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To all my friends at GCES — it’s always a pleasure to visit China and renew your
friendship! I look forward to many new advances in geothermal energy development
in China.

Roland N. Horne

March 8, 2012
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1913 —2013 The First Century of Italian Experience in
Electricity Generation from Geothermal Resources

-
Guido Cappetti
( Enel Green Power, Italy, ‘guido. cappetti@enel. com)

Vi
Executive Summary

This year we are celebrating the first century of electricity generation from geothermal resources
in the Larderello area. This area includes also the Travale/Radicondoli field because we have
verified that the shallow reservoirs of Larderello and Travale/Radicondolire present the outcropping
of the same deep steam dominated geothermal system, with an extension of the explored area of
around 300km” and 280 wells in operation.

From the first 250kW unit commissioned in 1913 up to the 30 units at present in operation,
with a total installed capacity of 795MW and an electricity generation of around S000GWh, the long
history of this geothermal area can be considered as a worldwide reference of sustainable
development: a century of electricity generation in the same geothermal area, with a progressive
improvement of the geothermal system knowledge and electricity generation.

After the start-up of the first small unit a significant and steady production growth begun in the
late 30's up to the early 70's. During this lapse of time the wells drilled were aimed at getting fluid
production from the shallow carbonate reservoir ( constituted mainly by anhydrites and dolomites )
underlying the cover formations made up mostly by shales, with depths less than 1500m.

In this period, the drilling activity started in the central most productive areas, was
progressively extended to wider areas to reach the boundaries (drop of temperatures) of the shallow
carbonate reservoir.

In the mid 70’s, the production decline became evident due to the long and strong exploitation
of the fields, pointing out the problem of production sustainability, not to speak of any further
increase. To face this problem a R & D program was implemented focused in the following points:

Deep exploration (3000 —4000m) to check the presence of new productive levels within the
Metamorphic Basement underlying the shallow carbonate reservoir;

Reinjection of condensed steam and water into the reservoir to increase steam production in the
most depleted areas;

Stimulation of dry/low production wells to improve their hydraulic characteristics.

The deep exploration program began in 1978 and the results have been very positive and
sometimes unexpected the presence of productive layers inside the Metamorphic Basement and also
inside granite, down to depths of 3000 — 4000m, with higher temperatures and pressures, was
verified and some of these wells presented very high values of productivity, as well. The drilling
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activity carried out in the recent years has made it possible to enlarge the production areas previously
confined to the shallow wells, with a consequent strong increase of fluid production and also verify
that Larderello and Travale/Radicondoli belong to the same geothermal system, with temperature of
300 —350°C and pressure up to 70 bar at around 3500m.

At Larderello, the reinjection program began in the late 70s in the central and most depleted
shallow areas, confirming that water injected into some of the wells is converted into steam inside the
reservoir, drawing heat from the rocks thus increasing production yield in the nearby wells. The
impressive reinjection results have changed the exploitation strategies for these areas now managed as
a heat mine from which the thermal energy is recovered by means of an artificial water flow.

Additionally, the stimulation tasks ( injection of cold water and cloridric-fluoridric acid
mixtures) have been very successful, with significant production increase in some wells.

The positive results of the above mentioned activities enabled a reassessment of the geothermal
potential of the fields in operation for many years and increased significantly the fluid production.
Consequently, new programs were implemented both for the replacement and repowering of the old
units (the new units are characterised by greater efficiency and lower environmental impact) and for
additional development, doubling the electricity generation of the early 1980’s.

New strategies were also implemented to maintain the sustainability of the geothermal
resource. In fact, the production and reinjection of fluids are, now managed with the intention of
supporting over time reservoir pressure and fluid production. Over the past 40 years, the reservoir
management approach has evolved from “intensive exploitation” to “sustainable production”

Accordingly to the experience in the development and utilization of geothermal resources,
accumulated in over one hundred years of activity inltaly, along with the numerous activities carried
oul in countries around the world, Enel is now engaged in developing geothermal projects worldwide ,
pursuing additional opportunities for growth. A 44MW development project was completed in El
Salvador in 2007 and two binary — cycle projects ( Stillwater and Salt Wells) were completed in
Nevada (USA) in 2009 for a total capacity of 47MW. Another binary plant is under construction in
Utah (USA) .

From 2005, Enel is also in engaged in exploration and development programs in Chile in
association with ENAP ( Empresa National dé Petroleo de Chile ). To this aim two specific
companies were set-up; ENG ( Empresa Nacional de 7Ceolermia) and GDN ( Geotérmica del Norte) |
with a share of 51% Enel and 49% ENAP. Several exploration activities have so far been carried
out in 10 exploration/exploitation geothermal leases owned by the two companies. The most
advanced program is in the Apacheta exploitation lease, located in the northern part of Chile, in the
desert of Atacama, at 4500 m above the sea level. In this area, 4 deep commercial diameter
exploratory wells have been successfully drilled up to depths of about 2000 m, showing the presence
of a high permeability water dominated reservoir with temperature of around 260°C. On the basis of
the positive results of these wells, a development program called ** Cerro Pabellon geothermal project”
is now under evaluation and planning and includes the drilling of additional wells, the construction
of power plants, and a 70km length 220kV transmission line.

In response to the growing demand for renewable energy, recorded in recent years as a result of
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commitments signed by many governments aimed at reducing CO, emissions, a new company, Enel
Green Power, fully owned by Enel Group, was established in December 2008.

This company draws its strength from Enel expertise and experience in geothermal, small —
hydro, wind, biomass and solar power generation, and is dedicated to developing and managing

energy generation from renewable resources both in Italy and abroad.
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