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ABSTRACT

The expansion of geothermal energy in France began as the result of the energy crisis in the
1970s, with an important development of activity from 1978 to 1987, when the energy
prices fell. During this period, more than 70 geothermal district heating plants using low-
enthalpy resourceswere set up and researches were initiated into the field of Hot Dry Rock
(HDR). In addition to these two major activities, other actions were carried out, such as:

® promotion of ground water heat pumps for building heating,
e prospecting of high-enthalpy resources in the French Overseas Departments,

e implementation of plants using low-enthalpy resources for fish farming and greenhouse
heating.

In the early 1990s, in view of the cheap energy prices, the authorities decided to
progressively reduce their financial support for the promotion of renewable energies.
Nevertheless, they maintained support for two priorities as regards geothermal energy:
resolving the scaling and corrosion problems affectingthe geothermal district heating plants
located in the Paris region and the continuation of the HDR research programme.

In 1997, with the Greens being elected into the French Parliament and with the necessity of
controlling CO, emissions following the recommendations announced during Kyoto
Conference, the French authorities once again began to express their interest in renewable
energies and energy management. In 1998they decided to increase their financial support for
these activities. An active policy managed by ADEME was set up and became in operation
in the beginning of 1999 with the following priorities being planned for geothermal energy:
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* continuationof the HDR programme,
e dissemination of ground-sourceheat-pump technologies,
e developmentin the use of high-enthalpy resources in the French Overseas Departments,

e developmentin the use of low-enthalpy resources with an extension of the existing
geothermal district heating plants to new consumers.
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1. Introduction

Over the past 20 years, the French have specialised in the development of low-enthalpy
geothermal energy resources for urban heating. They also initiated a research programme
into the Hot Dry Rock (HDR) potential; this rapidly became a European Research
Programme with the participation of the European Union and several European countries.

Following a period of low energy prices, and thus minimal interest for research into
renewable energies, in the late 1980s and early 1990s, the French authorities decided in
1998 to boost theses non-polluting energies in France, thus offering new perspectives for
the development of geothermal energy. The French geothermal experience and the
perspectives for this energy in France over the next years are the subject of this paper.

2. Geothermal resources in France

France's geothennal resources are mainly low-enthalpy from several aquifers containing hot
water at temperatures over 50°C in the two country's major sedimentary basins: the Paris
Basin, around Paris, and the Aquitaine Basin in the South West.

High-enthalpy resources exist only in France's Overseas Departments: effectively in
Guadeloupe and Martinique, two islands situated in the Caribbean Sea, and probably in La
Réunion, an Indian Ocean island situated near Madagascar.

France's metropolitan regions also contain a lot of shallow aquifers suitable for exploitation
with heat pumps.

Work on the inventory of France's national resources was carried out by BRGM (the French
Geological Survey) in collaboration with EIf Aquitaine (a French oil company). This work,
especially for low-enthalpy resources, resulted in detailed mapping of depth, temperature,
salinity, transmissivity, lithology and thickness for each reservoir.

The characteristics of the France's geothennal resources led, in the early 1980s, to the
developmentof direct-use applications, especially through district heating systems.
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3. Geothermal district heating systems

3.1 Review

1969: MELUN L'ALMONT — THE FIRST PLANT

The first French geothermal district heating plant was constructed in 1969 at Melun
'Almont, a town situated in the Paris region, for heating 3 000 housing units. Using a
geothermal resource issued from the Dogger reservoir, a carbonate aquifer lying at 2 000 m
depth and containing large quantities of dissolved salts and gases, this was the plant where
the doublet concept (a production well associated on the same site as a reinjection well)
was initiated.

The Melun plant, which is still operating, is also the site where the triplet concept was
initiated in 1995 with the addition of a second production well. This well, of larger
diameter and protected against corrosion with a combined steel casing / fibreglass lining,
was added to the existing 'doublet’ loop and designed to operate in 'triplet'. The operation
of two production wells and one reinjection well made it possible to increase the
geothermal water production and to connect, in 1998, a further 2 200 dwellings to the
geothermal district heating system.

1980-1986: INCREASE IN THENUMBER OF GEOTHERMAL DISTRICT HEATING PLANTS

In view of the success of the Melun Plant - a plant that had been in operation for 11 years
without any problems - the French authorities, confronted with the second oil crisis in
1980, decided to encourage the development of such installations within the framework of a
supportpolicy for renewable energies.

The result was that more than 70 plants, essentially devoted to urban heating, were set up
between 1981 and 1986 in two main regions: the Paris Basin and the Aquitaine Basin.
These plants benefited from the favourable conditions that existed at that time, i.e.:

e High energy costs and a rate of inflation that favoured investment,

*  Governmentincentives, such as the creation of a panel of experts to examine projects
and propose financial aids,

* An insurance covering the drilling phase, accompanied by a 15-year guarantee on the
resource. This policy, still in effect, was one of the major determining factors for
persuading owners to choose geothermal energy.

e Regulations governing the exploitation of the subsurface and defining the rights and
responsibilities of all involved.

SITUATION AT THE END OF 1986

By the end of 1986, 74 geothermal plants were in operation: 54 in the Paris Basin, 15 in
the Aquitaine Basin and 5 in other regions. Few geological failureshad occurred during the
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drilling phase — the success rate had been 92% in the Paris Basin and 75% in the Aquitaine
Basin, although only 11% outside these two regions.

1986-1990: THE CRISIS

1986 saw the dawn of a new energy context with a drop in energy prices and technical
difficulties beginning to affect some of the geothermal plants in the Paris Basin.
Consequently, geothermal energy was plunged into a depression.

Several reasons contributedto this new situation:

e The prices of geothermal energy were indexed to those of fossil fuels, so revenues
steadily decreased.

¢ The decreasing inflation rate from 1986 led to a progressively increasing the difference
between the inflation rate and the interest rate of the loans incurred in the early 1980s
to set up the plants (most of the installations had been largely financed through loans).

s The Dogger aquifer,which is exploited by all the existing geothermal plants in Paris
Basin, contains large quantities of dissolved salts and gases that must be reinjected.
This led to technical problems related to scaling on the metal parts of the geothermal
loops due to the corrosivenessof the sulphide-rich geothermal fluid.

e The lack of competence of the owners of the plants (these generally being the local
communities) for resolving the financial and technical problems affecting the
geothermal plants.

1987-1993: SOLUTIONS TO THE CRISIS

To improve the financial situation of 30 plants in the Paris Basin that showed a deficit, the
Prime Minister assigned a Prefect the task of finding permanent solutions that would
balance the budget of operating plants. Following negotiations with each owner, a protocol
was signed with the French Government defining the obligations of all the parties (debt
refinancing, lowering of interest rates, level of financial contribution from the cities, etc.).
The few plants that were not able to break even over the medium term were shut down.

To resolve the technical problems, notably corrosion and scaling of the metal casings, a
two-part technical protection project was set up: one programme was devoted to basic
research on the problems encountered, and the other to the experimentation and validation
of new techniques. Major funding for both programmes was provided by ADEME, with
BRGM and European Community, with two priority themes being defined curative
techniques for the elimination of scale and the reconditioning of the boreholes to restore the
hydrodynamic well characteristicsto a condition as close as possible to the initial state,
and preventive methods for combating corrosion and scaling (well bottom treatment tubing
- WBTT - with continuous injection of corrosion inhibitors).

The results have been very encouraging and a ten-fold decrease in casing corrosion was
noted after the installation of such a treatment. Afterwards, all the Paris Basin operations
were equipped with WBTT,with the financial support of ADEME.
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THE PRESENT SITUATION

Out of the 74 plants operating at the end of 1986, only 61 are still in operation today: 41 in
the Paris region, 15in the Aquitaine Basin, 5 in other regions. They heat and produce hot
water for around 200,000 housing units, which corresponds to an annual substitution of
170,000 TOE and diminishes the emission of CO, by 650,000 tons per year.

In tenns of economy, and in spite of a context of low energy prices, around one third of the
plants in the Paris Region are profitable, one third break even and one third shows a deficit.
Nevertheless, regardless of the varied competitiveness of the existing geothermal district
heating plants, it can be shown that a new plant taking into account all the experience
gained in recent years concerning design, exploitation, legal and financial existing aspects,
would be certainly competitive with natural gas.

3.2 Perspectives

Geothermal installations require a very heavy capital investment, i.e. between 60 and 90
million French Francs for a standard plant. It is understandable, therefore, that the present
contextof low energy prices is not conducive to public or private operators for developing
new plants.

One of ADEME's activities over the next few years will be to support the existing plants
through continuing the efforts made to optiinise and develop them. For example, the
potential of hooking up more than 30,000 housing units to existing plants has been
identified in the Paris region. This, mostly concerns new housing units in which the
heating elements will be adapted to low temperatures. In most of these cases, 100% of the
heating-energy demand can be covered without any additional investment in heat
production. In this respect, a support procedure based on a grant of 400 Euro per ton of coal
substitutedby geothermal energy has been initiated for extending the heating networks.

Another measure is to extend the duration of the guarantee against the long-term geological
risk. Initially programmed for 15years, the Long Tenn Guarantee System will be extended
by a further 10 years. Ifpossible, ADEME will also encourage the development of one or
two new plants that takes into account all the experience gained to date. In this way
ADEME hopes to demonstrate that a geothermal district system could be an interesting
alternativeto conventional heating systems.

4. Research into the Hot Dry Rock potential

As well giving the priority to the development of geothermal district heating plants in the
early 1980s, France decided to support research into the potential of Hot Dry Rocks. The
objective of this research is to develop an engineered system whereby geothermal energy
can be extracted from hot rocks that are dry, or with only a low permeability, by artificially
fracturing the rock mass and circulating fluid through it. The potential is high, since this
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type of rock constitutes the major part of the earth's crust and contains a considerable
amount of stored energy.

After preliminary experiments in France, it was accepted that such research could not
continue without the contribution of other countries. So, in 1987, a French/German
collaboration agreement was signed aimed at undertaking a common HDR research
programme at Soultz-sous-Foréts, situated in the former Pechelbronn oil field in north of
Strashourg near the border between France and Germany. This is a very suitable site since a
high heat flow had been observed in a large number of oil wells when the field was
operational and there was the possibility of re-using old abandoned oil wells.

This Programme rapidly became an European Research Programme when the European
Union, interested by the research being undertaken, decided in 1989 to add its financial
support. Eleven years after the beginning of this programme, the results of the experiments
that have been carried out through scientific co-operation between French, German, British,
Italian, Swiss and Swedish teams, are leading to the progressive validation of an original
concept for Hot Dry Rock exploitation. For this reason the experiences of the European
HDR research programme are now becoming one of the key elements in world-wide
geothermal HDR research strategy: other major experimental programmes are being run in
Japan, are under preparation in Switzerlandand the USA, and are planned in Australia.

The three main phases of this long-term research programme are:
o the scientific evaluation of the Soultz-sous-Foréts experimentation site (1987-1997),
o the constructionand testing of a scientific plant (1998-2005),
¢ the construction of an industrial prototype plant (from 2005).

The results of a four-month circulation experiment in 1997 are the best obtained anywhere
so far for an HDR system, and have demonstrated that the concept developed at Soultz-
sous-Foréts is very hopeful. This consists in establishing connections between boreholes
and an open natural fracture system by injecting water at great depth under high pressure,
and then adjusting the pressure in order to force the water to migrate between the wells
using the natural fracture system. As a result of this success, a three years complementary
programme is presently in progress to preparing the planned scientific plant. This will
comprisea module of three wells, i.e. a central injection well and two production wells.

5. Other activities

Apart the two major activities described above, France has also initiated actions to exploit
both very low enthalpy resources and high-enthalpy resources.

5.1 Very low enthalpy resources

As mentioned in the brief presentation of France's geothennal resources, the country
contains a lot of geographically well-spread shallow aquifers (less than 100 m depth). In the
early 1980s, these resources began to be exploited with heat pumps, essentially for
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collective or individual building heating. At present, several thousand such plants exist and
contribute to substituting some 40,000 TOE/year.

Also during the early 1980s, some demonstration plants using groundwater heat pumps
were implemented and evaluated. These covered such areas as combined drinking water and
heat production, energy storage in the aquifer (warm-well/cold-well system), and the
coupling of solar energy and groundwater energy (i.e. the use of solar collectors during
summerto thermally recharge the exploited aquifer). Most of these demonstration plants are
still in operation.

In the middle 1980s, with the drop in energy prices, groundwater heat pumps became less
and less competitive in comparison with more conventional heating technologies, and so
these activities rapidly ceased.

Then, in the early 1990s, a renewed interest for groundwater heat pumps was noted in
connection with the development, in France, of central air-conditioning in buildings.
Effectively, when a system such as a reversible heat pump can satisfy both heating and
cooling requirements, then its competitiveness is greatly enhanced.

Facing this renewed interest and taking account of the commercial development of ground-
coupled heat pumps with closed loop systemswith horizontal or vertical heat exchangers in
North America and in some European countriessuch as Switzerland, Germany, Sweden and
Austria (systems, still not well known in France), ADEME and EDF - the French
Electricity Board - decided in 1997 to signed an agreement in order to promote in France
all these technologies (also called geothermal heat pumps).

Within the framework of this agreement, a demonstration programme, devoted in particular
to ground-coupled heat pumps with vertical heat exchangers, is being set up in 1999. It is
planned, over the next year, to implement around 100 well-instrumented plants for
residential dwellings in order to obtain a better understanding of these systems, and then to
disseminate them throughout France. At the same time, actions will be undertaken to
promote the use of groundwater heat pumps for the cooling and heating of commercial and
institutional buildings.

5.2 High enthalpy resources

The existence of potential high-enthalpy resources, prospected in the France's Overseas
Departments during the 1970s, has recently led to an interest in the use of these resources
for producing electricity.

Three French Overseas Departments are concerned Guadeloupe and Martinique in the
Caribbean, and La Réunion in the Indian Ocean. These are all volcanic islands, with
400,000 to 600,000 inhabitants, where the energy situation is quite different from that in
metropolitan France. Electricity is produced by conventional diesel-powered plants using
imported oil and thus production costs are high. To face up to this situation, it was
decided in the early 1990s to develop energy policies in these departments that call T
improved management and a greater use of renewable energies, including geothermal
energy.
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The only active high-enthalpy geothermal operation at present is the Bouillante plant in
Guadeloupe. The development of this operation began in 1984 when EDF built a small
double-flashpower unit (4.7 MWe) that was connected to the local grid in 1985. However,
EDF, not being really specialised in geothermal energy, the unit was closed down in 1991
after a lot of problems.

Faced with this situation, ADEME succeeded in persuading EDF to enter into close
collaborationwith a subsidiary of BRGM specialised in geothermal power plant activity,
with the aim of reopening the Bouillante plant. Detailed studies led to a simplification of
the installation design and the power unit was reconnectedto the grid in 1996. Today this
plant produces 2% of Guadeloupe's electricity.

The next planned phase is to develop the Bouillante field with the objective of increasing
its production capacity to 15 MWe (i.e. 10% of the Guadeloupe's electricity supply). To
this end, an insufficiently productive well drilled in 1974 was successfully stimulated at the
beginning of this year by the injection of a large quantity of cold water to enlarge the
existing fractures. In addition, three new production wells will be drilled at the end of
1999.

Development of the geothermal electricity potential is also expected in Martinique and La
Réunion. These two French Overseas Departments were also prospected in the past.

In Martinique, 3 exploration wells will be drilled at the end of 1999 in order to confirm the
existence of a high enthalpy reservoir in the Lamentin area (areasituated in the proximity of
the international Airport of Martinique). In case of successful results, the construction of a
geothermal power unit will be considered. In La Reunion complementary studies are
necessary and planned.

6. Conclusion

Compared to the situation during the early 1990s, there has recently been a renewed interest
on the part of the French authorities and the private sector in the potential of geothermal
energy. Although the present context of low energy prices is not really favourable for a
major development of renewable energies, the advantages of these energies in terms of the
environmentare so obvious that they will inevitably take a more important slice of the
energy contribution in the next years.

This renewed interest for geothermal energy has been accompanied by a broadening of the
development potential for geothermal energy in France. This is due in part to a
diversification of the exploitable resourcesand in art to a diversificationin the end-users.

In metropolitan France, the greatest potential for development would appear to be in the
area of geothermal heat pump technologies for air-conditioning (alternate heating and
cooling depending on the season) buildings, i.e. ground source heat pump systems. The
other area for major development, although still in the longer term, is the Hot Dry Rock
potential.
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In France's overseas departments, we note an increasing interest for geothermal electricity
production.

As regards the existing low-enthalpy operations in France, we can expect to see continued
improvement in the production of geothermal heat, despite the fact that no new plants have
been constructed. In particular, several positive factors are to be noted where the geothermal
urban heating plants in the Paris Basin are concerned, i.e. the 36 doublets and 1 triplet
exploiting the deep Dogger aquifer:

e From a technical standpoint, and despite the ageing of the plants (all at present are
between 12 and 30 years old), there has been no increase in the number of adverse
incidents. The corrosion problem appears to have been checked, and the use of
corrosion inhibitors is now standard. In addition, we have seen no deterioration in the
characteristicsof the geothermal resource as far as temperatureand yield are concerned.

e From the financial standpoint, following the debt refinancing in the early 1990s and
taking advantage of a new legislative context with favourable incentives for the
development of gas CHP, many of the geothermal plants have recently equipped
themselves electricity production systems, and deliveringthe residual heat to the urban
heating network. The advantageous conditions offered by EDF for purchasing the
produced electricity has greatly improved the operating accounts of the plants equipped
with gas CHP systems. The tie-in of a gas CHP to the geothermal installations has
generally led either to an increase in the supply of heat to the network and so allowing
new buildings to be connected, or to a lesser call on geothermal heat that, in some
cases, has made it possible to pass from a costly submersible pump operation to a
purely artesian operation.

Geothermal resources can provide local energy with a large range of possible uses. In
France, the industry is mature and the research and demonstration programmes set up over
the last 15 years have shown both the reliability and the high degree of innovation where
this energy is concerned. With the extensive experience and know-how that have been
acquired, the recent decision taken in France to boost renewable energies is a good
opportunity to show that geothermal energy can effectively satisfy more energy needs with a
respect of the environment.
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