue of air-
conditioning can be solved. »

The two partners estimate the
reduction in energy consumption
which bioclimatic architecture makes
possible in buildings in Mediter-
ranean countries at 80%. In fact, the
Torre Verde makes no show of
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which regulates thermal variations
considerably. » The secret? « Polysty-
rene… Sandwiched on the inside of
the wall, it provides significant ther-
mal stability for the building. And it
is cheap. » Particular care has been
taken over sound insulation,
and some areas have been
reserved on different levels
for small gardens to increase
the attractiveness of the
building’s appearance and to
promote social interaction. For
a full year, between 2000 and 2001,
Tirone Nunes monitored the trends
in temperature and humidity in
three apartments in the Tower, all of
which were let. Without any use of
heating equipment, the details >
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NSome bioclimatic realisations made by 

the Tirone Nunes Agency: the Torre Verde 
in Lisbon and (right): detail of vertical 

shutters on a western face; 
the Quinta Verde housing estate 

(90 apartments in the village of Nafarros,
near Lisbon); Edifício D.João II project 

(Lisbon); the Jade housing development 
(6 houses in Nafarros); landing stage 

of the 1998 Lisbon World Fair. 



renewable energy generators. Some
solar collectors on the roof serve as
back-up to a traditional central heat-
ing system, in part thanks to Euro-
pean funding (Thermie Programme,
in 1996). « But such equipment
remains expensive. Generally, we
prefer to use materials and technolo-
gies adapted to the Mediterranean
climate and readily available in Por-
tugal. In that way — and this is a
philosophy for our company — our
apartments are not more expensive
than their traditional equivalents in
the same category, aimed at a clien-
tele drawn from the middle and
upper classes. Our aim is to spread
our practices as widely as possible. It
is the mass market which interests us »,
explains Ken. « But we are already
thinking about our next challenge »,
adds Lívia. « It is to assert the con-
cept of “sustainable building”, where
account is taken of the environmen-
tal impact of the materials and their
recycling, once the building is fi-
nished with. That will take twenty
years. »
Fifty metres from the Torre Verde, the
Torre Sul – the South Tower – rises
up, and is practically completed. 
A sister building, similarly with
twelve storeys, it is the second biocli-
matic building in a group of five
which should all be built between
now and 2005. In the midst of teams
of tilers and painters, Lívia Tirone
describes the apartments, which
number 56. « There are 20 different
models, from a studio to a large
duplex, in order to ensure that there
is a good mix of residents. » All the
kitchens have a large opening for
passing items through to the dining-
room. Livia views this as a radical
gesture. « Portuguese women are too
often confined to the kitchen. In this
way, the woman is no longer cut off
from the social life of the apartment. »
All the properties have already been
sold in the Torre Sud several weeks
before building is completed. « 60%
of the owners are members or friends
of families living in the Torre Verde »,
Lívia points out, with the smile of
someone who has been totally vindi-
cated.•
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V
ärnamo lies 60 kilometres to
the north of the Swedish town
of Växjö, on an immense
esplanade crowned by great

mountains of sawdust. These are in a
light beige colour, a dark brown, black,
or grey, depending on the source mate-
rial. Small diggers regularly supply the
feed line to a processing factory for
wood waste. The dried wood which it
produces are sold to be burned in bio-
mass boilers. Forestry is the major eco-
nomic activity of the region, and the
market for its by-products is highly
dynamic. In one corner of the
esplanade is a tall building, which now
stands silent. It is a Biomass Integrated
Gasification Combined Cycle (BIGCC)
electricity power station (see insert). 
In the reaction vessel, beneath the
frame of open-worked sheet metal
which rises up to a height of some 
35 metres, all kinds of biomass waste
products are turned into gas. This gas
feeds a gas turbine and a steam turbine
— the combined cycle — which produce
the electricity. 
The interesting features of this technol-
ogy are energy conversion with a yield
unparalleled amongst the technologies
exploiting biomass, great flexibility with
regard to the type of fuel, and low lev-
els of emissions. The original feature of
this plant is  that the production chain
is totally integrated, from the supply of
biomass through to electricity produc-
tion. Värnamo was a demonstration

prototype, unique in the world, which
operated from June 1993 until October
1999, when it was mothballed. 

A CONVINCING PROTOTYPE

With a power output of 6 megawatts
electricity (MWe) and 9 MW thermal
(MWth), the power station was not set
up with commercial objectives in mind,
although it delivered its electricity to
the national grid; its purpose was to
explore the limits of the process, with 
a view to the later development of
operational models destined for the
market. « The technology has been
around for a long time, but it is the first
time that an attempt has been made to
integrate all the functions on such 
a scale, and with a system fed by a syn-
thetic gas derived from biomass, »
points out Krister Ståhl, the former pro-
ject leader at the Värnamo power sta-
tion, and now a consultant for the
Swedish company Sydkraft, the second-
largest energy company in the country
and co-owner of the process with the
construction company Foster Wheeler,
via the joint venture Bioflow. 
In six years rich in experimentation, the
gasification unit is recorded to have
operated for 8 500 hours, and the
entire power station produced electric-
ity for more than 3 600 hours. During
its final year of operations, the power
station experienced practically no 
stoppages which where not scheduled

shut-downs. The multiple testing sequences
allowed for trials of a wide variety of
fuels — wood shavings, short rotation
willow coppices, straw, bark, refuse
derived fuel, etc. « They all worked
well, even the fuels which were difficult
to use in other processes, notably those
which produce a lot of alkali, » stresses
Ståhl. « However, in Sweden we must
take into account a very important dis-
criminating factor, which is the compo-
sition of the smoke produced. We have
very strict  anti-pollution standards. »
In particular, Swedish industrial compa-
nies are obliged to measure the level 
of nitrogen oxide (NOx) being emitted
from their chimneys. « They pay a fee
of around 40 Swedish Krone (1) per kilo-
gram of NOx emitted, and these sums
are later redistributed to the industrial
companies which are the least pollu-
ting. It is a mechanism which provides
a great incentive. » The results from the
Värnamo power station are not very
good on this point. « Emissions of NOx
lied between 50 and 150 parts per mil-
lion by volume (ppmv), and is highly
dependent on the Nitrogen content in
the fuel. Nevertheless, we have tested
new technologies that are promissing,
e.g. selective catalytic oxidation of
Amonia. » Emissions of sulphur oxides
(between 5 and 15 ppmv) and of 
carbon monoxide (between 40 and 
200 ppmv), although not critically high,
can similarly be reduced. Emissions 
of hydrocarbons and of dusts were at
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Transforming biomass into gas at high tempe-
rature to feed gas and steam turbines makes it
possible to produce electricity with a yield twice
as good as that from any other thermal process.
The technology is just coming on-stream. A visit 
to the power station at Värnamo in Sweden and to
the Eggborough “Arbre” station in England.
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The experimental biomass 
gasification plant of Värnamo,
which is shut down today, 
is installed on the site of a waste
wood conditioning plant from
which it gets its fuel.



very low levels. One particularly
interesting finding is that, thanks to the
high temperature combustion, emis-
sions of heavy metals and dioxins are
practically zero, even for fuels rich in
chlorine, as is the case for certain
wastes. What will become of the power
station at Värnamo? Several options are
being considered, including prolonging
experimentation to define the limits of
the process more reliably. It could also
be converted into a production unit for
a highly promising liquid bio-fuels,
dimethyl ether — DME Methanol or
fisher tropsch oils, derived from gasifi-
cation of biomass — several companies
have expressed interest in this (see
Renewable Energy Journal 11). 

PRECIOUS DATA FOR
DEVELOPMENT OF THE SECTOR 

The significant volume of data collected
over these six years of experimentation
has provided precious information
about a technology which is still almost
unknown. The data will be used in
developing the technology. Sydkraft has
carried out numerous studies to deve-
lop commercial units. These could be
adapted to suit local demand, as
medium-scale combined heat and
power plants (CHP) or to be located on
industrial sites. More generally, this
high-performance technology is attract-
ing interest from many countries seek-
ing to exploit their biomass for energy
purposes, and Bioflow is currently look-
ing for a client to move to the stage of
a full scale demonstration.
« For this type of installation, which is
expensive in terms of investment, prof-
itability ranges from 20 MWe — to
achieve critical size — to 80 MWe, a
power level above which one starts to
encounter problems with supply to the
system, » reckons Ståhl. « Of course,

the electricity market is a key factor.
Today, in Sweden as elsewhere,  this
technology is generally not competitive
enough to attract investors. The use of
biomass rather than fossil fuels for gasi-
fication remains disadvantageous in
economic terms, and producing elec-
tricity with this type of renewable
energy is not subsidised in the same
way as, say, wind power. » However,
there is currently one BIGCC power sta-
tion which has been operating since last
January, under commercial manage-
ment. It is the first of its kind in Europe.
It is in England, at Eggborough, a few
kilometres east of Leeds. The 10 MWe
“Arbre” (Arable biomass renewable
energy) power station is acting as a
standard-bearer. It is surrounded by
fields of rape, as if in affirmation of its
semi-agricultural vocation, apart from
on its eastward side where it is faced by
a dinosaur from the ancient past: the
coal-fired Eggborough power station,
producing two gigawatts of electrical
power (GWe), with eight enormous
cooling towers. A vein of coal has led to
other such stations springing up across
the region, including the one at Drax,
with 4 GWe output, the largest in
Europe. Arbre requires 43 000 tonnes
of dried matter per year, or twelve
trucks a day. England is not like Swe-
den, and only 4% of its land is given
over to forestry, which is the smallest
proportion in Europe: whilst the Arbre
gasification unit is mainly fed by waste
products from forestry exploitation 
(by-products which are not greatly com-
mercialised in the UK), a third of its fuel
comes from plantations of short rota-
tion willow coppices. This is one of the
new features of this power station: The
involvement of local farmers in this pro-
ject had to be organised a long way
ahead. « We started in 1996, with
some farms. It took time to convince

them… », relates Keith Pitcher, Strategic
Development Manager with First Rene-
wables, the company which owns and
runs Arbre.

SHORT ROTATION COPPICES: 
A NEW DEVELOPMENT WHICH 
IS ATTRACTIVE TO FARMERS

Amongst the local “opinion leaders”,
the operation has a precious ally in 
Ben Gill, President of the National Farm-
ers Union (NFU). The more resolute
supporters carried the day over the hes-
itancy of the sceptics. « We established
demonstration  plantations. When they
saw that the saplings were growing by
two centimetres a day in summer, they
were impressed, and we started to get
interested telephone calls », recalls
Pitcher. Around fifty farmers, spread
over a radius of 70 kilometres, are now
under contract with the company to
grow willow, on a total surface area of
1 500 hectares. The varieties have been
carefully selected for their tolerance of
poor quality soils and the speed of
growth of their shoots, growing straight
and in profusion and sprouting from the
foot of the stump, which makes cutting
easier. First Renewables arranges for the
planting and the harvest — a third of
the coppices are cut every three years —
and the cutting up of the branches into
small chips around three centimetres in
length. « The calibre of the chips is vital
for the proper functioning of the
process. For that we use a machine
which is unique in the world, a modified
sugar cane reaper. » In return, the farmers
undertake to reserve a certain number
of hectares for planting the willow 
coppices, to dry the chips (the humidity
level should drop from over 50% 
to under 30%) and to store them until
the “Arbre” trucks call, depending on 
the requirements of the power station.
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To supply the Arbre
biomass gasification
power plant in Eng-
land, copses of fast-
growing willow trees
were planted (center).
Pruned and cut back
every three years,
they are stored and
dried in the form of
chips by the farmers
who produced them,
before a lorry delivers
them as requested to
the power plant.
Left: The Värnamo
power plant. 



« The farmers, for whom this new
development represents an interesting
type of diversification, especially in the
wake of mad cow disease and the foot-
and-mouth outbreak, have signed a 
fifteen-year contract, » explains Peter
Fardy, Arbre Business Programme
Developer for First Renewables. « When
growing a crop which only begins to
yield a return after three years, the
essential thing was to guarantee them
long-term stability. To compensate for
this delayed return, the farmers also
receive a pre-payment. » They have also
taken this step thanks to a programme
of subsidies (Energy Crops Scheme UK)
from the Department for the Environ-
ment, Food and Rural Affairs (Defra),
put in place to encourage conversion of
certain areas of land to grow energy
crops, amounting to between 920 and
1 600 pounds per hectare (2), and
aimed at the planting of either short
rotation coppices (willow or poplar) or
miscanthus (a grass which comes from
the Tropics). The programme is currently
limited to 25 000 hectares across 
England and Wales.

A FARMING POLICY AND 
AN ENERGY POLICY FAVOURABLE 
TO BIOMASS

After six months of operations, the
power station is giving full satisfaction.
« We are currently looking to improve
general efficiency, » comments Pitcher.
« We are also reckoning on increasing
the yields from the energy crops, over
time, thanks to agronomic research. »
First Renewables, which owns three
wind farms in Yorkshire (generating
around 30 MW in total), has neverthe-
less opted to specialise in the produc-
tion of electricity from biomass, a
sector which today is less attractive
than wind energy, in view of the lack
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THE LAUNCH OF 
A PROMISING TECHNOLOGY

Gasification consists in producing a gas fuel from wood, from various

types of biomass or from organic waste. Once its moisture contents

drops to 10% to 20%, the material is introduced into a reaction vessel

which is run at a temperature typically kept between 800 and 1 000 °C (950 °C

at Värnamo, 850 °C at Arbre), and in the presence of air, under a pressure which

can vary between one atmosphere (the process employed by the Swedish com-

pany TPS for Arbre) and several atmospheres (18 bars for the Sydkraft process at

Värnamo). Following a series of complex chemical reactions, the biomass

decomposes under the effects of the heat, forming a mixed synthetic gas 

— mainly comprising carbon monoxide (CO), hydrogen (H2) and methane (CH4) —

with a total calorific value of between 5 et 6 megajoules per cubic metre (MJ/m3).

By contrast with “rich” gas, which is obtained by performing gasification in the

presence of oxygen and is reserved for the production of synthetic hydrocarbons

such as DME (see above), the gas from gasification in air is called “poor”.

It can be burned directly in a traditional boiler to produce heat as a complement

to another main fuel. This type of application has been developed in units pro-

ducing several tens of megawatts thermal (MWth) in Austria, Finland, the

Netherlands or the United States, and has proven to be competitive in economic

terms. The gas can also be used to drive an electricity turbine, whether based on

a traditional combustion engine or on a gas turbine. Several tens of small units,

with power below the level of 1.5 megawatts electricity (MWe), are in operation

around the world, and especially in China and India. They generally produce

electricity for a small business (sawmills, paper mills, etc.) or for farms which

produce “free” biomass. These gasification units employ techniques known as

co-current or counter-current “fixed bed”, depending on whether the flow of air

across the reaction vessel runs in the same or the opposite direction to the bio-

mass. Their advantage is that economic viability can be achieved for units on

such a small scale. The disadvantage is that the chemical reaction is imperfect,

producing tars and thus frequent stoppages for maintenance. On the other hand,

these units are not always operated in continuous production. The advanced

technology now being used with this material, which is known as Biomass
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of support from the public authorities.
Keith Pitcher explains the company’s
thinking on this: « Biomass offers more
advantages which will win out over the
long-term: firstly, the resource is not
intermittent, unlike wind power, where
the farms also have to run the signifi-
cant risk of being refused permission to
locate on-shore. In addition to this, the
Common Agricultural Policy frees up
land which could be available for
energy crops. This is all the more impor-
tant as the rich soils of the countries of

from wind. But there is no reason why
we should not be competitive in the
long term. » The commercial viability of
“Arbre” is nevertheless already guaran-
teed, as is confirmed by First Rene-
wables. So why the success at
Eggborough, and not at Värnamo? The
Arbre project benefited from a subsidy
from the European Commission, under
the Thermie Programme, and similarly
from the Non Fossil Fuel Obligation
(NFFO), a system in force in the United
Kingdom between 1989 and 2001,
which obliged the electricity distribu-
tion companies to finance the develop-
ment of new production capacities
derived from non-fossil sources, notably
renewables, by buying their production
at preferential tariffs. First Renewables
thus secured a purchase price guaran-
teed for fifteen years — “a commercial
secret”. The next stage is already
planned: a 35 MWe power station,
which will be built close to the village of
Grimethorpe, in South Yorkshire. It will
be fed  by the production from more
than 6 200 hectares of energy crops —
50% of the fuel mass required for its
operations. The applications for approval
should be submitted to the public
authorities in the coming months.
The Renewable Obligation policy
replaced the NFFO in the United King-
dom on April 1st last year, and is now in
force: the distribution companies are
now obliged to produce a designated
fraction of their electricity from renew-
able sources. This is an incentive
scheme set to give impetus to the devel-
opment of renewable energies, but one
which also allows for competition
between them. « By comparison with
Arbre, we estimate that this new power
station should reduce by a third the
cost per installed MWe, which should
soon be below that for the traditional
steam-boiler sector », declares Pitcher.
The cost savings are achieved through
economies of scale, better organisation
of biomass transportation, etc., and
above all by a reduction of a third in the
cost of the cultivated biomass. « But
this last point depends essentially on
the government subsidies to farmers »,
adds Pitcher. « We are awaiting 
responses from that quarter before
committing ourselves to practical 
operations. » The new power station
could then enter into service at the end
of 2005.•
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Integrated Gasification and Com-

bined Cycle (BIGCC), aims to go further

than this. To achieve a better energy

yield, gasification is carried out using a

“circulating fluidised bed”: the biomass

is set in motion in such a way that it is

in close and full contact with the air

being injected, so as to optimise the

chemical conversion and reduce the

residues. The synthesised gas is des-

tined to provide a continuous feed to an

electricity production unit (exported to

the national grid, for commercial power

stations), which comprises a gas turbine and a steam turbine. This is what is

termed the combined cycle, which optimises the yield. In fact, the boiler for the

steam turbine operates using the heat released by the gasification process and

the combustion process in the gas turbine. Typically, in such facilities the value

for the electrical power output can equal that of the thermal power released, or

a yield of 50% (1), double that of a steam turbine on its own. The power of the

Arbre gas turbine is 4.75 MWe, the only model available in this range at the

time the project was drawn up, and its steam turbine has a power of 5.25 MWe

— in order to realise a total electrical power of 10 MWe, the required threshold

for applying for subsidies under the budget heading of “gasification” in the Euro-

pean Commission’s Thermie Programme. The feed to the  steam turbine requires

the direct burning of a third of the gas in the steam boiler, which reduces the

global yield from the chain to 30%, « which is nevertheless already equivalent to

that of a major coal-fired power station, » it is emphasised at First Renewables.

As the power station requires 2 MWe of electrical power for its own needs, there

is ultimately 8 MWe available for the national grid. In respect of the ash pro-

duced by gasification, which can be used as a fertiliser, it represents something of

the order of just 1.5% of the mass of fuel, which compares with 25% for a coal-

fired power station.

At Värnamo, the steam turbine contributed only 1.8 MWe to the total electrical

power (6 MWe), and the actual global yield achieved was 32%. However, larger

plants are expected to reach efficiency of 40% to 45%. The residual heat at the

end of the cycle was recovered and exported to a district heating network, which

is a common arrangement in urban areas in Scandinavia. Today, BIGCC is only

being operated by a handful of units around the world. Apart from those already

mentioned, plants are either being built or are being planned for: Vermont

(United States), Chianti and Pisa (Italy).

(1) global yield = electrical power ÷ (electrical power + thermal power)

Central and Eastern Europe, which are
future members of the European Union,
will provide stiff competition for the
cereal-growers in the present fifteen
Member States. Added to which, all the
targets for development of renewable
energies reserve a significant part for
uses of biomass. We are now seeing the
first subsidies to help farmers to con-
vert their land use. These are likely to
be developed further. The electricity
generated from biomass is currently
more expensive than that generated

>

(1) Around 4.6 euro. A Swedish Krone is worth
approximately 0.115 euro. 
(2) between 1,520 euro and 2,640 euro
approximately. An English pound is worth
roughly 1.65 euro.
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A R O U N D  E U R O P E

COMING EVENTS

World renewable energy
congress
29 June - 5 July 2002 
Cologne, Germany
> Contact: Prf Ali Sayigh
Congress chairman 
WREN
147, Hilmanton, Lower Earley
Reading RG6 4HN
United Kingdom
�
The World Wind Energy Confe-
rence and Exhibition
International Congress Centre
(ICC)
2-6 July 2002 
Berlin, Germany
> Contact: WIP-Munich
Sylvensteinstr. 2
81369 Munich - Germany
Tel. +49 (0)89 720 127-35
Fax +49 (0)89 720 127-91
Email wip@wip-munich.de
�
Hidroenergia
3-6 July 2002
Mulhouse, France
> Contact: European small
hydropower association
Tel: +32 2546 1945
Fax: +32 2546 1947
esha@arcadis.be
www.esha.be
�
Concevoir avec l’environnement
22-24 July 2002
Toulouse, France
> Contact: PLEA 2002, GRECO
Ecole d’architecture de Toulouse
83, rue Aristide-Maillol
BP 1329
31106 Toulouse cedex 1
Tél.: +33 5 62 11 50 40
Fax: +33 5 62 11 50 49
Plea2002@toulouse.archi.fr
www.toulouse.archi.fr/PLEA2002
�
Architecture bioclimatic
29 July - 10 August
Rome, Italy
> Contact: Maryke van Staden
International Solar energy Society
Wiesentalstr.50
79115 Freiburg
Germany
Tél.: +49 (0) 761 45 90 60
�
International Symposium on
renewable energy
4-8 August 2002
Orlando, USA
> Contact: Dr. Kenneth G
Tel.: +1 331 638 1007
Fax: +1 321 638 1010
sheinkopf@fsec.ucf.edu
www.fsec.ucf.edu/ed/iasse/ISR
EE8Annouce.htm

1st World Pellets Conference
2-6 September 2002
Stockholm, Sweden
> Contact: Fredrik Lagergren
Tel: +46 8 441 70 83   
Fax: +46 8 441 70 89   
fredrik@pellets2002.com
Johan Vinterbäck 
Tel: +46 18 67 15 57   
Fax: +46 18 67 38 00  
www.pellets2002.com
�
Waste in Island Communities
26-27 September 2002
Isles of Wight, UK
> Contact: Lynn Clarke, Island
Waste Services Ltd, 
Forest Park, Forest Road,
Newport, Isle of Wight, Hants
PO30 5YS
vargyraki@skynet.be
�
Pyrolysis and Gasification 
of Biomass and Waste
Expert Meeting
30 September - 1 October 2002
Strasbourg, France
> Contact: Julie Ellen, 
Bio-Energy Research Group
Aston University, 
Birmingham B4 7ET 
Tel: +44 121 359 3611 
Fax: +44 121 359 6814
j.ellen@aston.ac.uk   
www.thermonet.co.uk
�
PV European conference and
exhibition
7-11 October 2002
Rome, Italy
> Contact: Wip
Tél: +49 89 720 1235
wip@wip-munich.de
Eta
Tel: +39 055 500 2174
eta@etaflorence.it
�
Renewable Realities 2002
15-17 October 2002
Orkney, UK
> Contact: Gill Whitford 
or Alison Skene
Renewable Realities, 
Aquatera Ltd
Stromness Business Centre,
STROMNESS, 
Orkney KW16 3AW, UK
Tel: +44 1856 850088 
Fax: +44 1856 850089
enquiries@renewablerealities.com
www.renewablerealities.com

Renewables
in the
forefront
The day after the opening

of the Parliamentary debate
on the Renewables Obligation,
on 14th February 2002, saw the
publication of the Energy
Review, an eagerly-awaited
report on the country’s energy
policy. Produced by the Perfor-
mance and Innovation Unit
(PIU) attached to the Prime
Minister’s Office, it confirms
the primary role of renewable
energies in delivering the follo-
wing at optimal cost and with
the greatest degree of
flexibility: reduction in
emissions of carbon dioxide

(CO2), security of supply for
the country, and improvements
in energy efficiency. However,
it does not dispense with the
nuclear option, nor even with
“clean” coal. Amongst its
recommendations, the PIU pro-
poses adopting the objective of
raising the share of the
country’s energy generated
from renewable sources to 20%
by 2020, of facilitating the
development of small units,
including co-generation units,
and of committing at this stage
to an option for choosing new
mechanisms designed to sup-
port the development of rene-
wable energies under the
Renewables Obligation regime.
In the context of the Kyoto
Agreement, the UK has         >

UNITED KINGDOM

Signs of a major move on 
renewables

T
he British authorities are pinning their confidence on rene-
wable energies. Following long months of preparation, the
Renewables Obligation came into force on 1st April 2002.

It imposes a condition on electricity companies to produce a
proportion of their electricity from renewable sources (5% in
2003, rising to 10% in 2010 – this being the ultimate target set
for the UK under the European “Green Electricity” Directive),
and to sell this to customers at a capped price. In 2000, green
electricity represented only 2.8% of national production. The
Renewables Obligation creates a unified market in both England
and Scotland for the exchange of “green certificates”, which are
provided to the producers of electricity from renewable sources
and can be bought at a price to be established in accordance
with the rules of supply and demand by those electricity distri-
bution companies which are not able to keep to the targets of
the Renewables Obligation through their own means. 
The Renewables Obligation is the successor to the Non Fossil
Fuel Obligation (NFFO), a mechanism which imposed similarly
stringent constraints, under which the electricity companies
were to conclude temporary contracts with the “green” electri-
city producers, whose production was sold by auction. It forms
part of a wider mechanism for supporting renewable energies,
which notably also includes the Climate Change Levy: this tax,
introduced in April 2001, applies to the consumption of non-
domestic fuels undertaken to supply energy. It imposes an addi-
tional charge of between 8 and 15% on the invoiced cost of
natural gas, liquefied petroleum gas (LPG), coal and electricity
consumed by industry, commerce and the public sector. Electricity
produced from renewable energy sources is exempt from this
tax. In total, the plan for take off of green electricity in the UK is
set to cost some 1.3 billion euro, and to bring about an increase
of between 5 to 6% in the cost of bills to private individuals.
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EUROPE

Wind farms:
Soon to achieve
the GW level

T here is an increasing

flow of stunning

announcements relating to

major wind power projects.

In January, the autonomous

community of Valencia in

Spain elected to entrust to

several project managers the

realisation of fifteen wind

farms, with a total output of

1700 MW. That same month,

the Scottish company 

ScottishPower submitted an

application for a licence for

the Whitelee Forest power

station (240 megawatts -

MW), situated a few

kilometres outside Glasgow.

Still in Scotland, British

Energy and Amec have

announced their intention

to built an enormous

600 MW wind farm 

— the most powerful in

Europe — on the Isle of

Lewis. The project would be

bigger in scope than the off-

shore wind farm at Arklow

Bank (520 MW), which the

Irish company Eirtricity has

just been authorised to

build, and which will meet

10% of Irish electricity

demand. It is the most

powerful off-shore wind

farm in the world, to date.

But for how long? The

growth in the unit power of

the turbines, which is appro-

aching 5 MW, and also the

number of units employed

are factors  influencing 

scale. Thus, for example, 

the Swedish-Danish company

> committed itself to reducing
its greenhouse gas emissions
by 12.5% by 2010, compared to
1990 levels — and of reducing
CO2 levels by 23%, a secondary
objective to which the govern-
ment has signed up. This report
will lead on to the publication
of a guidance document on
energy policy in the Autumn
(the Energy White Paper). 
Energy Minister Brian Wilson
recently made a string of
announcements favouring rene-
wable energies. Thus a tranche
of 4.7 million euro was released
in February for development of
technologies for producing
electricity from biomass. In
March, following a recommen-
dation in the PIU report, an
additional sum of close on 
16 million euro was allocated
to a major subsidy programme
for installation of solar panels,
with the programme set to total
nearly 32 million euro for the
three years to come. 
The stated objective is to
stimulate national manufactu-
ring capacity. Currently pegged
at under 2 megawatts (MW) of
solar panels per year, that
figure could triple by 2005. In
addition to this, the Minister
has announced the
establishment of Renewables-
UK. The objective of this Aber-
deen-based agency is to enable
British industry to derive the
greatest possible profit from the
development of renewable
energies, notably by facilitating
technology transfers and
promoting exports. A small
fund of 2.6 million euro has
been reserved to help projects
being developed by local com-
munities. 
In January, eight major energy
companies — Innogy, Powergen,
TXU Europe, ScottishPower,
Shell, BP Energy, United Utili-
ties, and Lattice Group —
announced the creation of the
UK Business Council for Sustai-
nable Energy. The aim of this
body is to stimulate the
renewable energies sector, and
to promote energy efficiency
and co-generation (combined
heat and power – CHP).
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Leading edge biomass
The United Kingdom continues to give proof of its

advances in the technology for extracting energy

value from biomass.

L
ast January, just outside Leeds, the “Arbre”

Biomass Integrated Gasification Combined

Cycle (BIGCC) electricity power station 

went into service, the first of this type to

operate in a commercial context (see p. 23).

February saw the inauguration of an electricity power

station at Thetford in Norfolk, a highly agricultural

region, operating mainly by combustion in a fluidised

bed boiler of poultry litter — droppings and straw, in a

volume of 700 000 tonnes per year, supplemented by 

60 000 tonnes per year of coppiced wood. With a power

output of 38.5 MW it is the largest of its type in the

world and the third built by the British company Fibro-

watt, following those at Eye and Langton. 

Still in the East of England, the same week saw the inau-

guration of a power station using similar technology

close to Cambridge. Built by a consortium formed by

Energy Power Resources and Cinergy Global Power, it

will burn 200 000 tonnes of straw per year to produce

electricity. 

A further project for extracting energy value from bio-

mass is currently experiencing problems in obtaining its

operating licence. This project is for a co-generation unit

— electricity and heat — operating by combustion of bio-

gas produced by anaerobic digestion of a mix of liquid

animal manure and food wastes. Situated in Devon, close

to Holsworthy, it is set to produce close on 15 gigawatt

hours of electricity annually. The problem is the residues

left over from bio-digestion: in Denmark, where this tech-

nology has been most developed within Europe, the resi-

dual material is taken back by the farmers who provided

the manure, to be spread on farming land, whilst taking

precautions to avoid any bacteriological contamination

(see Renewable Energy Journal 10). Used properly, these

residues provide an excellent organic fertilizer. At the

Holsworthy power station, built by a consortium of Bri-

tish and Danish companies, the residues could be classi-

fied as “toxic waste” by the British authorities, despite

heating to 70°C which is intended to kill off all germs.

The authorities in England are particularly sensitive to

the risks of a renewed outbreak of mad cow disease or

foot-and-mouth. If this official attitude is confirmed, the

project may never be realised.
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Development of renewable
energies shows no signs

of a slow-down in Germany.
In 2001, this sector genera-
ted 36 terawatt hours (TWh),
representing an increase of
2% over 2000. Green electri-
city now accounts for 7.25%
of national production. It is
the engine of wind power
which continues to drive the
sector with 11.5 TWh produ-
ced, an increase of 21% attri-
butable to the explosion in
the installed fleet of wind
power generators.
2 659 MW of
new capacity
entered into
service in
2001, close
to 60%
above what
was initially
forecast,
taking the
German inven-
tory of wind
farms to a production
capacity of 8 750 MW, the
leading figure in the world
and double the capacity of
the USA’s wind-farms.
Furthermore, that increase is
far from over, according to

the German Minister for 
the Environment. In January,
Jürgen Trittin unveiled a
development plan which
aims to secure 25% of 
electricity production from
wind energy in 2025, with
over half of this to be genera-
ted by off-shore farms produ-
cing a total of close on 
25 gigawatts (GW). He also
revealed that the wind
energy industry had already
created 35 000 jobs in the
country, and announced that

close on 200 million
euro will be set

aside in 2002
for the deve-
lopment of
production
from rene-
wable
energies,
mainly in

the area of
heating 

— solar power 
stations, biomass

power stations, and 
co-generation units. In paral-
lel with this, 30 million euro
will be given over to funda-
mental research for the 
sector by 2003.
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Bon-us Energi has floated

the idea of stationing a 

massive marine forest of

2 700 wind turbines in the

northern part of the Baltic

Sea! But there is nothing

currently available to enable

one to judge whether this is

a realistic project. 

More plausible is the

development of three wind

farms along the Belgian

coast, with a cumulative

power output which could

reach 500 MW by around

2005. As is confirmed by the

figures in the EurObserv’ER

barometer (see page 40)

Europe is more than ever

the continent for wind

power, with a total ins-

talled capacity by 

the end of 2001 of

17.6 gigawatts (GW)

(36.3% growth in 

a single year), compared

with 6.9 GW for the rest 

of the world.

GERMANY

Competition 
for the leading spot

SWEDEN

Pellets 
by the tonne
There has been a spectacular
upturn in the economic
climate for the market in
wood pellets in Sweden. 
The product is composed of
compacted sawdust, an abun-
dant material in this country
which has significant forestry
resources, and it has had to
overcome a number of chal-
lenges in gaining acceptance 
– until the recent increase in
the price of domestic heating
oil. Over several months this

constraint, combined with the
increase in tax on heating oil,
has led to a rapid expansion
in the numbers of domestic
boilers in Sweden, as private
individuals and the managers
of small municipal heating
networks no longer equi-
vocate about adapting their
equipment to burn the pellets,
which have excellent calorific
value and which also offer
great ease of use in automatic
feed systems, on account of
their consistent calibre. 
In 2001, some 750 000 tonnes
of pellets will have been sold
in Sweden, which represents
practically a doubling of sales
in a single year.

NETHERLANDS

The problem is supply
A country at ease with renewable energy! For a start,

there is no shortage of customers for green electricity
in the Netherlands — their number increased by 25% last
year, and today they number 700 000. The shortage is in
supply, as a government report emphasises. The country,
which is already committed to 5% of energy consumed
being sourced from renewable energies, is reliant on
imports. But in addition to the dependence which this cre-
ates for the Netherlands, these imports benefit from the
internal tax concessions applied to clean energies. This is a
privilege which was recently (since January) withdrawn
from electricity from hydro-electric plants. 
The solution consists mainly in encouraging investment in
wind energy, by facilitating procedures and the issuing of
authorisations. The country, which had 483 MW of
installed wind capacity at the start of 2002, has thus only
achieved half of the target set for 2000. The new target
for 2010 is for 1 500 MW. The capacity from off-shore
power stations, for which there is at present only a single
project proposal, could reach 6 000 MW in 2020. 
Biomass, the current primary source of renewable energy
in the country (supplying three quarters of production),
could soon benefit from a programme of subsidies.
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THAILAND

Electricity
from rice

The growing and
the processing of
rice, of which 
Thailand is the
world’s largest
exporter, generates
some 4.5 million
tonnes of rice husk
per year. This is 
a biomass which

up until now has been neglected, but soon
it could be used to generate electricity des-
tined for the national grid. A.T. Biopower, 
a consortium of companies led by Rolls-
Royce, is entrusted with the project of buil-
ding four power stations, each with a
power of 20 MW of electrical power, in the
four main rice-growing regions of Thailand,
to be operated by burning rice husk. 
The steam produced in the boiler could
also be used to dry rice. The power stations
will be fed by rice husks from around a
hundred plantations. 
The project, the most important of this type
in Asia, is currently awaiting the results of
negotiations with the Thai authorities. 
Effectively, the operation is only viable 
for the consortium if this green electricity
benefits from a preferential purchase price,
as the current tariff framework is little
adapted to the constraints relating to pro-
ducers of renewable energies.

INDIA

The next giant
in renewable
energies? 

The Indian government
envisages equipping the

country with 100 GW sup-
plementary electricity
production units by 2012
to respond to demand from
consumers, particularly in
rural areas not connected to
the national grid. This major
effort — a doubling of 
installed capacity — will be
accomplished in part
through recourse to
renewable energies (10 GW),
the government indicates.
Distrustful of this, producers
of green electricity in the
country wish to see this
intent translated into a law
imposing a requirement for
a 10% share of new installa-
tions to be given over to
renewable energies. They
also hope to see a preferen-
tial tariff outlined for this
green electricity, linked to
the quantities of CO2 emis-
sions avoided by comparison
with production from coal-
fired power stations, which
make up the major part of
the plants installed in India.
If these objectives are achie-
ved, the sector would expe-
rience a considerable
upswing. Today, the total
amount of renewable energy
production accounts for 
3.3 GW installed, of which
1.5 GW comes from wind.
Biomass could play a signifi-
cant role, particularly in
extracting the energy value
from the waste pulp from
sugar cane: only a few plan-
tations use it for their own
electricity consumption, 
producing surplus capacity
which is not currently fed
into the network.

BRAZIL

4 GW 
wind farms 
in 2005

Following a call for
tenders, Brazil has just
awarded contracts for

construction of 43 wind farms
in five border States within
the Brazilian Federation.
This is a very significant pro-
gramme, for a capacity of
3 680 MW, which should be
completed in 2005. At the
start of 2002, Brazil had a
capacity of 20 MW. 
The State of Rio Grande do
Norte will see the greatest
concentration of wind plants,
with 17 farms producing a
total of 1 500 MW, followed 
by Ceará — with 15 farms
delivering 1 400 MW. 
The investments, amounting
to over 4 billion euro, will be
shared by the different consor-
tiums taking a slice of the
action. First amongst these 
are the Spanish companies
Iberdrola and Energia Hidro-
eléctica da Navarra, who are
responsible for a share of over
2 GW, followed by the French
company Siif Énergies, which
will build 1 GW of capacity.
Accompanying this program-
me for new plant, A Federal
Decree obliges the national
electricity company Electro-
bras to buy production of 
1 050 MW from the plants, 
at a price fixed for 15 years,
whilst awaiting further speci-
fic details regarding the
remainder of the installed
farms. At the same time, the
government has concluded 
a contract for solar panels 
with BP Solar, to equip some
2 000 schools, which have 
no connection to the national
grid, and situated in remote
areas in eleven States within
the Brazilian Federation .

DEVELOPING COUNTRIES



T he elements of the equation are fami-
liar: developing countries are experi-
encing strong growth in their demand

for energy, under the effects of a dynamic
demographic and significant rates of eco-
nomic growth, but looking forward these
countries constitute a potentially important
source of carbon gas emissions, as a result
of poor efficiency in their energy systems as
well as massive reliance on fossil fuels. 
More than two billion people in developing
countries do not have access to a modern
and reliable source of energy, particularly
electricity, and the basic needs (heating,
lighting, pumping of water, refrigeration of
medicines) of close on three billion individ-
uals are not met. Living for the most part in
rural areas, these populations depend
essentially on biomass for their cooking,
lighting and heating requirements, a tradi-
tional practice which accounts for 36% of

total energy consumption. Whilst these
populations use, on average and per person,
25 times less energy than in the richest
areas of the world, consumption in these
areas is growing rapidly, and is set to double
between now and 2020. There is a particu-
larly marked trend in the demand for elec-
tricity, which may almost have tripled by
that date. Even if this level of consumption,
on average and per person, will then only
represent one sixth of that of the OECD
countries, « this growing electricity demand
cannot be met by traditional fossil-fuel
based energy systems without strongly
increasing the pressure on the environment,
natural resources, public health and welfare,
and international relations ».
This warning is contained in the report
“Renewable energy: development that lasts”
from a Task Force set up by the G8, the group
of the eight richest nations in the world, at
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The question of energy in developing 
countries is now taking an increasingly
significant place on the agenda of 
the major international forums. 
It is to be a central issue at the 
UN Summit on Sustainable Development 
in Johannesburg next August.

Clean energy 
for sustainable
development
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Developing countries

Solar pumping and irrigation
of market gardens in Senegal
(Diatock Beme) make 
the women's work easier 
and improve nutritional and
socio-economic conditions.
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Alioune Fall holds the Presidency
of the Regulatory Commission for
the electricity sector in Senegal.
Formerly the Director-General for
Energy, he has been involved in
rural electrification projects in
his country for several years. 
By 2015, a third of the rural 
population is to be provided with
electricity, with photovoltaic sys-
tems for a quar ter of new users.

REJ: The rural population makes up
close on 50% of the Senegalese  popula-
tion. How is electrification of the 
villages coming on?

A.F.: As in the majority of developing
countries, there is a very marked
contrast between the urban and rural
areas. In Senegal, the “towns” — that is
to say, agglomerations with more than
5 000 residents — are all connected
either to the national grid or to a small
local grid fed by diesel generators. 
However, only half of these residents
have access to electricity. In rural areas,
electrification is little developed to 
date. Barely 500 villages, out of the 
13 000 across the country, are
connected to the national grid or, in the
case of twenty or so of them, to a small
local grid. Access rates to electricity fall
to 5% of homes in rural areas. Correct-
ing this imbalance is a social priority
today. It reflects a maturing of our
democracy: people do no longer simply
ask for electricity, they are demanding 
it as a necessity. It is also an economic
priority — because you cannot separate
the struggle against poverty from access
to energy. Electrification, for example,
which makes drawing water easier, has
enabled women to engage in market
gardening. 

However, for the funding agencies 
just as much as for the developing
countries, the question of energy is
generally secondary when faced with
challenges which are considered to be
more immediate —  food, hygiene, 
education, etc.

I deplore the fact that the prevailing
visions of development are still too nar-
rowly focussed. It is not generally recog-
nised that energy is part of the basic
needs to be satisfied in attacking poverty
and under-development. 

For example, in 1994 we carried out a
project, with the French NGO Fondation
Énergies pour le Monde (see next page),
to electrify around forty medical centres,
mainly in the nature reserve of Casa-
mance. The benefits have been specta-
cular: no more interruptions of the cold
chain to preserve vaccines, better quality
of service, night operations made 
possible, etc.

What are the priority initiatives to be
carried through in Senegal?

Although the towns have needs, they
also have the resources to improve
access and the reliability of supply. 
The real challenge for the public author-
ities is rural electrification. In 1998, we
began a far-reaching reform of the
energy sector, when the failings of the
national electricity company Sénélec
became evident. The activities of this
company, which has now been
privatised, have been limited to the

urban areas. Alongside this company, 
a Senegalese agency for rural electrifica-
tion (Aser — Agence sénégalaise d’élec-
trification rurale) has been set up.
Established in 2000, its role is to
promote the mobilisation of new actors
— NGOs, companies, etc. —  and to pro-
vide them with technical and financial
support. The intention is to grant local
service concessions for the supply of
electricity to private actors through a
tendering process. We hope to see local
initiatives emerging as a result of this
approach — for example, requests com-
ing from village communities seeking
the support of Aser. Ultimately, the
involvement of the local population is
imperative in ensuring the success of
such ventures. By 2005, we are looking
to offer access to electricity to 15% 
of the rural population, and to 33% 
in 2015. 

How has this dismantling of a state
monopoly been received?

Senegal is viewed as being at the cutting
edge in its 1998 reform. The World
Bank and the African Development Bank
take the view that this is a model which
is likely to be reproduced elsewhere and
are ready, as are private companies, to
support this venture. Countries such as
Cameroon or the Ivory Coast have
taken their inspiration from it. The trend
in Africa is towards privatisation of this
type of public service. 

Under these conditions, what will be
the policy with regard to tariffs?

Within the area which today is reserved
for Sénélec, the tariff will remain stan-
dard, even if the costs of production
vary depending on the different locali-
ties. Outside this defined area, it will
depend on the concession. But account
will have to be taken of the political and
social constraints, and the public author-
ities will not fade entirely from the
scene. The tariffs will be jointly defined
with them, via the regulatory commis-
sion for the electricity sector. We are
seeking to conserve the principle of a
platform price, which currently provides
guidance in defining the tariff to be
applied by Sénélec. 

What place do renewable energies have
in the electrification of the country?

Currently they do not feature strongly,
but we are looking to help to expand
their use, of course. Their characteristic

I N T E R V I E W

ALIOUNE FALL

« Solar
photovoltaic
energy
for 70 000
families 
by 2015 »
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its summit in Okinawa in July 2000. Its
mission consisted in identifying the obsta-
cles limiting the use of renewable energies
in poor countries, and in producing recom-
mendations in order to encourage the devel-
opment of renewable energy.
In fact, the Kyoto Agreement signed in 1997
only imposes targets for the reduction in
emissions of greenhouse gases for the
industrialised countries, as there was no
common ground which might have made it
possible to incorporate developing countries
into the accords. The problem lay in not
finding an acceptable solution to another
delicate equation: how to impose costly
constraints relating to energy efficiency and
investment in clean technologies on these
countries, whose economies are often vul-
nerable and whose contribution to global
warming is currently marginal? This stick-
ing point constitutes the cornerstone in the
arguments advanced by the United States in
refusing to ratify the Kyoto Agreement, and
the representative of the world’s foremost
economic power has shown himself to be
very reserved on all points which might
appear to be a disguised implementation of
this text contained in the report of the G8
Task Force. In its conclusions, adopted by
the Heads of State in Genoa in July 2001,
the Task Force identifies the establishment
of a modern energy supply as a fundamen-
tal step in ensuring sustainable develop-
ment in poor regions. 

An adequate policy staging-post

The Task Force has been the object of strug-
gles to gain influence, with battles over lib-
eral, interventionist or statist concepts, 
or battles reflecting membership of the bloc
of industrialised countries or developing

>

features — a local resource, small scale,
autonomy, etc. — argue in favour of
using them in rural settlements. We
envisage realisation of electrification 
of these areas, in part by an expansion
of the national grid. But this will not 
be the case for half the 13 000 villages
in Senegal, which have under 250 inha-
bitants. In these localities, with the
exception of some hilly sites with suffi-
cient wind where we may one day see
wind farms being established, solar
energy will be the naturally adopted
solution. But it will occur on condition
that these projects have been well
thought through, because we have
experienced some disappointments,
with problems over equipment, or a lack
of preparation and follow-up. There is a
need to consider up-front the financing
mechanisms and the after-sales service.
That is one of the keys to the success 
of the electrification of the 40 medical
centres I mentioned earlier. They are all
equipped with solar power, and have
come together to finance and organise
maintenance. In the district of Bakel, in
the east of Senegal, we are aware of a
similar example where 13 rural commu-
nities have formed an organisation since
1997 and have installed solar panels on
schools, mosques or other public build-
ings. Furthermore, it is apparent that
the majority of the potential beneficia-
ries do not have the financial capability
to buy this type of equipment. For such
people, it is necessary instead to foresee
the equipment remaining the property
of the concessionary, which will use a
charging structure to sell homes a
service to supply solar electricity. Last
year, we successfully tested this type 
of approach in two small pilot villages. 
The beneficiaries contribute 10% of the
initial funds. They were firstly made
aware of the interest in the venture, 
and they took part in the discussions
regarding the setting of tariffs. 
Today, we are aware of around 
3 000 individual solar systems installed
in Senegal. In 2015, they should
account for a quarter of our target for
coverage, which means that they should
be supplying 70 000 families with 
electricity.•

The Fondation Énergies

pour le Monde

(www.

energies-renouvelables.org),

based in Paris, received

the special jury prize in

recognition of European

co-operation with deve-

loping countries, in the

context of the CTO Awards

2001. Born in 1990, 

Fondem is one of the only

non-governmental orga-

nisations specialising in

the installation of energy 

systems which respect the

environment and are for

the benefit of the popula-

tions in developing coun-

tries. It aims at ensuring

the sustainability of the

actions undertaken, by

favouring strong involve-

ment of the populations

concerned by the

projects, by calling on 

the participation of local

partners and by training

persons on the site.>

Senegal, Diatock Beme: 
training villagers to use 
and service a photovoltaic 
pumping equipment.
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by some developing countries, would have
liked to see ambitious targets laid down for
the time-frame 2010-2020 for access to elec-
tricity for the two billion people currently
without it, » indicates Jean-Loup Martin,
from Fondation Energies pour le Monde, the
reporter-general for the Task Force. « Others
considered that it was down to the developed
countries to lead by example on the question
of energy efficiency, and that there was a
need to elaborate these objectives together
and not to impose them. In that respect, the
Johannesburg meeting seems for a number
of them to be an adequate policy staging-
post. »
However, in their conclusions the members
of the Task Force clearly affirm their convic-
tion that renewable energies constitute a
major asset in the path to sustainable devel-
opment. It is strongly desired that they
should take a growing place within global
energy provision, and it is recognised that
in future they will serve to reduce signifi-
cantly the environmental impacts and the
risks involved in supply, as well as reducing
the cost to consumers in some instances. 
In a bid to carry a consensus, the official
recommendations carefully avoid putting
forward any commitments with figures
attached. Nevertheless, the report cites the
following objectives as being realisable on a
ten-year time-scale, from a financial, logisti-
cal and cultural viewpoint, notably through
the concerted efforts of the G8 countries,
the international financial institutions 
and the private sector: procurement of high
energy efficiency biomass stoves for 
200 million people; provision of access to
electricity from renewable sources for 
300 million people living in a rural environ-
ment (1); in areas not connected to grid net-
works, 500 million people could be supplied
with electricity from renewable sources, and
of these 300 million are in developing coun-
tries. Put another way, in total this would
deliver the benefits of renewable energies
for one billion people by 2012, ten times
more than today, according to the estimates.
The report insists on the key role to be
played by market forces in the penetration
of renewable energies into the countries of
the south. The G8 countries are particularly
encouraged to generate dynamism in their
national markets, in order to bring about a
reduction in the costs of production which
could benefit developing countries. The case
of Germany is emblematic of this strategy:
the country has positioned itself to become
the world leader for the production of solar
panels, a technology identified as being best
adapted for numerous rural areas in devel-
oping countries, typically for remote sites
with limited demands in the tropical zone.

(1) In its Campaign for Take-off, the European 
Commission has set itself the objective of seeing 
350 000 additional solar home systems installed
between 2000 and 2003. 

(2) The European Commission has, however, financed
the important Regional Solar Programme (Programme
régional solaire, or PRS), which has provided for the
installation of 626 plants for pumping water and 
644 community electrification systems based on solar
panels in nine countries of the Sahel region between
1991 and 1997. By involving the local populations 
to a large extent and giving priority to the quality of
function of the installations (of which barely 5% have
been abandoned), this programme has contributed 
to advancing the local popularity of using solar
energy. A second PRS is being developed.

The report, whilst having the merit of con-
ducting a very well-documented general
survey of the subject, only offers brief fo-
rays into the strategies which will make it
possible to arrive at some major – non offi-
cial – objectives which it brings out. 

An necessary partnership approach

« Thinking only about the energy issue runs
the risk of leading to an impasse, » warns
Yves Maigne, Director of Fondation Énergies
pour le Monde (see text page 37). « Too often,
people imagine that all you need to do is to
provide access to energy, in these regions, to
provoke spontaneous interest from potential
users. On the contrary, you need to involve
those who will benefit in the upstream phase
of any project through a partnership
approach, and convince them that access to
energy can be a factor in development. »
This comment holds true for project spon-
sors. Neither the IMF nor the World Bank
explicitly consider energy as a means of
combating poverty, nor as a financing crite-
rion for development projects. The same
lack of interest in the field is shown by the
European Commission. « Energy is very
much a secondary consideration in the
demands of developing countries,” observes
Philip Mann, who is responsible for energy
matters at the Directorate General for Devel-
opment in Brussels. “However, this heading
is not even amongst the six priority areas
which the European Union has defined for
its policy in support of development. » (2)

Is this a deficiency which is about to be put
right? The fifteen EU member states are cur-
rently preparing an initiative known as
“Energy for poverty alleviation and sustain-
able development”, which sets out the
guidelines for a policy aimed at maximising
the efforts being made in respect of energy
efficiency and the use of renewable energies
in developing countries. In addition, the
European Commission has just launched a
specific program, Coopener, dedicated to
the accomplishment of theses objectives.•

>
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«One day, we
received a request
which came from

the remote region of
Luang Prabang in Laos:
“For the development
of our villages, we are
looking for energy solu-
tions…“ » recalls Yves
Maigne, Director of
Fondation Énergies pour le Monde
(Fondem). The circumstances were
ideal: the motivation of the villagers,
which was a given fact right from the
outset, found expression in their finan-
cial participation and involvement in
the logistical aspects, and then facili-
tated the establishment of a manage-
ment committee for the plants as well
as the signing of a contract for use.
These are aspects which give the best
chances of the equipment supplied
having a long service life.

A SYSTEM OF MICRO-CREDIT

The village of Ban Kasia, with 
285 inhabitants in houses which are
widely dispersed, is situated on a very
sunny plateau. Here, the solution
adopted was therefore individual kits
using solar panels and batteries. They
provide lighting for four hours a day,
make it possible to listen to the radio,

and power a commu-
nity clinic. One and a
half hours away, at the
bottom of the valley
of Nam Pa, the village
of Ban Nambo has
been settled in a quite
different way. Its 190
villagers live grouped
around a school and a

community clinic. The presence of 
a spring harnessed at a height 
of 95 metres led to the choice of a
small hydroelectric turbine to provide
them with electricity. This turbine gen-
erates 2.5 kilowatts and is supported
by a 35 m3 tank, the electricity pro-
duced being distributed via a low-volt-
age micro-network. The two plants, for
which Fondem provided support with
the technical assembly, organisation
and financing, were inaugurated in
May 2000. 
In the province of Fianarantsoa, in
Madagascar, Fondem is currently lea-
ding an electrification project in a rural
environment which comprises three
elements: equipping forty health esta-
blishments with solar panel kits, provid-
ing kits to some village communities
nearby, and the installation of a refri-
geration unit for a fishermen’s coopera-
tive. To enable the villagers, who lack
funding, to acquire this sort of equip-

ment, a system of micro-credit has
been established, with monthly pay-
ments adapted to the amount of the
“energy” budget of the homes — spen-
ding on candles, batteries, petrol, etc.
The creation of maintenance contracts
and of a source of finance, making it
possible to replace equipment at the
end of its service life, should ensure
that the project will last well into the
future.
Fondem has also participated in the
early stages of one of the only large-
scale projects for rural electrification
currently being carried out in a south-
ern country, and which is considered to
be a reference project: the Moroccan
global rural electrification  programme
(Perg, www.one.org.ma). Highly ambi-
tious, it aims to see the electrification
of 80% of the villages in the country by
2008 (20% in 1995). That represents a
power supply to some 1.5 million homes,
both through an extension of the
national grid and through using rene-
wable energies for isolated sites where
the connection costs are considered to
be prohibitive. For these sites, whose
number is estimated at 200 000, the
logic of the market has been imposed,
at the expense of a more fine-tuned
local approach: solar power from pho-
tovoltaïcs is the one energy technology
being used for these kits.•

The needs 
of the people
come first …
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Madagascar: In partnership with 
micro-finance institutions, individual kits
are proposed to the population.



WIND POWER 
ON THE WINNER’S PODIUM

During the year 2000, world pro-
duction of photovoltaic cells made

a 44% leap forward, bringing volume
up to 288.55 MWp. Japan confirmed
its position of leader with 128.6 MWp
in front of the United States, which
showed a volume of 74.97 MWp. 
European production rose from 38.6
to 61.56 MWp. Spain continues to be
the leading produIn view of its excel-
lent growth figures and its economic
success, wind power is playing a lea-
ding role in the development of rene-
wable energies. The technological
progress made in wind turbines over
the last few years has been tremen-
dous. The most significant example of
this is the German market, where aver-
age turbine size has gone from
470 kW in 1995 up to 1 280 kW in
2001. This increase in unit power
capacities has been accompanied by
an increase in the size of the wind
farms themselves. The next generation
of turbines will generate levels of
power included between 3 and 5 MW,

Capacity
installed Growth 

2000 2001 in 2001 in %

Germany 6 091 8 750 2 659 43.7%

Spain 2 443 3 660 1 217 49.8%

Denmark 2 297 2 417 120 5.2%

The Netherlands 448 483 35 7.8%

United Kingdom 409 474 65 15.9%

Italy 389 697 308 79.2%

Greece 189 273 84 44.4%

Sweden 231 264 3 14.3%

Ireland 118 132 14 11.9%

Portugal 100 127 27 27.0%

France 79 94 15 19.0%

Austria 78 97 19 24.4%

Finland 38 39 1 2.6%

Belgium* 13 31 18 138.5%

Luxemburg 10 10 0 0.0%

Total 12 933 17 548 4 615 35.7%

* Source Apere
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THE 2001 WIND
ENERGY BAROMETER

1 - Wind power installed in European Union (in MW)
EurObserv’ER 2002

EurObserv’ER

The 2001 overview 
of renewable energies
For more than three years now, EurObserv’ER has been collecting data
concerning the renewable energy sources of the European Union in order
to describe the status and dynamics of these sectors in thematic 
barometers. Today, these energies have imposed themselves as viable
economic, energetic and industrial realities. The RE Assessment 
Barometer published here is the synthesis of the work carried out and
published from October 2000 to February 2002 (issues 139 to 147 of
Systèmes Solaires magazine)*. This publication offers a survey of the
dynamics of eight renewable energy sectors. As background reference,
sector performances are measured in comparison with European
Commission White Paper objectives.

*With a view to improving quality and reliability, substantial work in consolidating the assembled 
data was undertaken, in particular for those sectors that were not treated during the year 2001 
(geothermal energy and small hydraulic power).



THE 2001 BIOFUELS
BAROMETER

Year Ethanol
production

2000 191 000

1999 110 850

1998 117 900

1997 103 370

1996 80 340

1995 57 900

1994 58 500

1993 47 500

and some manufacturers have already
announced commercial prototypes in
this range. This is the case of the 
German firm Enercon, which should
be the first constructor to develop a
4.5 MW offshore wind turbine. The
European Union has maintained a very
high wind power sector growth rate,
which now represents more than 67%
of newly installed capacities world-
wide (vs. 25% for the United States),
i.e. a supplementary installed power
capacity of the order of 4 615 MW.

GERMANY, THE LEADER

Germany remains the uncontested
leader with a total cumulated capacity
of 8 750 MW, i.e. more than one third
of installed worldwide capacity. 
The German law on renewable ener-
gies (Erneuerbare Energien Gesetz),
which has set the purchase price of
wind power origin electricity at
0.08 euro/kWh, is at the origin of con-
siderable gearing. Associated with a
strong political will, it has permitted
installation of an additional 2 659 MW,
i.e. a growth of 43.7% with respect to
the previous year. The progression 
of wind power in Spain has also 
been spectacular. With an additional
1 217 MW of wind turbines in opera-
tion at the end of the year 2001, the
country has consolidated its second
European position. The Danish situa-
tion is a more worrying one. Uncer-
tainties concerning future financial
incentive mechanisms is slowing down
wind power development (an addi-
tional 120 MW in 2001 vs. 555 MW
in 2000). Nevertheless, Denmark’s
position is still a very enviable one,
with a total capacity of 2 417 MW as
of the end of this year. In the other
member states of the European Union,
the start-up of the wind power sector
seems to be getting underway. This 
is notably the case of Italy which has
established a new national record 
with an additional 308 MW installed
in 2001.
As of the end of the year 2001,
installed capacity is running ahead of
the 2003 objectives of the Campaign
for Take-Off by more than 7 500 MW.
For 2010, the specialised consultant
agencies agree on a projected figure
of 85 000 MW. The objective of
40 000 MW as set by the European
Commission White Paper in 1997
should thus be reached as early as
2006. Wind energy, the “star sector”,
has performed very well here
indeed.•

BIOFUELS: TAKE OFF EXPECTED

Biofuels are composed of two distinct
sectors: ethanol, which after trans-

formation into ETBE (ethyl-tertio-butyl-
eter), serves as an additive for petrol
engines, and biodiesel fuel which
serves as an additive for diesel engines.
Certain engine types accept the use of
pure ethanol or biodiesel fuel, but mix-
ture contents are set by national regu-
lations.
Since the beginning of the 1990s,
European biofuel production, taken as
a whole, has undergone very sus-
tained and buoyant growth. Volumes
for ethanol (produced from the fer-
mentation of beets, corn, barley or
wheat) have gone from 47 500 tons in
1993 up to 191 000 tons in 2000, i.e. 
a fourfold increase. Among the fifteen
member states, only three countries
are really engaged in this sector. The
principal producer is France, which
showed a production of 91 000 tons
in 2000. Spain, whose recent efforts
have quickly put it in the wake of the
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5 - Comparison of current trend with White Paper
objectives (in Mtons) EurObserv’ER 2001

French leader, is found in second
place position. In this way, Spain’s
Cartagena production unit, put into
service in 1999, supplied 80 000 tons
of ethanol in 2000, essentially from
barley. Sweden arrives far behind. In
2000, Sweden was operating only one
small 20 000 ton experimental pro-
duction plant. Since March 2001, this
country has equipped itself with a new
distillery with a capacity reaching
40 000 tons. With regard to biodiesel
fuel (resulting from oleaginous plants
such as rape seed), the development
in production volumes has been even
more impressive. From 55 000 tons in
1992, Europe has gone up to more
than 700 000 tons in 2000. France
alone ensures 47% of the production
of EMHV (methyl ester from vegetable
oil) with a production output of
328 600 tons. Germany holds the second
European position with 246 000 tons.
Three other countries of the European
Union produce biodiesel fuel : Italy
(78 000 tons), Austria (27 600 tons)
and Belgium (20 000 tons).

A GROWTH TO BE CONSOLITED

Graph 5 shows the current trend as
compared with European Com-

mission objectives. For the conclusion
date of the Campaign for Take-Off, at
the end of 2003, the trend given by
future projects makes it possible to sit-
uate European production in the
neighbourhood of 4.8 million tons.
Current efforts are thus relatively in
phase with Community objectives. On
the other hand, a simple projection of
the current rate with respect to the
year 2010 shows that the target of
renewable energy origin fuel reaching
a 7% share of total European con-
sumption will not be achieved (11.7
vs. 17 million tons). These conclusions
are not definitive ones. Our graph sim-
ply indicates that it shall be necessary
to reinforce European efforts begin-
ning in 2003 in order to conserve a
good growth rate.•

>
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2 - Biodiesel production in
Europe in 2000 (in tons)
EurObserv’ER 2001 - Diester Industrie - 2001

4 - Biodiesel production of the
European Union since 1992 (in tons)
EurObserv’ER 2001 - Diester Industrie - 2001

Year Biodiesel
production

2000 700 600

1999 470 000

1998 390 000

1997 475 000

1996 435 000

1995 280 000

1994 150 000

1993 80 000

1992 55 000
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R 3 - Ethanol production 

in Europe in 2000 (in tons) 
EurObserv’ER / Ademe - 2001

Country Ethanol ETBE
production production

France 91 000 193 000

Spain 80 000 170 000

Sweden 20 000 -

Total 191 000 363 000



THE 2001 
MICRO-HYDRAULIC
ENERGY BAROMETER

MICRO-HYDRAULIC POWER, 
A SURE VALUE

Micro hydroelectricity is a proven
technology which has now

reached maturity. Ideal for electrifica-
tion of remote sites, it also serves as a
complement to national electrical pro-
duction in the case of strong demand
and consumption. The European
Union’s resources are very substantial.
A recent study carried out by the
ESHA (European Small Hydraulic Asso-
ciation) estimates the potential which
is still available in terms of micro
hydraulic power plants (< 10 MW of
unitary power capacity) at 5 939 MW
(including 1 111 MW which could come
from an increase in the capacity of
existing plants and 4 828 MW from
new installations). This estimation,
which takes environmental and eco-
nomic constraints into consideration,
corresponds to an electrical produc-
tion of the order of 24 TWh.

It is estimated that at the end of the
year 2000, the capacity of the small
hydraulic plants installed in the 
European Union was 10 260 MW.
Nonetheless, this figure should be con-
sidered with considerable caution,
since the absence of regular updating
of national installations has lead us to
estimate a part of the capacities. Table 2
indicates the small hydraulic installa-
tion capacities of the member states
of the European Union. Italy and
France remain the leaders in terms of
installed power capacity, with respec-
tively 2 229 MW and 2 018 MW. In
other respects, Spain is the country
which has made the most outstanding
efforts with an additional 570 MW
installed between 1990 and 2000.
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2 - Small hydro power capacity
(<10 MW) installed in European
Union ESHA 2001 -EurObserv’ER 2001
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1 - Available potential 
of small hydro power (in MW) ESHA 2001

A TREND BELOW 
THE 2010 OBJECTIVES

If the average annual growth rate of
micro hydraulic capacities over the

last five years (1.55% per year) is pro-
jected to the end of 2010, installed
capacity values below those levels
sought by the European Commission
are obtained (12 000 MW vs. the
expected 14 000 MW). The 15 years
forecasts of the ESHA are also more
cautious. The European experts who
were questioning in the scope of
BluEAGE (Blue Energy for A Green
Europe) estimate micro hydraulic instal-
lation capacity at 12 862 MW in 2015,
i.e. an average annual growth rate of
1.51% per year with respect to 1999.•

3 - Comparison of current trend with 
White Paper objectives (in MW) EurObserv’ER 2001

1999 2000*

Italy 2 209 2 229

France 1 977 2 018

Spain 1 543 1 573

Germany 1 502 1 514

Sweden 1050 1 062

Austria 848 866

Finland 320 320

Portugal 280 286

United Kingdom 160 162

Belgium 95 96

Ireland 32 33

Greece 48 50

Luxemburg 39 39

Denmark 11 11

The Netherlands 2 2

Total 12 933 17 548

*estimation

Country Upgrading New plants Total

France 300 1 000 1 300

Germany 210 240 450

Sweden 150 300 450

Italy 140 500 640

Austria 127 967 1 094

Spain 100 1 000 1 100

Finland 32 100 132

United Kingdom 20 70 90

Portugal 20 470 490

Belgium 5 26 31

Ireland 5 36 41

Greece 2 100 102

The Netherlands 0 19 19

Total 1 111 4 828 5 939



44 RENEWABLE ENERGY JOURNAL N°12

THE 2001 
GEOTHERMAL ENERGY
BAROMETER

GEOTHERMAL ENERGY 
AT THE RIGHT PACE

Geothermal energy is composed of
two sectors that are characterised

by different technologies and applica-
tions: the production of electricity
(high and middle level temperatures)
and the production of heat (low and
very low temperatures). In updating
the collected data, it became apparent
that the share held by geothermal heat
pumps had been underestimated at
the time of our last barometer. We
therefore decided to make a distinc-
tion with regard to production of heat
in terms of low energy (mainly heating
networks) and very low energy (the
heat pumps).
With regard to electrical production,
the European Union recorded a pro-
gression of 50 MWe in five years time
(756.3 MWe in 1995 vs. 806.3 MWe
in 2000). This effort has essentially
been made by Italy, the only country
of the European Union, along with
Portugal, to truly possess potential
resources in terms of high temperature
geothermal energy (exploitation of
aquifers between 180°C and 350°C).
Production of electricity from geother-
mal energy amounted to 4.8 TWh in
2000 in the European Union.  

ITALY, PORTUGAL AND FRANCE
STILL AHEAD

I taly, Portugal and France (joined by
Greece) are seeking to increase their

installed capacities. In this way, 
in 2010, Italy plans on reaching 
912 MWe, Greece 210 MWe, Portugal
24 MWe and France 19 MWe. These
efforts will bring the capacities put
into service in the European Union 
up to 965 MWe in 2005 and up to
1 165 MWe by the year 2010 (see
graph 2). These figures will exceed
White Paper objectives which are bank-
ing on a total of 1 000 MWe in 2010.
The number of installations are more
difficult to count with regard to low
temperature geothermal energy (pro-
duction of heat). Applications in this
field are very diversified heating
house, heating of greenhouses, heat-
ing of fish farm pools, balneology,
etc.) and their sizes are relatively

1 - Electricity production from geothermal sources
in European Union EurObserv’ER 2001
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2 - Comparison of current trend 
with White Paper objectives for electricity 
production (in MWe) EurObserv’ER 2001

3 - Situation of geothermal low temperature (except geothermal 
heat pumps), in the European Union countries Blue book on geothermal

ressources 1997. World Geothermal Conference 20000, EurObserv’ER 2001

1998                                             2000

Country MWe GWh MWe GWh

Italy 768.5 4 214 785 4 705

Portugal 16 58 16 100

France 5.3 23 5.3 21

Total 789.8 4 295 806.3 4 826

1997                                             2000

Country Power Energy Power Energy  
(MWth) produced (MWth) produced

(GWh) (GWh)

France 309.0 1 289.1 326.0 1 360.0

Italy 313.6 1 010.7 324.6 1 046.2

Greece 22.6 42.3 56.7 106.1

Germany 39.0 85.6 53.2 116.8

Sweden 47.0 141.0 47.0 141.0

Austria 21.1 110.6 27.3 143.1

Portugal 0.8 0.0 5.5 10.0

Denmark 3.5 13.3 4.0 15.2

Belgium 3.9 14.8 3.9 14.8

United Kingdom 2.1 4.8 2.3 5.2

Ireland 0.7 2.1 0.7 2.1

Finland 0.0 0.0 0.0 0.0

The Netherlands 0.0 0.0 0.0 0.0

Total 763.3 2 715.9 851.1 2 961
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small. In the European Union, it is esti-
mated that low temperature geother-
mal energy represented a thermal
capacity of the order of 851 MWth in
2000. The principal producers in 
the European Union are France 
(326 MWth) and Italy (324.6 MWth).
For the past few years, geothermal
heat pumps (very low temperature)
have been undergoing notable devel-
opment. More than 35 000 geother-
mal heat pumps were installed in
2000 (vs. 27 360 in 1999), thus repre-

White Paper

Current trend
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4 - Comparison of current trend with 
White Paper objectives; heat production in MWth 
(including geothermal heat pumps) EurObserv’ER 2001

Concerning low temperature geother-
mal energy, an annual increase of the
order of 50 MWth per year (a realistic
hypothesis), will make it possible to
reach 1 351 MWth in 2010.

STRONG GROWTH FOR
HEAT PUMPS

For very low temperature geother-
mal energy (geothermal heat

pumps), if the sector maintains its
2000 market volume for 10 years, 
it could reach a total capacity of 
4 759 MWth in 2010. The White
Paper provides for a geothermal
energy contribution for the production
of heat amounting to 5 000 MWth 
at the end of the year 2010, divided
equally between low temperature
geothermal energy and geothermal
heat pumps. Our forecasts exceed this
projection with a different breakdown
of the two sectors: one quarter for 
low temperature energy and three
quarters for very low temperature 
geothermal.•

5 - Situation of geothermal very low temperature 
(heat pumps) in European countries 
EDF 2001, EurObserv’ER 2001, Luno 2001

senting a supplementary capacity of
the order of 319 MWth. Their progres-
sion is rather spectacular. In 1995,
they represented a capacity of the
order of 445 MWth vs. 1569 MWth
in 2000. The principal countries of the
European Union implicated in very low
temperature geothermal energy are
Sweden (666.6 MWth), Germany
(423.1 MWth) and Austria (320.2 MWth).
Forecasts in terms of the production of
heat are not as detailed as in the case
of the production of electricity. 

1999                                                                         2000

Country Number Power Energy Number Power Energy

(MWth) (GWh) (MWth) (GWh)

Austria 22 680 272.2 362.8 26 680 320.2 426.7

Belgium 1 500 15.0 25.5 1 950 19.5 33.2

Denmark 250 3.0 5.8 250 3.0 5.8

Finland 6 370 51.3 85.7 7 800 62.8 104.9

France 4 000 48.0 70.8 4 500 54.0 79.7

Germany 18 000 344.0 319.2 22 140 423.1 392.6

Greece 3 0.4 0.9 3 0.4 0.9

Italy 100 1.2 1.8 100 1.2 1.8

The Netherlands 1 200 14.4 21.2 1 500 18.0 26.5

Portugal 0 0 0 0 0 0

Sweden 73 000 500.4 1 522.1 97 253 666.6 2 027.8

United Kingdom 50 0.6 0.8 50 0.6 0.8

Total 127 153 1 250 2 417 162 226 1 569 3 101
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THE 2001 
PHOTOVOLTAIC
BAROMETER

been announced over the past three
years, was finally adopted in March
2001. Around 40 million euro in sub-
ventions have been granted for the
realisation of public, commercial and
residential projects. Financing is lim-
ited to 7.7 euro per peak watt and the
amount can not exceed 75% of total
project cost. In Spain, by a royal
decree of 1998, the power companies
are held to purchase photovoltaic 

PHOTOVOLTAIC ENERGY: 
40% GROWTH

Solar Photovoltaic energy can take
pride in its very high growth. Con-

solidation of the data concerning the
different installed photovoltaic energy
capacities of the European Union have
made it possible to revise forecasts on
capacities upwards. At the end of 2000,
the European Union’s photovoltaic
capacity amounted to 183.5 MWp,
i.e. a progression of 43.6% with respect
to 1999. 

GERMANY: A STIMULATING LAW

Germany, with 113.8 MWp installed
capacity at the end of 2000

(including 100 MWp linked to the
electrical power grid), accounted for a
lot of this growth. It contributed
79.5% of the supplementary capacity
in the European Union, i.e. an addi-
tional 44.3 MWp (including 42 MWp
linked to the electrical power grid).
This considerable success can be
explained by the German law on
renewable energies. This law provides
for a purchase price of 0.5 euro 
per kWh for the first 350 MWp
installed on the electrical power grid.
The Italian programme, which had

1 - European Union installed photovoltaic capacities (in MWp) 
PVPS 2001, 17th EU PVSEC München 2001,EurObserv’ER 2001
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2 - Comparison of current trend with 
White Paper objectives (in MWp) EurObserv’ER 2001

Power installed end 1999                                              Power installed end 2000

Country on-grid off-grid Total on-grid off-grid Total

Germany 58.0 11.5 69.5 100.0 13.8 113.8

Italy 7.6 10.9 18.5 7.9 11.1 19.0

The Netherlands 5.3 3.9 9.2 8.7 4.1 12.8

France 0.3 8.8 9.1 0.6 10.7 11.3

Spain 2.1 7.0 9.1 4.0 7.0 11.0

Austria 2.3 1.4 3.7 *3.1 *1.9 5.0

Sweden 0.1 2.5 2.6 0.1 2.7 2.8

Finland 0.0 2.3 2.3 0.1 2.5 2.6

United Kingdom 0.7 0.4 1.1 1.5 0.4 1.9

Denmark 0.9 0.2 1.1 1.3 0.2 1.5

Portugal 0.2 0.7 0.8 0.3 0.7 1.0

Greece 0.2 0.6 0.8 *0.2 *0.7 *0.9

Total 77.8 50.0 127.8 127.7 55.8 183.5

*estimation

origin electricity at a price of 0.40
euro/kWh for those systems with 
a power capacity lower than 5 kWp
and 0.20 euro/kWh for systems hav-
ing capacities up to 25 MWp. Ever
lower, the purchase price of photo-
voltaic electricity has just been pub-
lished in France (March 2002).
Applicable for a period of 20 years, it
is 0.15 euro/kWh in continental met-
ropolitan France and 0.30 euro/kWh
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THE 2001 THERMAL
SOLAR BAROMETER

THERMAL SOLAR ENERGY
RELAUNCHED

The reactivation and stimulation of
the thermal solar energy sector is

confirmed in the European Union. The
benchmark of one million square
meters being installed in one year has
now been passed. The estimates col-
lected for the year 2000 report that
1 046 140 m2 were newly installed in
the countries of the European Union.
This figure represents a very good per-
formance indeed, because this is
233 640 m2 more than the market
volume of the year 1999. On the
whole, the classification of the differ-
ent countries in terms of the number
of m2 installed annually has only little
evolved with respect to 1999. Ger-
many and Austria continue to be the
two leaders which clearly stand out
from the other countries.

GERMANY SHOWS THE WAY

The German campaign for promo-
tion of thermal solar energy, “Solar

Na Klar”,  has shown just how effective
it is. The first figures available for 2001
indicate that an additional 900 000 m2

were installed vs. 615 000 m2 in

1 - Cumulated surface area 
of solar thermal collectors in the
European Union (in m2) 
EurObserv’ER 2001
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2 - Comparison of current trend with White Paper objectives 
(in thousands of m2) EurObserv’ER 2001

1999 2000*

Germany 2 750 200 3 336 700

Austria 2 020 000 2 150 900

Greece 1 975 000 1 945 000

France 536 700 542 500

Italy 255 000 271 000

Denmark  219 000 242 800

The
Netherlands 214 200 237 300

United 
Kingdom 140 000 130 000

Spain 364 000 369 000

Portugal 160 200 145 400

Sweden 149 000 161 900

Finland 9 000 9 700

Belgium 38 000 39 500

Ireland 1 500 1 500

Luxemburg 1 000 1 000

Total 8 832 800 *9 584 200

*9 878 940 m2 before decommissioning

in Corsica and in the French overseas 
departments.

2010: EVEN MORE EFFORTS

In light of current growth, a 485 MWp
total installed capacity could be

reached for the European Union for
2003. This date corresponds to the
end of the Campain for Take-Off 
initiated in 1999 by the european
Commission, which set a target of 
650 MWp installed capacity. The mar-
ket is much less foreseeable or pre-
dictable in the long term because it is
presently centered too much on a sin-
gle country, Germany. Our forecast for
the end of 2010 corresponds to an
average annual growth rate of 20%
beginning in 2003. This result is,
nonetheless, far from being definitive.
Setting up more ambitious national
programmes and creation of a specific
industry to manufacture “solar silicon”
will make it possible for this sector to
take on a whole other dimension. 
Part of the efforts foreseen by the
European Union is to be found within
the developing nations. The Campaign
for Take-Off provides for exporting
350 000 village photovoltaic systems
(i.e. 350 MWp) in order to give a
boost to decentralised electrification
in developing countries. Concerning
this last point, however, it should be
noted that things have evolved only 
little over the past three years.• >
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THE 2001 BIOGAS
ENERGY BAROMETER

2 - Estimation of gross annual
production of biogas in Europe
in 2000 (in ktoe) 
EurObserv’ER - Solagro 2001

BIOGAS: POTENTIAL 
TO BE BETTER VALORISED

Between 1990 and 2000, Europe
underwent moderate but constant

growth in terms of biogas plants.
Today, it is estimated that there are
nearly 3 000 methanisation plants in
Europe to which the 450 waste stor-
age centers which valorise biogas must
be added. Annual production of these
installations is estimated at 2 304 ktoe.
The sector represents approximately
5% of all the energy resulting from
biomass in Europe. Nevertheless, an
important point must be emphasised:
all the biogas production units do not
necessarily valorise this renewable
energy source in the form of final
energy (electricity or heat). Part of this
production (approximately one half)
does not find any market outlet and
ends up being burnt off in flare stacks.
The United Kingdom is the leading
producer in the European Union. It
shows a biogas production of 897 ktoe
(i.e. 39% of European production)
resulting from a little more than 400
installations. Germany is the second
placed European producer (525 ktoe
produced in 2000). The resource that
experienced the greatest growth in
this country has been agricultural bio-
gas. In 2000, not less than 400 sup-
plementary installations of this type
were put into service for an estimated
total of 1 050 units. France (third place
position in Europe) possesses a formi-
dable biogas potential (estimated at

1 500
Urban sewage 
purification 
plants
(800 000 toe)

400
Industrial sewage 
purification plants
(600 000 toe)

50
Collective 

co-digestion units
(40 000 toe)

450
Rublish dumps
(60 000 toe)

60
Methanisation units
of municipal waste

(900 000 toe)

1 500
Decentralized 

agricultural 
biogas plants 
(50 000 toe)

1 - Number of installations per biogas deposit in Europe (in 2000)
EurObserv’ER 2001

Country Production in ktoe

United Kingdom 897

Germany 525

France 167

Italy 143

The Netherlands 143

Sweden 120

Spain 101

Denmark  72

Belgium 48

Austria 36

Ireland 24

Finland 17

Portugal 7

Luxemburg 2

Greece 2

Total 2 304

2 000 (+ 46.3 %). Thanks to a forceful
communication plan, the German
campaign has been able to instil a por-
tion of the population and the thermal
sector professionals (heating special-
ists, plumbers, thermal specialists,
etc.) with the solar “reflex”. After hav-
ing maintained an annual growth rate
of 46% in 2000 and in 2001, Ger-
many is now banking on an annual
growth of 30% per year between now
and 2005. On the French level, with a
volume of 46 000 m2 installed in
2001, the national domestic market is
beginning to feel the effects of the
“Plan Soleil”. The objective of French
industrialists is perfectly attainable:
installation of one million square
meters per year beginning in the year
2010. This growth rate corresponds to
a doubling of the capacities installed
each year.
At the end of 2000, the total thermal
solar collector surface of the European
Union amounted to more than 9.6 mil-
lion square meters, i.e. a growth of
8.5% with respect to 1999. This total
takes into consideration a hypothesis
of decommissioning after 18 years for
glazed collectors and 12 years for sim-
plified unglazed collectors.

COMMON EFFORT MUST BE DONE

Thermal solar energy sector develop-
ment prospects remain good for 

the years to come. Taking the efforts
of each country into consideration,
European capacity should reach 
80 million m2 in 2010. This total figure
is, however, below the European Union
objective which targets 100 million m2

being installed by this date. On the
other hand, the forecasts for the year
2003 are better since the current trend
leads us to believe that European
capacity will be situated in the neigh-
bourhood of 19 million m2 vs. a much
more modest objective of 15 million
for the Campaign for Take-Off.•

>
E

u
rO

bs
er

v’
E

R



RENEWABLE ENERGY JOURNAL N°12  49

trical production resulting from cogen-
eration. In this case, the raw material
is valorised in the form of steam trans-
formed into heat, and a part of this
steam is used to produce electrical cur-
rent. According to the IEA, electrical
production of wood energy origin in
1999 was 17.3 TWh in the European
Union. In order to reach White Paper
targets, and if reference is made to the
production level in 2000, Europe is
going to have to produce an additional
52.7 million toe from wood between
now and 2010. The most important
efforts will have to be made in the
field of electrical production. To do
this, it will be necessary to solve the
technical and financial problems
encountered by cogeneration plants as
quickly as possible, and above all
adopt purchase prices for electricity of
wood energy origin that are really
motivating ones.

A RESSOURCE LARGELY 
UNDER-EXPLOITED

Is the current rate of development
and growth sufficient? To try be able

to know this, we have projected the
efforts made by the different member

1 - Production of primary energy
from wood in the European Union
EurObserv’ER 2001

Country Production Production
in 1999 in 2000

(million toe) (million toe)

France 9.8 9.8

Sweden 7.7 8.3

Finland 7.8 7.5

Germany 4.7 5.0

Italy 4.5 4.6

Spain 3.6 3.6

Austria 2.9 3.0

Portugal 1.7 1.7

United 
Kingdom 1.0 1.0

Greece 0.9 0.9

Denmark  0.8 0.9

The
Netherlands 0.5 0.5

Belgium 0.3 0.3

Ireland 0.1 0.2

Luxemburg 0.0 0.0

Total 46.3 47.3

THE 2001 WOOD
ENERGY BAROMETER

3.5 million toe, i.e. the greatest in
Europe) that it is exploiting parsimo-
niously. Annual biogas production in
France is found in the neighbourhood
of 167 ktoe.

30% GROWTH IS NECESSARY

The European Commission is targe-
ting 1 000 megawatts of installa-

tions at the conclusion of the
Campaign for Take-Off (at the end of
2003) and 15 million toe of biogas
production in 2010. As of present, the
first threshold and benchmark has
already been passed. On the other
hand, the 2010 objective is going to
be much more difficult to attain.
Beginning in 2003, only an annual
growth rate of 30% will make it possi-
ble to reach the threshold as desired
by the European Commission.•

HEAT AND ELECTRICITY

In the European Union, it is esti-
mated that 58% of the primary

energy supplied by the different
renewable energy sectors comes from
wood. In this way, far from the media
impact of wind turbines or the impos-
ing power of large scale hydraulic
dams, the wood energy sector is based
on an ancient and traditional exploita-
tion of the potential of the European
forest (more than 100 million
hectares). France is one of the coun-
tries that produces the most primary
energy from wood. In 2000, it is esti-
mated that 9.8 million toe were pro-
duced in this way. The other “big”
wood energy countries in Europe are
Sweden (8.3 million toe) and Finland
(7.5 million toe). Even though thermal
uses (individual heating, collective and
industrial boiler plants) represent the
essential part of primary energy pro-
duction, there is also a sector of elec-
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3 - Comparison of current trend with White Paper targets 
(in millions of toe) EurObserv’ER 2001
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This second renewable energy
assessment barometer confirms cer-

tain trends that were observed in our
previous edition. Firstly, we are wit-
nessing a rise in prominence of indus-
tries that are more and more
structured as well as the emergence of
mature technologies. Good examples
recorded among the different renew-
able energies sources: wind power,
photovoltaic energy and solar thermal
energy. Nevertheless, the industrial
and technological sectors are far from
being identical in the different coun-
tries of the European Union. Each
country has its own proper policies and
potential. For example, Finland and
Sweden are at the technological cut-
ting edge in the field of wood energy.
Denmark and Spain have developed a
very first-rate wind power industry.
France is the leader in the field of bio-
fuels, Italy in geothermal energy and
Great Britain in biogas. Germany is
largely ahead of its partners, at least at
the level of installed capacity, in three
fields: wind power, photovoltaic
energy and thermal solar energy.
Today, this diversity and this comple-
mentarity have made it possible for the
European Union to be on the cutting
edge of technological progress in terms
of renewable energies. At the present
time, it is also the only region of the
world that is really involved and impli-
cated in developing new renewable
energies (thermal solar, wind power
and photovoltaic).
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2 - Comparison of the present  trend with White Paper 
objectives (in Mtoe) EurObserv’ER 2001

CONCLUSION: RENEWABLES ON RIGHT TRACK

states of the European Union by 
taking stated national objectives into
consideration, when such objectives
exist, or in applying an average growth
rate to the sector as a function of its
current level of development (10%
average annual growth for the least
advanced countries and 1% for the
leaders). The obtained results place
energy production from wood energy
for the European Union in the neigh-
bourhood of 62 million toe in 2010,
very far below the 100 million which
is needed to achieve White Paper
objectives.•

Renewable energy sources Consumption Consumption White Paper  
(in Mtoe) in 1995 in 2000 projection

for 2010

Wind power 0.35 1.83 6.89

Hydroelectricity

(pump storage excluded) 24.8 27.00 28.8

Photovoltaic 0.002 0.011 0.26

Biomass 44.8 48.65 135

Geothermal 2.50 3.42 5.2

Solar thermal collectors 0.26 0.38 4

Total for renewable energy sources 72.7 81.3 180.16 

Total for gross energy consumption 1 366 1 460 1 581

Part of renewable energy 5.3% 5.6 % 11.40% 

1 - Gross energy consumption from renewable sources 
in European Union (in Mtoe) EurObserv’ER 2001
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27,00
Hydroelectricity

(pump storage 
excluded)

48,65 
Biomass

0,38 
Solar thermal

1,83 
Wind power

3,42
Geothermal

0,011
Photovoltaic

4,8 
Geothermal

28,1
Biomass

0,13
Photovoltaic

21,3 
Wind power

274 
Hydraulic:
large units

40
Hydraulic:
small units

3 - Structure of electricity production from renewable sources 
in 2000 (in TWh) EurObserv’ER 2001

4 - Electricity production by renewable energies 
in European Union (in TWh) EurObserv’ER 2001

2 - Structure of gross energy consumption from renewable sources 
in 2000 (in Mtoe) EurObserv’ER 2001

Secondly, the political context of
development of renewable energies

in Europe is beginning to become
strongly structured. The objectives put
forward by the European Union are the
best testimony to this situation. 
Nonetheless, these objectives will be
difficult to meet if the consumption of
primary energy, and in particular that 
of hydrocarbons, continues to progress
in a constant manner. The share held
by renewable energy sources in total
primary energy consumption has been
appreciably the same since 1995
(+ 0.3% in five years) and this in spite
of an increase of nearly 9 million petrol
equivalent tons of renewable energy
consumption. The situation is slightly
more favourable for production of
renewable energy origin electricity,
with a share of 14.4% in 2000 (+ 0.7%
with respect to 1995). Maintaining
energy consumption at the 1995 level
would have made it possible to reach
15.8% in 2000. And we must not
loose site of the fact that renewable
energies will only be able to succeed in
facing up to the environmental chal-
lenges of the 21st Century if they are
accompanied by a policy of strong con-
trol of energy consumption.•

This barometer was prepared by Observ’ER 
in the scope of “EurObserv’ER” Project which
groups together Observ’ER, Eurec Agency,
Eufores and O.ö. EnergieSparverband with the
financial support of the Ademe and DG Tren
(Altener Programme).

Renewable energy sources Production Production White Paper  
(in TWh) in 1995 in 2000 projection

for 2010

Wind power 4 21.3 80

Hydraulic: large units 251 274 *280

Hydraulic: small units (< 10 MW) 37 40 55

Photovoltaic 0.03 0.13 3

Biomass 22.50 28.1 230

Geothermal 3.5 4.8 7

Total for renewable energy sources 318.0 368.3 655

Total for gross energy consumption 2 327.6 2 559.8 2 850

Part of renewable energy 13.7% 14.4% **23%

* The White Paper projects 300 TWh, including pump storage

** A European Directive brought the objective down to 22.1% of the gross electricity consumption 

in September 2001

E
u

rO
bs

er
v’

E
R



European Commission news

ast April 9th, the European
Commission announced
the launch of a new pro-
gramme of actions in the

energy field, "Intelligent Energy for
Europe". This programme is inten-
ded to express in the form of actions
the broad lines outlined in the
Green Paper of November 2000 (1),
aiming to reinforce security of
energy procurement, to fight against
climatic change and to stimulate
competitiveness of European 
Union firms. 
" Intelligent Energy for Europe "
shall finance local, regional and
national initiatives. It is resolutely
oriented towards support of renew-
able energies and energy efficiency.
Valid for the period of 2003-2006,
the programme has been accorded
a budget of 215 million euro, and
follows upon the European action
developed in the “energy”
framework programme (period
1998-2002). But, in a more
ambitious way, it presents a much
more affirmed coherency and 
integration of the different actions

carried out up until now. The new
programme comes as a complement
to the directives adopted or that 
are in the process of being adopted
concerning electrical production
from renewable sources, biofuels
and energy performances in
buildings. It is composed of four
parts: 
- promotion of renewable energies
("Altener", which follows upon 
and reinforces the previous Altener
programme);
- support of energy efficiency
("Save" which follows upon and
reinforces the previous Save
programme);
- international action reoriented
toward two priorities: promotion 
of renewable energies and energy
efficiency ("Coopener", which
replaces, in particular, the Synergy
programme);
- energy in the transportation field
("Steer"). This last part is something
new. In particular, it expresses com-
mon policy orientations in terms of
transport, as defined in the White
Paper on transports (2).
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F O R  " I N T E L L I G E N T "  E N E R G Y  AC T I O N

I n c reas ing  energy  dependence  and  an  uncont ro l l ed  d r i f t  o f  g reenhouse  gas  emis -

s ions:  the present  European Union trends are  inc i t ing  a  radica l  modif icat ion in  Com-

mun i t y  po l i c y  i n  t he  f i e ld  o f  ene rgy.  Now,  wh i l e  con t i nu ing  to  suppor t  t he

deve lopment  o f  r enewab le  ene rg i e s ,  Eu ropean  po l i c y  i s  endeavour ing  to  con t ro l

energy  demand.  A  reor ientat ion  and sh i f t  expressed by  the  brand new programme

presented by the European Commiss ion,  " Inte l l igent  Energy for  Europe".

Consumption
habits have to
change

Up until now, the European
Union's energy policy has

essentially been limited to influenc-
ing the energy offer by notably sup-
porting the development of certain
sectors. However, it is an accepted
fact today that the room for
manoeuvre in this field is limited,
and is, in any case, insufficient to
reach the targets of the Green Paper,
or those of the Kyoto Protocol on
reduction of greenhouse gas emis-
sions. 
If we do not change our consump-
tion habits and our energy produc-
tion system, the European Union
shall be importing more than 70%
of its energy supplies in 2030. This
dependence brings with it numer-
ous economic, political and envi-
ronmental risks, as was shown by
the sharp increase in prices at the
end of the year 2000. By way of
example, 95% of our needs in oil
shall have to be covered by imports.
This is particularly true in the trans-
port sector, which is almost com-
pletely dependent on oil. > page 55

215 million euro budget
The financial support (see next page), which could reach 100% 
of the costs for certain actions (studies, coordination actions, or even 
certain measures), shall be attributed according to criteria such as: 
- Improving energy efficiency by approximately 1% per year;
- Increasing the share of renewable energies in total consumption from 
6% to 12% in 2010 ;
- Increasing the share of electricity produced from renewable sources 
to 22.1% in 2010;
- Increasing electricity production resulting from cogeneration between 
now and the year 2010;
- Developing the potential of renewable energies;
- Promoting the mechanisms of the Protocol of Kyoto. >

L
(1) 
http://europa.eu.int/comm/energy_transport/
en/lpi_lv_fr1.html
(2)
http://europa.eu.int/comm/energy_transport/
en/lb_fr.html



European Commission news

> For the period of 2003-2006, several policy decisions shall have to be
financed and they justify a reinforcement in terms of budget with respect to
the former programme:
- new European Union policy orientations, notably its strategy of sustainable
development;
- directives in the fields of renewable energies and energy efficiency;
- widening of the European Union with the entry of new member States,
which will take place beginning in 2004;
- international actions which must be reinforced, in particular, in the scope 
of the implementation of the Protocol of Kyoto mechanisms to fight against
climatic change.
In comparison, the Altener and Save sections shall benefit from a 40%
increase in their credits with respect to the 1998-2002 framework programme.
International cooperation, via Coopener, is even going to see its budget
increase by 60%, but its total still remains the most modest of the four parts
of the programme.
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215 million euro 
for four years

The budgetary breakdown envisaged
for the "Intelligent Energy for Europe"

programme is the following.

By way of comparison, the sum 
of 175 million euro was granted to 
the energy framework programme 

(1998-2002).

(millions of euro)    2003 2004 2005 2006 Total

Save 21 18 18 18 75

Alterner 23 21 21 21 86

Coopener 2 5 7 5 19

Steer 4 11 9 11 35

Total 50 55* 55* 55* 215

* a supplementary budget of 50 million euro could be envisaged in the scope 
of the widening of the European Union.



Ancestors of "Intelligent Energy for Europe"

E
uropean Community actions of non-technological

support in the fields today taken charge of by the

"Intelligent Energy for Europe" programme began 

in 1991 with the Save programme for promotion of energy

efficiency, followed in 1993 by the Altener programme for

development of renewable energies. Since 1998, these

actions, along with the Synergy, Etap, Sure and Carnot 

programmes, have been grouped together in the framework

programme covering several years concerning actions in the

field of energy, and established for the period of 1998-2002.

It has been funded with 175 million euro, broken down as

follows: 5 million euro for Etap (prospect analyses and mar-

ket monitoring),15 million euro for Synergy (international

energy cooperation), 3 million euro for Carnot (solid fuels

and clean technologies), 9 million euro for Sure (coopera-

tion in the nuclear sector), 77 million euro for Altener

(promotion of renewable energies) and 66 million euro for

Save (promotion of energy efficiency).

European Commission news
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> With regard to CO2 emissions, the
European Union has committed
itself to reducing these levels by 8%
with respect to their 1990 level by
the year 2010. Here again, if nothing
is done, the projections of the Euro-
pean Agency for the Environment
show that the total emissions of the
UE fifteen member States shall
show a clear increase between 1990
and 2010. Once again, the transport
sector can be considered as the
principal guilty party. While the
transport sector only represents
28% of CO2 emissions today, it is
going to be responsible for 90% 
of the increase between 1990 and
2010.
Since the growth of clean energies
is powerless to curb these powerful
trends – even though it is extremely
spectacular especially in the field of
wind power – the "Intelligent Energy
for Europe" programme expresses a
clear-cut shift in re-equilibrating
actions in favour of a control of
energy demand.



European Commission news
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✹THE KEY SECTORS

> 1 million photovoltaic (PV) systems
> 15 million square metres of solar thermal
collectors
> 10 000 MW of electricity produced 
from wind-power generators
> 10 000 MWth produced by 
co-generation installations, using biomass
as a primary fuel
> 1 million households heated from 
biomass fuel
> 1 000 MW generated by biogas 
installations
> 5 million metric tons of liquid bio-fuels
There are also targets for the geothermal
power and small hydro engineering 
sectors. And a specific action: the 
“100 communities” aimed at 100% of
Renewable Energy Sources (RES) supply.

✹CAMPAIGN FOR TAKE-OFF 
AWARDS - YEAR 2002 ROUND:
HOW TO PARTICIPATE?

To participate, you have to complete and
return the CTO awards questionnaire 2002.
The questionnaire has to be returned to
Observ’ER before Monday 30 Sept. 2002.

Competition address: Observ’ER -
146 rue de l’Université - F-75007 Paris.
Tel: 33(0)1 44 18 00 80
Fax: 33(0)1 44 18 00 36
Email: Observ.er@wanadoo.fr
Contact: Loïc A. Blanchard
The questionnaire is available on the 
Internet:
www.europa.eu.int/comm/energy/en/
pfs_altener_en.html
www.energies-renouvelables.org

The ceremony to present the prizes will
take place towards the end of 2002.

✹THE 2002 CATEGORIES 

The jury will be rewarding the RE 
Partnerships as follows:
> Best national RE Partnership
> Best regional RE Partnership
> Best local* RE Partnership
> Best industrial RE Partnership
> Best RE Partnership with Developing   

countries
> 100% Communities: Urban
> 100% Communities: Rural
> 100% Communities: Islands

* Local RE Partnership includes city and island.

THE CAMPAIGN 
FOR TAKE-OFF AWARDS

T he Campaign for Take-Off Awards is a competition rewarding efforts
made in promoting renewable energy and showcasing successful

projects and initiatives all over Europe. The Campaign for Take-Off
Awards would be granted every year to the best programmes. In 2002,
the third round is organised.
The competition “Campaign for Take-Off Awards” is open to all those
who have signed a “Renewable Energy Partnership” with the Directorate
General for Energy and Transport of the European Commission.


