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Objective — Determine a realistic and achievable estimate ofthe
electricity that can be produced from renewable resources
In Puerto Rico.

1. Biomass — including solid waste*,
2. micro hydro*

3. ocean -waves and thermal

e (tides and underwater currents were estimated negligible in preliminary
study)

4. solar - photovoltaic & solar thermal*,

5. wind - large and small,

6. fuel cells
* Only in preliminary study
Detailed study.
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WIND ENERGY
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(m/s)

Variability of Wind by month

More wind In summer, based on “Monthly
Distribution of mean wind velocity in (m/s)”.
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Variability of Wind — day & night cycle

Diurnal effect is the change Iin wind speed from
night to day. This effect is strong inland.
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As the sun heats the ground during morning hours, the wind speed intensify. At sunset the
wind return to the speed it had in the morning hours.
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How many large turbines?
Avalilable land vs. best wind

Selected Area with High Wind Speed Resources
e Puerto Rico’s area = 8,960 km=2
= 160 km x 56 km T T T e
= approx. 2.24 million cuerdas ' ' ! MR P
e Best wind, and best access to LS 55 =N

infrastructure, in a 3 km wide A = gl
band along the north, east, and SR S s - e AR
south coast T o aiom. E
= 960 km?2 (240,000 cuerdas) —— — | |
= 10.7% of PR total arga _ Populated Areas and Unpopulated Areas in Puerto Rico
= 50%, 480 km?, of this area is \ /
heavily populated (to be used for SN e A -
small wind) and 50% is not a Mg S e
populated, we assume it can be & . @,_.j@
used for wind farms, large wind o 5oy o SR
turbines. Do not compete (it PRTTUIPTII S P HATO BRI LA B
complements) with Biorefinery B
efforts. : | =
= 12,000 small turbines (10 — 50 MW) o Z 6
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Off shore wmd turblnes

With a density of 5 MW/km? the 2,745 km? can accommodate 13,725 MW

of installed wind capacity. If only 10% is used we still have 1,372 MW.
7
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Current State of Offshore Wind Offshore wind farms
operating in Europe
(~2GW total capacity)

Largest wind farm, 300 MW
»  3-MW upwind turbines

Operating almost exclusively in shallow water (depth <
30m)

Wind farms generally under performing with high cost
factors

Frequent unexpected failures and substantial downtime
Serious concerns about O&M, reliability, and system life
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Knowledge & Technology Gaps

1. Current designs based on extrapolation from
experience of land-based wind energy and
offshore structures (e.g., oil and gas) independently

2. Inadequacy of translating existing knowledge &

technologies to offshore wind energy systems

»  Scaling issues of offshore wind different & unsolved from offshore oll
and gas

»  Manufacturing, testing, control, and reliability of multi-megawatt
machines

3. Aerodynamic and subsea interactions in offshore
wind farm systems

Achievable Renewable Energy Targets for Puerto Rico April 6, 2009



“Terminator”

“Attenuators”

Absorbers’ -
Pelamis Vvave

Power Buoy Dragon

“Oscillator
Water
Column”

OCEAN ENERGY
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Variability of Ocean Wave Energy

Monthly Average Wave Power

Average Wave Power, kwW/m

kd Monthly Average Wave Power

This graph shows the average wave power for station L1-9 during 1999.
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Avallablility of Ocean Wave Energy

ANNUAL AVERAGE WAVE HEIGHT IN METERS IN AREAS AROUND
PUERTO RICO ON 1°X1° COORDINATES
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Highest wave energy concentrates in the north coast.
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average wave
height in

meters (m)

.74-1.50
.49-1.25
2.55m*

1
1
Ay

*Average of data
obtained the measure of
SBE 26 instrument and
calculated by a SWAN
model by Juan C. Ortiz
Royero for his thesis

work
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Offshore Wave to Electricity (Pelan

Pelamis Wave Energy Conversion Absorption Performance (kW) in Each Sea State
Tp (s)

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 20

The space occupied one Pelamis is approx 552 m? of sea.
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IS)

Total annual
energy
density, per
unit length of
wave crest, in
the north
coast is
approx.
59,520
kwh/m (= 5
houses/m).

Total annual
energy
absorbed by a
Pelamis
device is
approx.
1,463,800
kWh. 13



No reliable cost data Is available to judge the
economic feasibility of OTEC technology.

« Concept is well understood, resource is available in Puerto
Rico but no one has built a commercial OTEC plant.

 Funds are required to install a prototype faclility (Puerto
Rico’s south coast) to identify and try to overcome the
technological challenges in construction and operation.

— No evaluation of environmental impact of OTEC has been produced.
The prototype will provide real data to evaluate the consequences to
the marine environment of operating this technology.

e Private companies claim to have a complete design for an
OTEC plant but are unwilling to commit to a purchase power
agreement at a fixed kWh sales price.
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BIOREFINERY RESEARCH CONSORTIUM

CI0 DE INVESTIGACION
GONSOEH BIOREFINERIA

BIOMASS
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Area aprox. necesaria para la produccion de Biogasolina
1,000 millones de galones anuales

e '
@ | No incluye 1,500 — 2,000 millones de galones /,;_/f-;:ﬁ

anuales comhustible para KWe

7 o 7
Consumo de gasolina anual en PR 1,000,000,000 Unidades Hectareas Und. %0 Hectareas
de PR de PR
Biomasa Productividad por | o « a0 906,500 | gal 100%
hectarea

3 |Bioetanol de lignocelulosa (moderado) 5,000 |gal / ha*ano 200,000 | ha 22.1%

Gasolina de microalgas en charcas por Fisher Tropsch
(+50% de productos adicionales)

10,000 100,000 ha 11.0%

gal / ha*ano
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Area aprox. necesaria para la produccion de Biodiesel
500 millones de galones anuales
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Microalgas producen 50% de bioproductos (6Fs) @

adicionales.

hectarea

: - :
Consumo de diesel anual en PR 500,000,000 | Unidades | Hect@reas | g, | % Hectareas

de PR de PR

Biomasa Productividad por gal *ano 906,500 gal 100%




Bio-refinerias, éla industria del futuro?

e La bio-refineria puede ser una oportunidad mas para el sector
forestal
e La bio-refineria se define como:

— “el uso eficiente del potencial total de la materia prima y en procesos
del sector forestal para ampliar el rango del valor afadido de los
productos (por cooperacién en y entre cadenas)”

e Integra procesos y equipamiento de conversion de biomasa para
producir combustible, electricidad, y productos quimicos

Sugar Feedstocks

Sugar Platform
“Biochemical™

Residues

Combined Fuels,
Heat & Chemicals,
Power. & Materials

Biomass

Clean Gas

Syngas Platform

Thermochemical Conditioned Gas
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Dr. Agustin Irizarry Rivera, PE
Education:
 B.S.E.E. (Magna Cum Laude), UPRM
 M.S.E.E., University of Michigan

* Ph.D., lowa State University

Areas of interest: renewable energy resources such as
eolic and solar thermal and electric power systems
dynamics and operation

Honors: ECE Professor of the Year, CIAPR EE of the
Year, lowa State Progress in Engineering Award

Professional experience: Led projects totalling over
$2M. Expert witness in civil court cases involving electric
hazard, shock and/or electrocution. Consultant to the
Puerto Rico Energy Affairs Administration on eolic
generation projects. 20
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Dr. Efrain O’Nelll Carrillo, PE
Education:
 B.S.E.E. (Magna Cum Laude), UPRM
* M.S.E.E., Purdue University

* Ph.D., Arizona State University

Areas of interest: Power distribution systems, power
guality, sustainable energy resources, load modeling
and social implications of technology.

Honors: ECE Professor of the Year, CIAPR EE of the
Year, IEEE/PES Walter Fee Outstanding Young
Engineer Award

Professional experience: Led projects totalling over
$4M, CPI del Caribe (Dorado, PR), TOR Engineering
(Phoenix, AZ), Puerto Rico Electric PowerAuthorityé1
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Dr. José A. Colucci Rios, PE

Education:
* B.S.Ch.E. (Magna Cum Laude), UPRM

* Ph.D., University of Wisconsin-Madison

Areas of interest: Bio-refinery, biofuels, sustainable
energy resources, fuel cells, nuclear engineering.

Honors: ChE Professor of the Year, UPR Distinguished
Researcher, CIAPR ChE of the Year, 2008 EPA
Environmental Award (Project Technical Director,
Caguas Fluoresce)

Professional experience: Led projects totalling over
$3M, Union Carbide, Chemical Industry Consultant,

Associate Dean of Engineering, ChE Director.
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Thanks

« AAE

 Miguel Rios, Franchesca Aponte and
Magaby Quintero, Arlene Sosa, Luisa
Feliclano and Johana Dumeng, Hillmon
Ladner, Lililana Martinez, Edy E. Jiménez
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Annual kiWh Generated

Estimate of potential electric energy
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Annual KkWh Generated

Estimate of potential electric energy
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