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Country Policy — Electrical Production

Costa Rica is worldwide recognized as a leader in environmental
protection, and has developed and implemented policies in order to
protect the country’s natural resources. This situation has leaded the
development and exploitation of the energy resources in the country
according to these policies.

According to the Costa Rica’s way of thinking in environmental issues,
one of the main goals is to satisfy almost all the electrical generation
needs by renewal type sources. At present this goal is fulfilled because
in the last years the renewal type sources have generated around or
over 90% of the total electrical generation.
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e |O2 Energy Matrix of Costa Rica

HISTORICAL GENERATION BY TYPE OF PLANT
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How much can we save?

2012

Thermal Generation
2004 1%
2005 4%
2006 6%
2007 9%
2008 7%
2009 5%
2010 7%
2011 9%
2012 9%
2013 11,8%
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The energy mix must be robust, it requires strong sources that give reliability
to the system

The energy matrix of Costa Rica is based on alternative sources, with a
thermal supplement.




Uses of Geothermal Resources in
Costa Rica

* Electricity Generation «:

= Agriculture

* Heating of buildings, houses and greenhouses
* Aquaculture

" Pasteurization

* Mining, o1l extraction

» Various industrial processes

a

* Laundry

= Balneology
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sruro |CES Steps in the Process of Exploitation of
Geothermal Resources
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GEOTHERMAL ENERGY: Legal framework in Costa Rica

LA GACETA

DPIGITAL

Diario Oficial
Alcance N? 205 a “La Gaceta” IN® 216 del 11 de noviembre 1961

Ley N° 5961 6 de octubre de 1961

“VETO. Se declara de interés piblico la investigacién, exploracién y explotacién de los
recursos geotérmicos del pais, y las actividades concernientes estarin a cargo del ICE, sin
necesidad de permisos o concesiones de dependencia alguna del Estado”. Poder
Legislauvo.

VETO No 5961
LA ASAMBLEA LEGISLATIVA DE LA
REPUBLICA DE COSTA RICA,
DECRETA:

Articulo 1°. —=Declirase de interés piblico la investigacion, exploracion y explotacion de

los recursos geotérmicos del pais, que se definen como la energia acumulada en aguas del
subsuelo que, por diferentes procesos geologicos, se encuentra a altas presiones y
temperaturas, Las actividades concernientes estarin a cargo exclusivo del Instituto
Costarricense de Electricidad, sin necesidad de permisos o concesiones de dependencia
alguna del Estado,

Articulo 2°. —El ICE evitari, hasta donde fuere posible, alterar las condiciones naturales de
las dreas de interés ruristico relacionadas con sus proyectos, y colaborari con las otras
dependencias del Estado para conservar su belleza v demis recursos naturales. A fin de
proteger esos recursos, el Poder Ejecutivo, a requerimiento del ICE, establecerd dreas de
proteccion forestal absoluta, si fuera el caso.

Articulo 3° —El ICE esti autorizado para adquirir todos los terrenos que requiera para la
investigacion, exploracidn, explotacidn y proteccion de los recursos geotérmicos, aplicando
para ello las disposiciones de la ley N®2292 del 20 de noviembre de 1958,

m -"It is of public interest the

research, exploration and
exploitation of geothermal
resources of the country, and the
activities concerned will be made
by the Instituto Costarricense de
Electricidad ...."

-""... The geothermal resources are
defined as the energy stored in
groundwaters that for different
geological processes it is at high
pressures and temperatures.*
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Geothermal Resources Division

*A unit of the Instituto Costarricense de Electricidad
(Costa Rican Electricity Institute) responsible for
designing and implementing activities related to the
exploration, development and exploitation of
geothermal resources.

*Whole process: from reconnaissance stage to the
delivery of energy resources to ICE and private
generation units.
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Structural Organization of the Geothermal Resources Division
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ESTRA TEGIA ACTUAL DE APROVECHAMIENTO DE RECUR 30D SGEOTERMICOS i Ice
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~~iCe  Potential Geothermal Areas

Potential geothermal
areas in Costa Rica are
associated with
volcanic systems,
which are mostly
associated with
environmental
protected areas.

PROYECCION DE LA DISTRIBUCION DE LAS ISOTERMAS A 2 km DE PROFUNDIDAD
BASADO EN LA INFORMACION DE POZOS GEOTERMICOS

Nicaragua

V. Arenal

' V. Porvenir-
Pla
as
a

' urrialba
<

San José

Costa Rica

* Pozos Geotérmicos
B 200
150°C<T<200°C
* Temperaturas proyectadas —
a 2 km de profundidad 9 2 50 km

Centro de Servicio Recursos Geotérmicos
ICE. Marzo 2014

Panama




~~IC2| (Geothermal Fields in Operation

Unidad III, 29,5 MW

Miravalles Geothermal Field:
* |n operation since 1994
- 163,5 MW installed

Las Pailas Geothermal Field:

—

= |n operation since 2011 U e
- 42,5 MW installed | Unidad 1,42 MW

Planta Pailas |



The Miravalles Geothermal Field




CAMPO GEOTERMICO MIRAVALLES
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Pozo productor neutro

Pozo productor acido

Pozo de reserva neutro

Pozo de reserva acido

Pozo productor fuera de servicio
Pozo reinyector en caliente
Pozo reinyector en frio

Pozo de monitoreo

Pozo exploratorio

% Pozo a perforar
\ Borde caldérico
— -~ Fallas y alineamientos
»X ' Falla normal
& Unidad de generacién

Satélite de separacion

T EREE R B S G

Laguna

| Zona productora principal

|| Zona bicarbonatada
| Zona acida

Zona de reinyeccion

2000 m

.-{ren de Geociencias, Centro de Servicio Recursos Geotémmicos, ICE, UEN PySA
Abnl, 2008
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Elevacion m s.n.m.

e~ VOLCAN
. MIRAVALLES

SW - NE RECARGA ¢

P
BORDE DE FALLA HORNILLAS ?

CALDERA PGM-56 VPGM-63 PGM-37
PEGM-51 pem-16

PG
PGM-21PCM-47pgp.17PGM-31  PGM-60PCM-12

I UVPCM: Unidad Volcénica Post Cabro Muco
1 UACM: Unidad Andesitica Cabro Muco

<

UDC: Unidad Domo Colada 5
UVS: Unidad Volcano Sedimentaria

ULT: Unidad Lavico Tobacea '5
UIG: Unidad Ignimbritica

BL: Basamento Lavico
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The Las Pailas Geothermal Field
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Geothermal Fields in

Explotitation: Las Pailas 1

= Pailas Il (Expansion
Pailas Field — 55
MW)
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Geothermal Fields in

Explotitation: Las Pailas 1
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Geothermal Fields in
Explotitation: Las Pailas 1

Integrated Geothermal Combined Cycle

ORMAT® Geothermal Combined Cycle




Actual Developments: Las Pailas 11

Las Pailas Il
(Expansion Las
Pailas Field — 55
MW)
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Real and Projected Development of
Works

CENTRO DE SERVICIO RECURSOS GEOTERMICOS
PAILAS II DEVELOPMENT - June 08, 2015
_— WELL DRILLING AND RESERVOIR MODELLING
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Current developments: Borinquen

Borinquen
(Installation of two
units of 55 MW
each)
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Current Status of Geothermal Areas in Costa Rica

Currently, 15% of the
energy produced in
Costa Rica is provided
by wusing geothermal
resources

Borinquen

Pailas

Miravalles

Poco Sol

BORINQUEN
Feasibility Stage
Estimated Capacity: 110 Mwe

LAS PAILAS:
Unit 1 (installed): 42,5 MWE
Unit 11 (in construction): 55 Mwe

MIRAVALLES:
Units I, 11, 111, V, wellhead: 163,5
Mwe

POCOSOL:
Prefeasibility Stage



INSTITUTO COSTARRICENSE DE ELECTRICIDAD
CENTRO DE SERVICIO RECURSOS GEOTERMICOS
MASTER PLAN OF GEOTHERMAL ACTIVITIES

Phase Description 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Mundo Nuevo
Reconnaissance Pocosol Arenal
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PG Las Pailas 11
Reservoir PC Boringuen |
Development PG Borinquen 11 _
Miravalles East Sector
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A . : ;
Construction and :
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Commissioning : :
PG Borinquen 11

g '6peration and Maintenance
' of Reservoirand Fluid

|
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Miravalles Field (5 Generation Units, 163.5 MW)

(" Las Pailas Field { Unit I, 42 MW) “

( Units I and II, 97 MW)

Transfer Systems ) ;
Barinquen Field (110 MW)
J Feld Work
Update of Geothermal | Dam Analysis
{ Potentialin Costa Rica —

{_J Final Report




Use of Geothermal Resources

* Sustainability
* Cultivation

e Conservation

Rational and conscious use of resources that
allows their use under a regime of stability (away
from exhaustion or collapse)



Why Use Geothermal
Resources?




Installed Capacity - 2013
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Cents U.S. Dollar

(kg)
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Low Cost Energy
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Coexistence with the Environmen
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Miravalles Geothermal Field,
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=~IC&  Recovery of the Forest — Las Pailas I
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“Vertical

PROFUNDIDAD (m)

ACABADO DE POZO
TRES ADEMES CEMENTADOS
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Changing technoﬁy from vertical drllllng o dlre‘htlonal drllllng allows a
significant reduction of env1r0nmental nnpacfs'f, thereby reducing the
intervention in areas up to 300%.

The number of platforms, access roads, pipelines, sewers, etc. is reduced

Photo: CM Uribe, April 3, 2011
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Using New Drilling Technologies

One drill pad, three wells
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L.as Pailas 1II Sector

Image @ 2014 CNES [/ Astrium

Image & 2014 DigitalGlobe GOOSIG
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Enwronmental Management

VASP-47 _
ASP-39 ., _ s Air

Water |

pH of rain : ]
Environmental Educétion

Flora and fauna monitoring ~

Waste management
ASP-21

ASF-“Ié

| ASP41 /

R O s A@sn

ASP-32) /) ASP-31 !
O ASP-76 ASP-25 P s iz
ASP-23 ASP-34 |
. LAY ASP-35 -
ASP-27 Q_ASF‘«44 ' .

ASP-24 |

(} ASF'-QQ
ASP-28 :
= g

388000 389000 390000 391000 392000 393000 394000




Thank you
for your
attention!

Geothermal energy,
a sustainable alternative



