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Geothermal Site Survey Result

(Dominica)

1. Geothermal Wells:
The government of Dominica began with three thermal gradient wells (Figure 1 and
Table 1) and later with additional commercial geothermal wells (Table 2). The well
WW-P1 is located at the same drilling platform of WW-3. Well WW-R1 is located at

“point 2” of the selected injection area (see Figure 1).
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Figure 1. Project Area — Wotten Waven Geothermal Project.

Information on these three slim wells is found in Table 1.

Table 1. Exploratory Wells WW-1, WW-2 & WW-3.

Activity WW-2 WW-3 WW-1
Commencement Date 16-Dec-2011 15-Feb-2012 28-Mar-2012
Completion Date 28-Jan-2012 14-Mar-2012 27-Apr-2012
Final Depth 1,469 m 1,613 m 1,200 m
Estimated Power 0.5 MW 2.9 MW 3.9 MW

Table 2 provides information on the commercial wells:




Table 2. Commercial Wells in Dominica

Activity WW-R1 WW-P1
Commencement Date 6-Nov-2013 14-Jan-2014
Completion Date 20-Dec-13 28-Feb-2014
Final Depth 1,915 m 1,505
Estimated Power 0 +/- 10 MW
Well Type Vertical Directional

The drilling and testing of three exploratory wells found two commercial wells and
proved the existence of a viable geothermal resource. The Government of the
Commonwealth of Dominica (GoCD) is now seeking to develop a 5-10MW Small
Geothermal Power Plant (SGPP) within the Roseau Valley Geothermal field.

2. Field Trip to the Wotten Waven Geothermal Field:
Mr. Alexis George, who manages the GPMU, escorted the team to all the wells in the
Wotten Waven Geothermal Field (Figure 2).




The team first visited the injection well WW-R1 (Figure 3, Table 2). Unfortunately,

this well does not have permeability and therefore cannot be used as an injection well.

Well information is found in Figure 4.
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Figure 4. Information on WW-R1 Geothermal Well
The team continued the field trip at WW-1, the well that Dominica is now planning to

use as the injection well for the development of their small power plant.




Figure 5.  WW-1 Geothermal Well

There are several superficial manifestations in the Wotten Waven. The team had a

chance to visit one of them (Figure 6).




Figure 6. Thermal Manifestation in the Wotten Waven Area.
The team was taken to see wells WW-3 and WW-P1, which are located at the same
drilling pad (Figures 7, 8 & 9).
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Figure 7. WW-PI Geothermal Well
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Figure 8. Information on the WW-P1 Geothermal Well




Figure 9. WW-3 Geothermal Well.
Finally, the team was taken to well WW-2, the last drilling pad visited in this field trip

(Figure 10). The information on this well is shown in Figure 11.




10




EOMMONWEALTH OF DOMINIEA

afd

DRILLING OF EXPLORATORY GEDOTHERMAL WELLS IN THE
ROSEAU VALLEY - SITE TWD

TH E NATIONAL AUTHORIZING OFFICER/EDF
GOVERNMENT OF THE'COMMONWEALTH OF DOMINICA

RACT SUPERVISOR: GEOTHERMAL RESOURCE GROUP (GRG)

ING AUTHORITY:

DRILLING CONTRACTOR: ICELAND DRILLING CO
| WELL TESTING CONTRAC‘I‘_{;#/ g ICELAND GEOSURVEY (ISOR)
ROAD ACCESS & SITE PRE ig OFFSHORE CIVI MPRINE INC
= [T ) »

g 0
CONTRACTOR: =7 i :w“v..‘

START DATE: A DECEMBER 2010

COMPLETION DATE:

3. New Geothermal Information in Dominica:
Mr. Alexis George provided two related reports: the WW-P1 drilling report (see WW-P1
Drilling Report.pdf) and the preliminary production test report (see WW-P1 Production
Test Report.pdf) of the same production well. The report summarizes newly available

information from the Wotten Waven geothermal project, including the geothermal wells.

Geothermal development in Wotten Waven is expected to be financed by a consortium
including: GDF Suez (http://www.gdfsuez.com/en/), Groupe NGE
(http://www.groupe-nge.fr/actualites.php) and CDC Infrastructure.

(http://www.cdcinfrastructure.com/lang-uk/index.html).

The Government of Dominica is interested in having JICA provide support for the

development of additional geothermal resources located in the following regions:

1. Picard, Portsmouth: Signs of geothermal activity can be found in this area in the form

of hot region area in the Picard River and offshore in the Caribbean Sea. No studies
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have been done in this area as of yet (Figure 12).

2. Soufriere: This area exhibits a good deal of geothermal activity, including steam
vents, fumaroles and hot springs. A license was given to West Indies Power in 2008 to
carry out geothermal exploration in that area. To date, nothing has been done and the
Government is seeking to terminate the license. This area has strong potential for the
development of another geothermal field (Figure 12).

Fatential pgeothermal area
= Picard, Portsmauth

Potential geothermal
area - soufriers

Figure 12. Identified Geothermal Areas in Dominica.
The environmental study of the Wotten Waven geothermal field started in December
2013 and it is expected to be concluded in June 2015. This initial assessment will
examine several areas and they will be managed by different companies:

a) Fauna/Flora: identification of species and assessment of the challenges
(Eclipse Inc., Biodiversite)

b) Acoustics: measurement of noise levels and modelling of noise propagation
generated by activities (RAF Acoustique)

c) Hydrography and hydrobiology: hydraulic studies and assessment of the
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biological quality of the water and of the biotope (Asconit Consultants)

d) Meteorology: gathering of meteorological data and modelling of water flows in
the Roseau Valley, including the use of different means of measurement
(Enviroconsult)

e) Socio-economics: highlight the challenges relating to the existing economic,
social and cultural context (Adret & Territoires)

f) Landscape: complete identification of landscape and heritage features
(Caraibe Environnement)

g) Natural hazards: flooding, seismic and volcanic risk, hurricane risk and
landslides (IMS RN, ISL Ingenierie)

h) Consultation: organization of sensitization meetings, discussions and follow-up
sessions for various target groups (residents, elected officials, farmers, tourism

stakeholders, etc.). (Caraibe Environnement, Teranov, Eclipse Inc.)

GPMU is considering the implementation of an additional geophysical Magneto telluric
(MT) survey to identify locations for future drilling of production and injection wells
for the Wotten Waven geothermal field. It would include an analysis of aerial
photographs to ascertain structural features (faults, caldera borders, etc.) which would
represent permeable zones. These particular studies would look at the entire project

area. The estimated cost of these works is 200,400 Euros and includes the following:

a. Magneto Telluric (MT) Resistivity, Geological Survey 223,070
b. Aerial Photography Analysis 30,950
C. Project Management, Workshop with GPMU 12,200

Total 266,200

4. Main Remarks on the Wotten Waven Geothermal Development:
The government of Dominica was planning to use the two geothermal wells located at
the same drilling pad (WW-3 and WW-P1) for geothermal power development. WW-P1
would be the production well and WW-3 would be the injection well for a small
geothermal power plant of 5-10 MW) at the Wotten Waven geothermal field. This small
plant would be used to obtain important reservoir information while producing
geothermal energy for Dominica.

During the WW-P1 production test, a small tracer test was conducted to understand if
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the production and the injection well are connected. Unfortunately, there is a fast
connection between the two wells, effectively eliminating WW-3 as an injection well for
this type of development. Because of this, Dominica is now planning to use WW-1 as

the injection well.

When testing production wells it standard practice is to carry out a short-term
production test while the rig is in place, or up to a few months after the rig has been
removed. Normally, a short-term production test last from 7 to 30 days and is performed
to estimate the capacity of the well, with the resulting mass data used to estimate power
generation capacity. These tests provide “initial estimates” where: a) the test is done
with the rig in place or soon after the rig is mobilized, the temperature within the well
does not reach stabilization with respect the temperature of the formation, and b) even if
the sort term test is done after temperature stabilization is reached, the short test does
not permit pressures within the production zone to stabilize. In both cases, the results
are not the stabilized values. Again, this testing provides only an indication of the
possible capacity of a well. In Dominica, even though all of the elements for a
long-term production test exist, the test was done over a short 6 days, due mainly to

budgetary restrictions.

If positive results from this preliminary test are obtained, a long-term production test
would follow, including injection into the well and monitoring of adjacent wells in the
field.

Dominica has performed a preliminary test, but needs to carry out a long-term
production test. The full evaluation would include the production well, the injection
well and the possible connection between them. When Dominica obtains the funds to
carry out this testing, a 1 to 3 month test would occur to obtain current production
parameters. Pressure monitoring equipment would be necessary to monitor the effects of
mass extraction on other wells. Also it will be necessary to include an additional tracer

test.

From the information received, it is possible to conclude the following:

1. Injection cannot take place with the existing well adjacent to the production well.
This well could become a spare production well in the future, but it cannot be used as an
injection well for the geothermal development,

2. A new production test would be needed to understand the stable conditions of the
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production well and verify whether injection can occur,

3. More equipment could be required to monitor the pressure in other wells,

4. A new tracer test should be conducted to verify that geothermal fluids do not return
from the injection into the production zones,

5. All of the above research would need to be completed prior to determining the output

of a small power plant.

Material given :  'WW-P1 Drilling Report, WW-P1 Production Test Report

15







T EE 4—2

Summary of survey on geothermal potential in Saint Lucia

1. Geothermal Drilled Wells:
Seven exploratory boreholes were drilled in the Qualibou depression between 1974 and
1976 by Merz and McLellan Co., (associated with the Institute of geological Sciences
(IGS) of London) and the Seismic Research Unit of the University of West Indies,
Trinidad. This work was funded by the United Kingdom Overseas Administration

(UKODA).

The exploratory drilling was at depths ranging from 116 m to 726 m. The result was the
discovery of a steam-dominated reservoir below Sulphur Springs at a depth of 200-350
meters producing superheated steam with low pH (approximately 2.8) and a high rate of

non-condensable gases.

The better understand the geology of the Qualibou depression and the Sulphur Springs
geothermal system, additional surveys were conducted by two new contractors. They
performed geological reconnaissance, a hydro-geochemical survey and electrical
resistivity survey of the Qualibou caldera. Further surveys were carried out by Italian
(Aquater SpA, 1982) and American (Los Alamos National Laboratory, 1983)
consultants, funded by the United Nations Revolving Fund for Natural Resources
Exploration (UNRFNRE) and the United States Agency for International Development
(USAID), respectively.

A follow-up feasibility study started in 1986. Two deep exploratory boreholes, SL-1 and
SL-2, were drilled in 1987-88 with a New Zealand consultant (GENZL) performing
partial testing on the SL-2 well in 1990-91. The most recent evaluation of the Sulphur
Springs project was carried out by an Italian consultant (Geotermica Italiana) with the
financial support of the UNDTCD (United Nation Department of Technical Cooperation

for Development).

The results of the exploratory boreholes SL-1 and SL-2 are shown in Table 1.




Table 1 Main results in boreholes SL-1 and SL-2

SL-1 2.208 7’ liner 263 = = =
SL-2 1.408 7’ liner 285 1,300 62-63 2,900

Well SL-1 (Figure 1) showed high temperatures (260°C) but was non-productive. A lack
of permeability has been ascribed to the sealing of natural fractures by hydro-thermal

deposits.

A

N

Figure 1. Well SL-1
Well SL-2 (Figure 2) intersected permeable zones from 800 to 1,400 meters, producing

high temperature fluids (285 — 290 °C). A short production test was carried out after
drilling.

The theoretical potential of the well was estimated around 3 MWe based on production

of 33 t/h at 10 bars. However, due to the strong acidity of the steam and scaling
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problems, the fluid produced by well SL-2 is not directly usable for commercial power

production.

Figure 2 Well SL-2

2. Recent Geothermal Events in Saint Lucia:

“Government making more progress in geothermal development in Saint Lucia.”
“The Government of Saint Lucia (GoSL) is continuing to make significant progress in
developing the country's geothermal potential. This progress is encouraged by the recent
receipt of grants from the Global Environment Facility (GEF) and the Small Island
Developing States Renewable Energy project (SIDS DOCK), facilitated by the World
Bank. The GEF and SIDS DOCK, through the World Bank, have approved US$2 Million
to contribute towards the first phase of geothermal development assistance to the
Government of Saint Lucia. These funds will include further support for surface
exploration, as well as transaction and negotiations assistance in order to help the
Government of Saint Lucia reach a fair and equitable concession agreement with the

geothermal developer. It will facilitate agreements on off-take and integration of




geothermal power within the domestic power market, for which LUCELEC currently

has exclusivity”

r

608/2014

D

Figure 3 Meeting with Mrs. Judith Ephraim

“Governments of Saint Lucia and New Zealand Sign Geothermal Support Partnership

Agreement”
“The Partnership Agreement is designed to provide key technical assistance to support
geothermal exploration in Saint Lucia. Specifically, the partnership with the New
Zealand Government will help the Government of Saint Lucia, through the Ministry of
Sustainable Development, Energy, Science and Technology, define the prospects for
advancing geothermal development in Saint Lucia. The historic Agreement is also
designed to support training opportunities in geothermal energy through New Zealand
Development Scholarships, and facilitate, where possible, practical skills development

opportunities.”
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B Overall program

How do you rate the following?

Tor— MER

rEE (3)

<+ Satisfied Unsatisfied —

*Facilities at Hotels 05 04 mE} 02 01
+ Coordinator's Service 05 04 mE} 02 01
*Time schedule 05 04 a3 02 01

Facilities
at Hotels
5.0
4.0
3
Time Coordinator's
Schedule Service
B Presentation
How do you rate the following?

Company/Institution Date Theme < Interesting Not Interesting —
+Hitachi Metals 29-Oct [Amorphous transformer Os5 04 s 02 01
“Toshiba 29-Oct | Geothermal power generation o5 04 WE) 02 o1

- Energy management of microgrid
*Satake 29-Oct |Biomass power generation (5 4 a3 a2 01
-EDMI 29-Oct [Smart meter 05 04 s a2 01
*Fuji Electric 29-Oct [Technology of microgrid control [ }5) 4 a3 a2 1
*West Japan Engineering Consultants {31-Oct Overseas expansion of geothermal 05 04 s 02 01
power technology
-Japan Business Alliance X -
for Smart Energy Worldwide 6-Nov 05 L4 03 02 01
Hitachi Metals
Japan Business 5.0
Alliance for Smart 0 Toshiba
Energy Worldwide a
West Japan
Engineering Satake
Consultants
Fuji Electric EDMI




B Field Trip
How do you rate the following?

*If you didn’t visit, please mark X.

Company/Institution Date Theme < Satisfied Unsatisfied — X
+Panasonic Center Tokyo 30-Oct |Energy efficiency technology a5 04 a3 a2 01 Ox
*Kogasaki Incineration Facility 31-Oct |Waste power generation 05 04 03 02 01 | OX
+Ogiri Geothermal Power Plant 31-Oct |Geothermal power generation 05 04 03 02 01 Ox
*Ocean Therr'nal Engrgy Conversion 2-Nov |Ocean Thermal Energy Conversion| [5 04 a3 a2 01 Ox

Demonstration Facility
*Miyako Island Smart Community R .
Demonstration Research Facility 4-Nov |Smart Community a5 04 a3 a2 01 Ox
*Miyako Islaﬂnd Mega-Solar e 4-Nov |Solar power generation 05 04 03 a2 01 Ox
Demonstration Research Facility
Panasonic
Center Tokyo
Miyako Island
Mega-Solar Kogasaki
Demonstration Incineration
Research Facility Facility
Miyako Island o
Smart Community Ogiri
Demonstration Geothermal
Research Facility Power Plant
Ocean Thermal Energy Conversion
Demonstration Facility

®m  QOutcome

Can knowledge and information you acquired be utilized for your work?

|:> Ave. 4.6

No —
02 |

<— Yes
O5 | O4 |

03 | 01

B Expectation for JICA
Regarding renewable energy or energy efficiency, would you like to conduct cooperative project

with JICA?
|:> Ave. 4.8

No —
02 |

<— Yes
O5 | O4 |

03 |




Regarding cooperative project of renewable energy or energy efficiency with JICA, please describe

your idea, if any. (Some examples are described.)

- TT: Waste management program and waste-to-energy project would be beneficial.
- Guyana: Biomass power generation has a large potential because they have a lot of
waste from the production of sugar and rice.
+ Jamaica: LED Lighting Technology
+ Grenada: OTEC would be significant implications for Grenada and the region.
+ CDB: 1. Deepen the current support for geothermal energy with JICA/IDB/CDB
Upfront technical assistance for countries in 3G’s assessments
2. TA support in EE in establishing ESCO’s for public sector
3. Support for MRV in the context of establishment of ESCO’s

B Free description (Some examples are described.)

The tour was planned and executed extremely well. Although the sites were widely
separated, your arrangements allowed us to see a lot of technology in a short time.
From what we saw, Japan has knowledge which can help the CARICOM with many

present and future problems.
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CARICOM: Renewable Energy and Energy Efficiency Data Collection Survey

Sy P AR i IDB ji’c A
27 = N

Current Situation and the Challenge
On
Renewable Energy and Energy Efficiency
In the CARICOM Countries

oooos-2

EAIEE

Shikoku Electric Power Co. KEN Kuwahara
NEEHA® ENEETODIHINER B—

CARICOM: Renewable Energy and Energy Efficiency Data Collection Survey

1. Outline of Caricom Countries
2. Potential Renewable Energy
3. Potential Energy Efficiency

4. Operate Large scale Renewable Energy Sources (Japanese case)
Appendix: Power Supply Securities after the earthquakes (2012)




CARICOM: Renewable Energy and Energy Efficiency Data Collection Survey

EH: 10,991km2
AQ: 2,930,050 A
GDP (PPP): 25,130B7USD
—A%#-YGDP: 9,000USD

EHE: 22,966km?

AH: 340,844A

GDP (PPP): 1,673E5USD FH: 5.128km2

— A%7-YGDP: 8800USD B 13390004
GDP (PPP): 27,000E75USD
— A%#=GDP: 20,722USD

Suriname I

mHE: 163,270km2

AH: 573311A

GDP (PPP): 7,120E5USD
— A#%-YGDP: 12,900USD

EiR: 214,970km2
AB: 7,735554 A
GDP (PPP): 6,593BUSD
—A%f-YGDP: 8,500USD

CARICOM: Renewable Energy agg

EH: 443km2
AB: 91,2954
GDP (PPP): 1,610H75USD
—A%1-YGDP: 18,400USD
i 261km2
AH: 51,538A
GDP (PPP): 952B5USD
— A%7-YGDP: 16,300USD

m#&: 751km2
AH: 73,449A
GDP (PPP): 1,01585USD
—A%f=YGDP: 14,300USD

®#: 616km2
AR 163,362A
GDP (PPP): 2,216E5USD
— A%7=YGDP: 13,100USD

®#: 150km2
AR 102,918A
GDP (PPP): 1,325 5USD
— A%7=YGDP: 12,100USD

miE: 431km2
AQ: 256,000A
1 GDP (PPP): 5,200 75USD
EiE: 344km2 — A%7f=YGDP: 19,025USD
AH: 110,152A
GDP (PPP): 1,458EHUSD
— A#%f-YGDP: 13,800USD




Grenada

St. Vincent

Trinidad and Tobago

St. Lucia

St. Kitts and Nevis

Suriname

Jamaica

Guyana

Dominica

Belize

Barbados

Antigua and Barbuda

Population and Power Demand in 2013

1,000 800 600 400 200 MW

A

o
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CARICOM: Renewable Energy and Energy Efficiency Data Collection Survey

Renewable Energy
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Residential Power Tariff
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CARICOM: Renewable Energy and Energy Efficiency Data Collection Survey

Global power generation cost,
compared to the range of electricity tariffs in Caricom
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CARICOM: Renewable Energy and Energy Efficiency Data Collection Survey
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CARICOM: Renewable Energy and Energy Efficiency Data Collection Survey

Energy Efficiency Cost & Benefit Comparison

Electricity Tariff .
Low <« > High
- ) T ) St. Kitts . _ Antigia& St »

Energy Eff|C|ency Measure Suriname ng&ago Belize Barbados Guyana £ Nevis St. Lucia  Jamaica Babuda  Vincent Grenada Dominica

Power F: TIon
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CARICOM: Renewable Energy and Energy Efficiency Data Collection Survey

Transmission & Distribution Loss

45%

40% Target
30%
25%
20%
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- East-Caribbean

10% Island

Japan Average in 2010: 4.8%

5%

0%
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m Trinidad Tobago A Guyana & Suriname ®mJamaica e Belize

Source: Data from Each Countries




CARICOM: Renewable Energy and Energy Efficiency Data Collection Survey

Interconnection for Wide-area Operation

-

~

/ Hokkaido
ECiESGW
Tohoku
Hokuriku
o 3 B =—— =8
500K
= FC —I S5laV
soomvy _ I
500KV, | 5_‘"&“"_]_ i doornw ;
T Cht go it r | _E_
yushu FC
.i_. Kansai SO0KY Ghub OOMW =
500KV ubu | okyo
.E—B.. mak. 100MWI
Shikoku| DT250kv = 8
Regighal inter-connection
¢ !
FC |

CARICOM: Renewable Energy and Energy Efficiency Data Collection Survey

FIT in Japan, Tariff and Duration in 2012

http://www.enecho.meti.go.jp/category/saving_and_new/saiene/kaitori/index.html
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CARICOM: Renewable Energy and Energy Efficiency Data Collection Survey

Mega Solar Projects in Japan

CARICOM: Renewable Energy and Energy Efficiency Data Collection Survey

Stop introduction of Solar in Japan

Total

Capacity

240

[(==1

Hokkaido TOHOKU TOKYO  Chubu Kansai  Chugoku Shikoku  Kyushu Okinawa




CARICOM: Renewable Energy and Energy Efficiency Data Collection Survey

Technical Solution for a large amount of Solar in Japan
TOSHIBA = ".EMS

Leading lnmy

.—-.ﬁ

Storage
Peak shift operation by energy storage capacity
system

E—5 7B (BB AHE) Lar
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“Activities and Prospects of CDB in
the Energy Sector ”

Seminar on Current Situation of Energy Sector
==CARICOM - Japan Friendship Year 2014---

JICA, Tokyo, Japan
November 6 2014

Caribbean Context

Vulnerabilities and Structural Challenges

Population: vary - 5K in Mon to 10M in Haiti
Total population 16M approx Chile
Dis-economies of scale
Varying economic Indicators

- GDP/Capita

- low economic growth

- pockets of poverty

- economic uncompetitiveness

Most countries are hostage to
international oil price volatility

ONE SIZE DOES NOT FIT ALL !!




, Distribution - 2011

In 2011 NEI BMCs * Total Gen capacity 4,275 MW ; Total Peak Demand 2,783 MW

* Used 61 MBOE crude and products = SRR S A0 S ,
* Growth rates: 4.9%, 4.7% and 2.4%: for energy consumption,

* Cost approx. USS6.5billion (rep 12-14% GDP)  Elec. energy; Gen capacity respectively (over 1993-2007).

Electricial Energy Use 2011

Electricial Energy Distribution in NEI BMCs O BVi ABE
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Electricity Tariffs
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Energy Consumption Trends

Electricity cost per Unit per Capita GDP (US Cents/$000's GDP per Capita )
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Age of Generation Capacity

Table Summary of Generation Capacity of Selected BMCs* which have age of greater
than 15 years in 2019
<
= eratin (‘..-mzﬂ oy S
Type of | Capacity | to2019 | "2019 | in2019
Description location | Make | fuel MW Yis MW | MW
All Fuels
Thermal | including
All Utility & IPP 11BMCs™ | Units RE 1,572.7
Thermal HFO,
Utility Owned 11BMCs Units Diesel 1,359.4 846.3 | 1,106.5
Share of Generation over
20 yrs & 15 years
respectively in 2019 62.3% | 81.4%
*10 BMCS analyses based on availability of data: Anguilla, Barbados, Dominica, Grenada, Guyana, Dominica,
Jamaica, St Kitts and Nevis, St Lucia, 5t Vincent & Grenadines, Suriname
** The total installed capacity considered in the analysis represents_35% of the capacity of net energy
importing BMCs in 2011

Overview of Policy & Regulatory Framework

= = =
SE| o fol2 Z
COUNTRIES Ownership = 3 Regulator Policy Framework & E % = g | B g
Unitity = £3| £ |XE2| 525
A ™ [ 3 gov, 50%
AT gov: <1 Mim'y of comm, :-!dul En:uw Pollcy (NEP] = > o o
1 Won of utdities;
Antigua/ Barbuda 100% gov <1 = - NEP : § Oct 2011 L& ] > - D
Haliwmts | 100% gov _ 0% | Utkites Regulatn | Deakt NEP 2012 * o o Jo
Barbados Eli%p 20% g =1 Fair Trading Comm | NEP 2012 - (=] - (@]
_Belize 100% gav £0% | Publc Utkbes Comm | Dvak NEP 2012 - » [=] -
British V1 100% gov 0% | Min Comm & works No NEP o - O (o]
Cayman " 0% | Venstry No NEFP -® » - | @
LS | sther 28% | Commission Deakt 2011 - ¥ - -
Grenada | 50%p 50% o =1 [oFm NE= finalized 2011 » D - (o]
3 Puble: Utibes Low carbon develcpment : i
Guyana 100% gov 2% | Commission siratagy sddress enargy » L o -
Haiti 100% gov 22 Bimistry | Mo NEP o o o -
- - 1 Office of Utilities | Approwved NEP 2002, -
Pt 50% p: 20% gov | 6% | Regulation (INDP) | ‘sub-sector aoscies - - bt ot
Montsemat 100% gov =1 Dirnft 2005 NES =3 - = o=
= Puble Utkbes
R | 100% gov _ 8% | Commssi Drfat NEP 2010 0 |00 |OO |ee
| 4% par ; Minmtry of Pubbc i
L | athar 11 e Drak NEP. 2010 2 . - =
St Vincent! & gren 100% gov 259 Approved NEP 2009, o L] - -
Suriname 100% gov 60% draft RE Poficy - o o | ©
- Ragulsted Industres Uraft HE rean papar, for
Trinidad/Tobago 100% gow; — Comm | RE and EE = incentives bt o o o
Turks & Caicos e [@] » (@] (@]
Legend @ Have gnd works, B MHave but not functional. O Do nof have, NA [nformation nof svailobis



Key Deficiencies of Energy
Systems conta)




Opportunities & Challenges - CDB’s Perspective

* Improving energy security, competitiveness,
sustainability of BMCs:

—Investment in Energy in
—Green Economy

*Increased CDB’s pres evance
‘Business developag nsion in BMCs
‘Increased Bank’s O

KEY CHALLENGE:

e Constraints on BMC
borrowing

Goal & Priority Areas




CDE’s ENERGY SECTOR STRATEGY

Element A Element C
Sector's Needs & Gaps in BMCs Intemationally
. Provide affordable, o -
clean, sustainable
and reliable energy '. m" "hm FﬂM.
s Concassonary, B Chmate
. Promoting Sector :
Reform, ot SUITE OF “F Faance, ot
governance and aade | =—
capacity 245 INSTRUMENTS a
Strengthening 2 1, "%m s
Stiengthen intemal 2
. Promoting Energy Loans & Grants, caﬂﬁﬂ —
poverty reduction, UoF, i
and business . Mm
development 2. s_FP hﬂmmmt‘ﬂ on L m m Fm-_
around RE and EE Enﬂgy&ipecﬂ'm& [ _
Programmesd EE et | Regona & nenaiang
Facilties B

Caribbean Development Bank’s Response:
Intensified Focus on Energy Secfor

ergy Efficiency Unit;

Strategy

ional generation projects




Renewable Energy & Energy Efficiency

RE Potential

Status of Renewable Energy in Power Sector in BMCs
Estimated®

SOLAR (large Current RE Potential Current Elec

=olar potential in capacity (MW Demand
BMCs all countries) Other RE Resource Installed (MW) {Excluding Solar) (MW)
Anguilla high wind 14
Antigua and Barbuda high wind 0.05 58 63.8
Bahamas high wind, Marine 0.01 400 250.2
Barbados high wind, Bomass, Marine 10.0 58 183
Belize high biomass 60.0 35 79.3
BvI high wind - 337
Cayman high wind 0.50 20 102
Dominica high Hydro, Geo, Wind 4.50 300 17.2
Grenada high biomass, GE, wind 0.32 400 323
Guyana high Hydro, Biomass, wind 10.00 7,100 103.9
Haiti high Hydro, Wind 50.00 100 225
Jamaica high Hydro, wind, biomass 71.00 260 617.7
Montserrat high wind, GE - 800 23
St_Kitts and Nevis high Wind, GE, Biomass 2.00 331 32
St. Lucia high GE, Hydro, wind 0.08 250 603
St. Vincent & Grenadines high Hydro, Biomass, GE. wind 5.90 125 218
Suri high Hydro, biomass, 183.0 1.320 244 I
Trinidad and Tobago high wind 50 736
TGl high wind 3583
Total 402.5 11,707 2774.8

*Author’s elaboration: - vanous reporis (Nextant, Worldwaich, Worldbank) ** not continuous =



GE Supplying Baseloads

Baseloads

Table 1: Estimates of GE Potential in Eastern Caribbean

Countries Installed | Peak Approx* | Estimate of GE potential (MW)

Capacity | Demand | Base-load
mw) [ w) (Mw) World Bank ‘Nextant’ Report

Dominica 27 17 9 =500 100

Grenada 52 30 18 30+ 400

Montserrat 9 2 1 =100+ -

St Kits & Nevis 59 36 L »25+ 300

5t Lucia 89 60 37 =75t 25

St Vincent and Grenadines | 51 26 12 >75+ -

Total 287 171 81 »805

“Trevor Byer'CARICOM Country assessments

“hevis has been identified as having GE potential;_base-load refers to News lsland only




Stages and Risks of Geothermal Development

| Upstream Resource Development ) I Downstream Plant Construction/Ops )
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Objectives of GeoFEC

CDB/JICA/IDB Memorandum
of Cooperation
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Support for Geothermal Facility for Eastern Caribbean

Preliminary
Survey

ive

Drts which matches nature &
of geothermal development

Contingent
Grant

Exploration

Field Development &
Construction

Institutional Strengthening

Design Options Being considered

Basic Form

Exploration & Test Drilling

Resource identification and
evaluation, establishment of an
updated data base, test drilling

adeqguate to confirm resource
viability

1B
GeoFEC A
T
- S5
: T
/ Provision of: i
f \ =
technical \ v
and financial
expertise 1o !
the BMCs f T
\ f
b Jy
v

Construction and Operation of
Power Plant.

Field develapment, plant
construction, operation and
maintenance.

==

| Power Supply ]

1

IPP get reimbursed
according to PPA and
repays its loans

Figure 3: Conceptual Model of Geothermal Energy Facility of Eastern Caribbean




Operation of GeoFEC

Supporting Exploratory Phase

FUND - Grants Coordination

Contingent

= Selection of Projects
Concessional Loan

Project
Developer

Technical Consultant engaged by CDB
Advisory Group of Donors, BMC reps, etc: IDB, JICA, EU, KfW, etc

Status of GeoFEC




Double edged sword
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Seminar on Current
Situation of Energy Sector
In CARICOM Countries:

Towards a Diversified
Caribbean Energy Matrix

Christiaan Gischler
Senior Energy Specialist

JICA seminar

Tokyo Japan
November 6, 2014

Caribbean Energy Sector
Characteristics and Challenges

= Technical
» Heavy dependency on fossil fuels

» Disaggregated small and isolated loads,
difficult to achieve economies of scale

 High cost of interconnections (with some
exceptions)

» Load growth projected to increase by more
than 3% annually in the next two decades




Caribbean Energy Sector
Characteristics and Challenges (cont.)
= Social and Economic

* Low penetration of Renewable Energy (RE)
and (EE)

* High cost of generation, both fossil and
renewable

» Low capital investment capacity
 Limited skilled work force

 Limited enabling Regulatory Framework to
promote RE and EE (with some exceptions)

Tariffs and Oil Prices
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EE Potential

D’ BAHAMAS
‘ L]
27% (NEP, 2030)
-86 MW in 2030 q g
o < DOMINICAN AN Td
/ ) RPUBLIC and NEVIS
w -36 MW in 2033 < Vel . AN
BN BELIZE JAMAICA &, .
DOMINICAS  25% 2029
8% (2023) S aamw
: 53 MW in 2023 SAINT LUCIAs
~ SAINT VINCENT and

2
THE GRENAD[NES) BARBADOS
GRENADA® _1piNiDAD

and
3B toBAGO

'OECS:
Energysavings:
4,000 GWhifrom . ...

o 2013t0 2032 (iDB) 1 - SU

-28 MW/year o

Energy Efficiency potential

EE Cost Curve in Scenario with Natural Gas
< » Commercially viable ================-=- >

Economically viable

Compact Fluorescent Lamps (CFLs)

LSDING, all-in cost:

Power Monitors US$0.10-0.14/kWh

Premium Efficiency Motors

LSD/HFO, all-in cost:

Efficient Window A/C Systems US$0.16/kWh

/Retail Tariff NG DR |
USSO.L7AWh |

Variable Frequency Drives

Efficient Split AIC Systems

T8 Fluorescent Lamps w/Occupancy.. '
Efficient Chillers

T5 High Output Fluorescent Lamps
LCD Computer Monitors

Efficient Residential Refrigerators
LED Street Lighting

Efficient Retail Refrigerators (Condensing.. ; 0.32

0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45



Energy usage by hotels (Results from CHENACT)

Air conditioning and lighting together account for nearly two-thirds of all the electricity
consumed in the hotel sector.

Other, 1,515,484

End-Use electricity
consumption and
Saving values in kWh

Hot Water & Laundry,
2,137.812

g Savings
Tt potential
of 30-40% in
Equment, 4152546 energy
and 40-50%
in water

AC-Electricity Saving,
3,836,313

Lighting,
/ 3.224 459

Lighting Electricity

Saving, 1,267,807

?\@ Y . RE Generation
X Aais - potential by 2030

‘RE gen. 31%

(NEP, 2030) RE gen. 14%
o < DOMINICAN SRANEVIS
« @@ PUERTO RE gen. 62%
RE gen. 50% S D £ JANTIGUA and
& (NEP,2033) <> .= « BARBUDA
SN BELIZE JAMAICA T o

RE gen. RE gen. DOMINICA*'“ RE gen.

RE gen. 20% °
(NE§|='> 2030) oSk 100%  SAINT LUCIAe 37%
’ SAINT VINCENT ande  ®
RE gen. 100%—___ THE GRENADINES ~ BARBADOS
A St GRENADA® TRINIDAD

d
B 108AGO RE
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.......
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Eastern Caribbean EE and RE potential

25,00

Renewable Energy with Fuel Oil

¢ Commercially viable mmpe - o o oo e e e e >
- =)

=
Economically viable

Geothermal (100MW)**

B Firm technology
@ Non-firm, less relaible technology
@ Non-firm technology

0.08 LSD/HFO, fuel cost:

Anaerobic Digestion / Biogas (2MW) USS0.LLKWh

Landfill gas to energy (internal combustion)

Gas turhine, fuel cost:

Bagasse cogeneration 0.09 US$0.15/kWh

Commercial SWH (70 kW) LSD/HFO, all-in cost:

US$0.16/kWh

Wind (850kW)

Hydro*
{Retail Taiff Others* |
1US$0.32-0.43kWh

Residential SWH (2kW)

Solar PV (utility scale)

Seawater Air Conditioning (2MW)
Solar PV (comm. scale)

Solar PV (small scale)

Wind (10kW)

OTEC (5MW) 0.50

0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55



Renewable Energy with Natural Gas

Commercially viahle m m = = = = = = - >
m——————— => Economically viable

B Firm technology
@ Non-firm technology

Geothermal (LOOMW)**

Anaerobic Digestion / Biogas (2MW)

Landfill gas to energy (internal combustion) LSDING, fuel cost: US$0.06-

0.095/kWh

Bagasse cogeneration

Commercial SWH (70 kW) LSDING, al-in cost;

US$0.10-0.14/kWh

Wind (850kW)

Reta|| Tariff DR |

1USS0.L7kWh |

Residential SWH (2kW) 014y ‘Retal Tariff Others |

+--1US$0.25-0.4LkWh* -+~

Hydro*

Solar PV (utility scale)

Seawater Air Conditioning (2MW)
Solar PV (comm. scale)

Solar PV (small scale)

Wind (10kw)

OTEC (5MW) 050

0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55

Case Studies

= Belize
— Interconnection with Mexico
— Base load RE (hydro)

= Barbados

— No interconnection

— Limited RE Base load

— Intermittent RE available
= Grenada

— No interconnection

— Geothermal Potential
= Haiti

— 30% access to energy




Evolution of Belize’s energy matrix: EE
saves money and increases competitiveness

GWh
1,400
EE can reduce
1,200 - consumption vs BAU
by 24%

1,000 -
800 -

600 - More RE can

meet increasing
demand: 89% of
generationvs
43% BAU

400 -

200 -

2012 01 016 018 9020 9002 g02%F 026 028 9030 03

Hydro Small Hydro B Biomass Anaerobic Digestion
B Landfill Gas H Diesel Heavy Fuel Oil B Wind

B Utility Solar PV Solar PV Distributed Wind/Storage % CFE ; IDB

The Case of Barbados

= Studies on RE and EE potential

= Policies and |legislation to promote RE and EE (National
Sustainable Energy Policy)

= Plans to support RE and EE (i.e. phase-out plan for
incandescent lights, safe disposal CFLs, ACs)

= Pilot projects

= Energy Smart Fund (technical assistance and low

interest loans to implement RE and EE projects in
SMEs)

= Public Sector Smart Energy Program (100% of street
light replaced with LEDs, government buildings
retrofitted)

-_Studies on Ocean Studies and RE in transport




Barbados
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Geothermal potential in the Eastern Caribbean and
development status

Dominica  Dominica Nevis (Nevis Grenada Saint Saint
(no export) (eXport) +' (no Lucia Vincent
St. Kitts) export) (no (no
export) export)
Plant size* 100
(Realis_tic 16MW 120MW 31 MW 29 MW 51 MW 26 MW
potential)
Exploratory Explorator S Some
Production ploratory ploratory exploration Surface
Development . drilling drilling exploratory .
well drilling . . needed to - exploration
status confirmed confirmed drilling :
completed prove . ongoing
resource resource carried out
resource

Note: *=Plant size that would supply baseload electricity demand in 2023 based on demand
estimates. The size of the export project from Dominica is based on media reports on the
proposed projectsize.

Estimated costs do not include costs for any ongoing steps.

= Electricity access in Haiti is the
lowest in the Latin American and
Caribbean (LAC)

= Over 70% of population lacks

access to electricity

= 100 solar-powered street lamps in
two of the largest camps,
Carradeux and Petionville Club




Haiti’s Refugee
camps
Retrofitted with
solar PV

street lights

Opportunities for the Caribbean part 1

Review Regulatory and legislative changes
to promote diversification

Promote smart grids in combination with
Natural Gas, RE, EE and Energy Storage

If geothermal is available, develop it!

Public sector programs to retrofit buildings,
street lights and other public dependencies

Develop Smart Fund programs to promote
RE and EE in SMEs




Opportunities for the Caribbean part 2

* Develop Interconnection programs
where they may make economic sense

» St Kitts — Nevis
» Guadeloupe - Dominica- Martinique

» Explore and pilot RE in transportation -
electric vehicles powered by RE
sources

* Develop ocean studies and pilot
programs, particularly OTEC _,

Opportunities for the Caribbean part 3

« Bundling of procurement
— What would the price obtained per Watt of PV for a
regional RFP?
— Aggregate purchases of common basis energy
technologies (i.e. solar, lighting, and A/C)
 Harmonize standards & customs duties to provide
preferential treatment to energy related products

« Bundling of carbon emission

— Example in the tourism sector through the
CHENACT program (+1 million tons of COZ2 could

be sold)




Technical & Financial assistance, Training &
Capacity Building for the Caribbean energy sector

= CORE Cofinancing program to promote RE and
EE in Central America and the Caribbean
Funded y JICA (US$ 1 B) and IDB (US$ 300m)

= BRIDGE in Sustainable Energy and ICT
Program (Trinidad and Tobago, Jamaica and

Barbados), partnering with Gov. of New
Zealand, Scotland, GE, and Phillips

= Expand the CHENACT program

= Contribute to achieve the RE CARICOM targets
(national and regional)

= Develop EE regional and national targets

Thank you!

Christiaan Gischler
Tel: 1-202-623-3411
Email: christiaang@iadb.org

Shohei Tada
Tel: 1-202-623-3738
Email: shoheit@iadb.org
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