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1a. Outcome: To introduce participants to the wind energy resource

Deliverables: the main deliverables of this section are to:
1. Outline the source of wind energy
2. Explore the factors affecting wind energy throughout the Caribbean Region

3. Examine the requirements for harvesting wind energy and their potential
effects on the environment

1b. Outcome: To review and perform common wind resource assessments
Deliverables: the main deliverables of this section are to:
1. Outline the steps in assessing wind resource
2. Outline the steps and tools used in wind data collection

OO0 Wige

CGCREEE 3. Perform common wind data assessments Igﬁgre
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1c. Outcome: To introduce participants to the best practices for high level wind
resource assessments

Deliverables: the main deliverables of this section are to:
1. How measured data can be used to model more general wind atlas
2. Difference in data quality for planning vs site implementation

3. Various requirements necessary for creating a bankable report

1d. Outcome: To review feasibility considerations and climate vulnerability impacts
Deliverables: the main deliverables of this section are to:
1. Outline the steps in wind development planning
2. Analyze the various environmental impacts to determine feasibility and
00000 implementation Renedte e
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Wind Energy —

Solar radiation concentfrated
over a larger area

Wind is a form of solar energy. Winds
are caused by the uneven heating of
the atmosphere by the sun, the
Irregularities of the earth's surface,
and rotation of the earth.

- Solar radiation concentrated
¢ \ over a smaller area

Wind flow patterns are modified by
the earth's terrain, bodies of water,
and vegetative cover.

Kirby, Lawrence (2017). Intt

Image: Climate Science Investigf
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* Pressure gradient force
* Topography

* Coriolis effects

* Friction
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Introduction to the Wind Energy Resource
Factors affecting Wind Enerqgy .

Pressure gradient:

The air pressure difference between
two locations is called the pressure
gradient, and the force that actually
drives the air from high pressure
areas to low pressure areas is called
the pressure gradient force.

_E?ce (2017). Introduction to wind and hydroelectric energy ReneWCIble
pegeamcmims Nullet. Kapiolani Community College Geography. laulima.hawaii.edu nel'
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The trade winds meet (or converge) in the zone of low

pressure in equatorial regions. This zone is called
the Inter-Tropical Convergence Zone (ITCZ).
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Localized (Regional)

da

There are strong currents of rising air known as up-draughts.
As the air rises, the moisture within it condenses, clouds
form and it rains. The conditions in the ITCZ make
equatorial regions some of the wettest in the world. These
areas often experience heavy rainfall and thunderstorms. It
moves NORTH of the equator during the northern
hemisphere summer. It then moves SOUTH, crossing the,

Equator and moving into the southern hemisphere. Ren‘g;\)gjble
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https://www.geoforcxc.com/natural-systems/weather-and-climate/trade-winds/

Introduction to the Win«
Factors affecting Wind Enerqgy

Energy Resource

i o
Land — Sea
Wind

Patterns
(Seasonal)

Mnt“ Monsoon summr Monsoon nttp:/Amman.physicalgeogradhy.net/fundamentals/70.html
|

Wind is the result of a complex climatic interaction between the distribution of land and water,
topography, and much more. In the summer, a low pressure centre forms over land. Warm moist air is

®®809 drawn into the thermal lows from air masses over oceans. During winter the thermal extremes Renug'\;vable
CREEE  petween land and ocean decrease and the flow pattern shifts Energyda
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Introducti

Air Motion (Topography)

xesource

Localized (Regional)

As warm air rises, it expands and cools. It
then sinks back down to fill the space the
warm air left behind. This convection
current, or circulation of warm air rising
and cool air sinking, has some interesting
effects on wind. Wind is horizontally
moving air - so, any air that moves left to
right instead of up and down. Topography

plays a crucial role in air motion Air currents effect on local air circulation.
PO200 gt n
CCEEEE Renewable
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Localized (Regional)

Introduction to

Alr Motion
(Topography)

Mountain Wave: Air flowing across a mountain range usually rises relatively
smoothly up the slope of the range, but, once over the top, it pours down the
other side with considerable force, bouncing up and down, creating turbulence

sesep and powerful vertical waves that may extend for great distances downwind of .
CCREEE the mountain range. This phenomenon is known as a mountain wave. 'Eﬁg‘?
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Introduction to the Wind Energy Resource

Factors affecting Wind Enerqgy
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Air Motion (Topography)

Valley Breeze: the slopes are warmed
during the day. The air in contact with
them becomes warmer and less dense
and, therefore, flows up the slope. This
is called valley breeze.

Mountain Breeze: At night, the sides of
the hills cool by radiation. The air in
contact with them becomes cooler and
therefore denser and it blows down the
slope into the valley.

N
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Introduction tc

The Coriolis Effect

Jy Resource

This deflection of wind from the
Earth's rotation is called the Coriolis
Effect. The Coriolis Effect does not
Impact the wind speed, only the
wind direction.
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http://study.com/academy/lesson/the-coriolis-effect-definition-influences.html

Introduction to the Wind Energy Resource

Factors affecting Wind Enerqgy

— Expected path (PGF) 90° N Global Winds
* Coriolis effect

/ a
3 ,‘7\ Lm\ e Polar Easterlies
\ // \ Westerlies
— H /<}?/ 30°N
( 1{ \ NE Trades
N
P

e L 4
(‘ i / SE Trades
= \ H 30° S
f Westerlies
- D 60° S
" Polar Easterlies
\1 - ' ] https://www.slideshare.net/Ischmidt1170/chapter-five-5084368
20200 H PGF — Pressure Gradient Force
CCREEE 90° S
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Intro cl

e — 2000
_—_—
Friction decreases the wind speed and it also —_— s —
changes the direction of the wind. = - 1500 &
____________________ =
Two types of friction occur in the atmosphere. | /\\J\J - %
Molecular friction (friction between individual 2
air molecules (called viscosity)) & <
Friction between two surfaces (i.e. friction
between air and land).

The frictional force causes the wind to slow

down about 20%. |
Cesou Renug\/t@a
COREEE Energygs:
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What 1s a Wind Turbine?

A wind turbine is a device that
converts the wind's Kinetic energy
Into electrical power.

There are two main kinds of wind
generators, those with a vertical axis,
and those with a horizontal axis.
Wind turbines can be used to
generate large amounts of electricity
In wind farms both onshore and

offshore.

[
<>
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CARIBBEAN CENTRE FOR RENEVIABLE
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Introduction to Wi

How do turbines capture the wind’s kinetic energy to generate electricity?

PR - ; :> 1
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! . But —m =m = pv,A4
— ) dt
~qL = 1
V - - — V oo Pwind — EpAvl
Finally, Ping = > pAv,3C
Inally, wind — PAV1 L prax
———————— .. Cpmax is the power coefficient
b @® < [ [ . 0 Mgtn
o called Betz Limit,59.3% Reradci e
AR CENRE 02 ENEWANE http://www.chegg.com/homework-help/questions-and-answers/consider-large-propeller-type-wind-turbine-shown-sketch-approaching-flow-contained-within--q3712240 Ener
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Wind Energy In

1996 2004 2010 2010 2016
0.225 MW 20.7 MW 18 MW 3 MW 24 MW

e

Wigton | Wigton |I JPS - Munro Wigton IlI BMR
Munro
College
* ~100.7 MW of Utility Scale Wind
® Also some houses & businesses
® Usually < 6 kW wind installations
Wige n
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http://www.jcoba.org.jm/economics/notices/Climate%20Change%20Conference/Opening%20Ceremony/Anthony%20Chen%20IPPCWG1_files/slide0051_image108.jpg
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Wind Energy In the C

Belize - No windfarm
a) However, a wind map has been produced to highlight potential areas

Guyana — No windfarm
a) Currently the GEA is undertaking wind speed measurements at Kato and Quarrie
b) Will also be taking measurements at Kurukubaru, Chenapao, Onverwagt, Leguan and 2 other sites

Trinidad and Tobago — No windfarms
a) Dialogue continues to commence an island-wide assessment of Wind Energy potential across the two

islands

St. Lucia — No windfarm
a) Plans continue surrounding the development of a wind farm at Anse Cannot, Dennery

00200 Wige
(I:REEE Renewable
CRE EnCIOWEn
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Wind Energy in the Caribbean

Central America - 50 m Wind Power
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Intro

AS eXpeCted, wind 2000 /\

- - . d eed \

speed Is crucial for 1800 ﬁ@/g‘:;‘me fiwr:: \\ /

energy generation but it ™ \. Examp\el-.sfgeap’; 15w 7

is not the only factor. = ™ | me > T
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direction, 202 i
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Wind speed [m/s] |
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Introduction to Wind Resource Assessments

Steps In Assessing the Wind Resource

 Prospecting — preliminary site
selection
 Previous Data
 Flagging
* Immediate Surroundings

» Data Collection
 Data Manipulation/Presentation
* Meteorological Mast Assembly
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Introduction to Wind Resou

Steps In Assessing the Wind Reource |

: #a5 ‘f
A 3

Prospecting

As discussed previously,
global, regional and
local weather/geographic
maps can be used to
Identify potential wind
farm sites. Let’s look at
the Caribbean region:

N Y ‘ . ;‘:’
s s kil 3 W T T
“nees What do you observe about the prevailing winds? Resiéoe
CCREEE at do you observe apbout the prevalling winas" ENCIOVE

Date: Tuesday, February 16, 2021 Training Manual for Wind Resource Assessments Mr. Sanja A. Simmonds



Introduction to Wi

Prospecting

MAP LAYERS
2 Wind speed

;; Particles

Q8

& Airtemperature
Ga> Precipitation / 3h
MAP STYLE

Edges

Gradient

FORECAST MODEL
Superforecast

Forecast

SPOTS ON MAP

Model: GFS
Last update: 5:52 PM
Next update: 11:52 PM local time

Mon, 3/25

There are decades of

meteorological data available

20000 at the local Met Office(s)

CCREEE

CARIBBEAN CENTRE FOR RENEWABLE
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Average Rainfall (mm)

Average Rainfall (mm)

a. Jamaica, West Indies

1!
50 km =

@ Grape Tree Pond (17°53'N, 76°37'W)
and Easington weather station

b. 1881-2010

Jamaica, West Indies

a NN
8383

2883

30

J FMAM

J A S OND

d.
270 4

1914

Easington, Jamaica
(17°55'N, 76°35'W)

J FMAMIJ J ASOND

180 1

Standarsised Units

r=0.64
p <0.001

1900 1910 1920 1930 1940 1950 1960
Year (CE)

—— Rainfall at Easington

(June-Nov;1893-1966)
—— Frequency of tropical cyclones
(15-25°N; 70-80°W; 1893-1966)
B Hurricane Season [ Dry Season
2‘7’: e. 1881-1966
340 Easington, Jamaica
(17°55'N, 76°35'W)
210
180
150
120
90
60
30

JJFMAMIJ J ASOND

Average Rainfall (mm)

solargis

http://solargis.info

Morant Bay

780{ f.

1933
Easington, Jamaica
(17°55'N, 76°35'W)

JJFMAMI

J A S OND
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Introduction to Wind Resource Assessments

Steps In Assessing the Wind Resource

Prospecting

A closer look at Jamaica’s topography
reveals how Rose Hill’s 1deal
properties for wind energy
developments

Windward .~ Leeward
side/v \side
Prevailing Winds /

Wigt‘n

PO200 Renewa
e
CREEE ERCiuEs
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INntro

Flagging
Trees can be used as indicators of
Prevailing Wind Direction. One technique
for determining the mean wind direction is
tree flagging. Trees have been used for
hundreds of years as an ecological indicator
of wind direction, wind exposure and as a
measure of the severity of wind.

This technique is particularly useful in
mountainous areas, where winds are often
complex and the available wind data are
sesep Mited and provide little information on |
acrReee  wind direction/speed. Renewable
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Introduction to Wind Resource Assessments

Steps In Assessing the Wind Resource

Flagging

Prevailing wind =—3» -)')%‘

|
Brushing
and slight
flagging

Flagging

Wind
Flagging
Classifications

DO 00 Wigt .n
QGCREEE Renewable
sy com: ket Ener
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Introduction to Wind Resource Assessments

Steps I1n Assessing the Wind Resource
Wind Gradient

less turbulent free atmosphere
profile of mean wind speed
1-2km % | _ _ _ _  _ _ _ _ _ _ _ _ __ _uerboundaryofABL
outer layer

— — (Ekman-layer)

100300 T i e g e e T e T e T e e e e e o e e e Y T T e P i e A P
type of flow: inertial

sublayer
2-3 x building height 4+ -—-—-—-/—-——~- surface laver wind load on buildings
‘ ughness (P . and structures
fibbi pollutant flow above bridge
: dispersion complex terrain aerodynamics

highly turbulent, 3D e

POO0D R Wige:n
enewable
QBEEEF urban canopy layer flow above natural surfaces E
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Introduction to Wind Resource Assessments

Steps I1n Assessing the Wind Resource
Wind Gradient
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Introduction to Wind Collection

Meteorological (Met.) Masts

The met mast Is a tower (usually) made
of steel where measuring equipment Is
Installed.

|deally the met mast should have the
same height as the wind turbines that are
going to be installed Iin the area -
however, to save money sometimes
shorter masts are used.

CARIBBEAN CENTRE FOR RENEV/ABLE
ENERGY & ENERBY EFFICIENCY

Anemometers

Guy Wires
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Introduction to Wind L
Met Masts

The equipment installed on the met
Include:

*Anemometers (usually there are several
anemometers at different heights)
*\Weather Vane (to record the direction of
wind)

*Barometer (measures pressure)
*Thermometer (measures temperature)
*Pyranometer (measures solar irradiance)
*Solar Panel (energy source)

CARIBBEAN CENTRE FOR RENEVIABLE
ENERGY & ENERBY EFFICIENCY

Data Logger (stores/transmits measurements)

' Collection

mast T o i
———
OTO J_ C-TO v g
T |
the w o B
’ 23 m

10m
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Introduction to Wind Data Collection

Meteorological
(Met.) Masts

mmmmmmmmmmmmmmm

Joiner sleeves
4.

e% .
Steel guy Lo,
ropes ’0,5.% Winch

% 0
¢ Gin pole
o =

Guy rope anchor  Centre foundation
pad foundation
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Introduction to Wind L : Collection

00500 Note: this is a Lattice Tower met mast, a tilt-

CCREEE up is just a pole (similar to the gin pole) Renewoble
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The winch is used
as a pulley to lift
the met mast. The
pole has to be

.+ monitored, and
§ cable lengths

adjusted during
lifting to ensure
symmetry and
stability.

Renewable
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Introduction to Win

The finished
product

Gin Pole and Wlnch are secured at a _
.@..@ R WigtnbIe
CCREEE separate foundation EnCrOVEER.
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IAStruMmentation - Anemomete

Air flow past a cup anemometer CUP ANEMOMETER
In any horizontal direction turns
the shaft at a rate that IS
proportional to the wind speed.
Other types include:

- Vane Anemometers

- Ultrasonic Anemometer

W‘gt n
20000 Renewable
GCREEE Energydin.
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Introduction to Wind Data Collection

Instrumentation — Wind Vane

A wind vane (also known as a
weathervane) Is an instrument that
Indicates the wind direction.
Specifically, a wind vane shows
what direction the wind originates.

P &3
00000 Renewcble
CCREEE Energyge
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Introduction to Wind Data Collection

CARIBBEAN CENTRE FOR RENEVIABLE
ENERGY & ENERGY EFFICIENCY

Instrumentation - cont’d

D

1;

4
—F

Temperature and Relative
Humidity
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Introduction

Data logoer

DD

All measurements are recorded on the data logger:

* Must be stored in enclosure to protect from
elements

* Requires a remote power source (normally a PV
module) and/or a battery

 For the wind power industry, average
measurements recorded every 10min

 Data collection either by GSM modem or
manual recovery via USB or SD memory card

« Complete and precise data is essential for
secep Windfarm design software (and for acquiring
QCREEE financing)
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Introducti

Data logoer

DS

So, how much data is collected in 1 year?

10 min averages of: wind speed + direction
(at ~3 heights), relative humidity, temperature,
pressure, time and battery level (11 readings):

10x11x6x24 x 365 =
5,781,600 different values

How can we represent all of this data clearly

and effectively?
PO
CCREEE
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Introduction to Wind Data Collection
data — Wind Rose

Presenting

What is a Wind Rose?

A diagram showing the relative frequency of wind directions.
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Introductio

Wind Profile Power Law

u, _ (Z_) o
ul VA

1

where ul and z1 are the known wind speed and height respectivelly and ais an
exponent that is a function of both atmospheric stability and the underlying surface characteristics.

Logarithmic Wind Profile Law

7= (D)|n(52) + v )

where u* is the friction velocity, k is von Karman’s constant (0.4), z, is the surface
roughness length, z, is the zero-plane displacement height, L is the Obukhov stability length and

W,, Is a dimensionless function that accounts for the change in the wind profile away from the
neutral profile.

Assuming neutral stability, a in the wind profile power
law is 0.143 and W,, is equal to zero

®POCOD Wigt .
GCREEE Renewable
e et o o Ener
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Introduction to Wind Data Analysis

Steps In Assessing the Wind Resource

Riughness class 0
2 3
3 Y 8 %
4 2|18% | 542
g g N g c| £
£ | £<£ “w @ >
oo o 'g o =
=1 =] Q o
0| 8§ § x| €
urface |8 [5c|s
0| 0.0002 | 0.09| 100 | Water surface

Rdughness class 1

R O u g h n eSS 0.5| 0.0024 | 0.14| 73| Completely open terrain with a smooth surface, such as
L th i concrete runways in airports or mowed grass

0.03 | 0.21| 52| Open agricultural area with fences and hedgerows and very
scattered buildings. Only softly rounded hills.

0.055 | 0.24 | 45 | Agricultural land with some houses and 8m tall sheltering
hedgerows within a distance of about 1,250m.

0.1 | 0.29| 39| Agricultural land with some houses and 8m tall sheltering
hedgerows within a distance of about 500m.

02| 031 31 | Agricultural land with many houses, shrubs and plants, or 8m
tall sheltering hedgerows within a distance of about 250m
0.4 | 0.43| 24| Villages, small towns, agricultural land with many or tall
sheltering hedgerows, forests and very rough, uneven terrain
0.8 | 0.50| 18| Larger cities with tall buildings.

1.6 13 | Very large cities with tall buildings and skyscrapers.
POTOD R Wigt n
GREEE Source: EeneWCI
O & iy e http://www.windpower.org/en/ ner
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Introduction to Wind Data Analysis
Scaling the Wind Data

‘Power law’ used to extrapolate wind speed

o v =wind speed (m/s)
H v, = reference wind speed (m/s)
V=Y H =Height (m)
0 H H,= Reference height (m)
0 o = Wind shear exponent (see slide 9)

Example: Assuming a roughness class 2

H=20m, H, = 10m, v, = 7.8m/s and a = 0.29

Therefore wind speed at 20m = 9.5 m/s

Height at which wind speed is measured is critical, and met mast are typically
much shorter than turbines. Met mast data can be scaled up using the ‘Power Law’
equation given below (note: If met mast height is not mentioned, a height of 10m s

gL.n

POCON
CCREEE normally assumed): %ﬁgﬁ

Mr. Sanja A. Simmonds
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Introduction to Wind Data Analysis

Scaling the Wind Speed: RECALL: Why is wind shear important?
Wind Shearing Small increases in wind speed give large
increase in available power (P = Y2pAv®)

1.5 -

-7
IO 1.4 4 S 30
T =
L 43 1 25T
> z

< o -
! 1.2 a° 20

1.1

1

1.0 1.5 20 25 3.0 35 4.0 45 5.0 1.0 15 2.0 25 3.0 35 4.0 45 5.0
H/H, H/H,

Wind shear exponent (a)
-—-0.1 -0.14 -—0.2 -—0.25

0500 Rule of thumb — Doubling tower height often increases power available by 25%;

- Wi\gtztn
_ I gl e
CCREEE therefore - use as tall a tower as possible! 'Eﬁg?
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Introduction to Wind Data Analysis

Scaling the Wind Speed;
Wind Shearing

Obstacles should be no higher than 1/3 of height of the lowest blade tip

Rule of thumb: For a
radius of 1km around
the potential site i+
location obstacles |74 ONIkm
should be no higher [%] i
than 1/3 of height of
the lowest blade tip

Height of relevant obstacles = 1/3

®PO200 Wigt
GCREEE Renewable
e e 0 e Ener
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QUANTIFYING WIND
DATA FOR

WIND FARM
DEVELOPMENTS

& @ o3 @ @ R Mgt‘n
QCREEE xenewoble
CARIBBEAN CENTRE FOR RENEW/ABLE i j=— Q@ 7 _ITUINIRG

ERGY & ENERGY EFFICIENCY ) F Qs
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Quantify

RDA (2017). Wind Energy Site Selection

This information, in combination with regional climatic
reference station data, can be used to characterize the
long-term wind resource at the site.

Date: Tuesday, February 16, 2021 Training Manual for Wind Resource Assessments M



Quantifying

Wind Power Class Wind Speed Wind P?wer Resour.c €
Density Potential
m/s W/m2
1 <4 0-100 Poor
2 4.-6.4 100-300 poor
3 6.4-7.0 300-400 Fair
4 7.0-7.5 400-500 Good
5 7.5-8.0 500-600 Excellent
6 8.0-9.8 600 - 800 Outstandig
7 8.8-11.1 800-1000 Superb

Developers can use software tools (many available online) to estimate the

wind resource at a specific project site and begin the process of designing the

turbine layout. Once the layout has been created, developers calculate how
much energy will be created on an annual basis. Profect investors rely on
an accurate estimate of generation in deciding how to finance a project.

.
ODOCOD
‘ V4 \- hhhhh
CCOREEE
CARIBBE S CEN RF FOR RENEVIAILE
ENERGY & EMERGY EFFICIENCY
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Quantifying Wind Re

Wind Farm Design Software

Map/Info News My Account Help Orders Detliverables
-

Support: 1-877-899-3463 DEOOAH«?XE«
@ View Qsearch + New Project /® Location [} Download 22 80 m Mean Annual Wind Speed (2 km Resolution)
[ mao. W o oy N airess " Request "] L ¥: 69.77895 . ;T S
Poctiolio (.Defioe. . Time frame: 2010-4-19 to 2010-5-19 Latest:  (uBey., . Z0mys., . 300us.,
NC Wind (#1)
[ petails 1002 (NRG - 4465 60m XHD TakTower)
Location Mean Wind Speed at 60.4 m (m/s): 9.16
X: -81.29883 wind Speed Data Recovery (%): 0.1 Hourly Average Speeds
Y: 35.96022 60.4 m/50.5 m Shear: 0.215
No. of Masts: 2 Mean Turbulence Intensity: 0.10
View Project Summary Max 10 minute Wind Speed(m/s):  20.78
Project Downloads Prevailing Wind Direction: SSE
Prevailing Energy Direction: SwW #
My Project V| Display Mean Temperature(*C): 15.2
Events
Webster (#2)
B Detaits SensorStatus = || ~NFFFV% || d
0 3 6 9 1215 18 21
Loouon Wind Speed Hour
2 Sk © Ch 1(60.4 m Digital) v e ey e
Y: 45.87471 S il o :
No. of Masts: 3 = = verage Speeds Speed Freq. Distribution
View Project Summary ) Ch 3(50.5 m Digital) v Dadly & =
Project Downloads ) Ch 4(50.5 m Digital) v -
) Ch 5 (40 m Digital) v < »
(v My Project V] Display ) Ch 6 (40 m Digital) x §
Wind Direction
© Ch7(59.4 m Analog) v g
) Ch 8 (41.5 m Analog) v
Other
Ch'9 @ m Analog, Tomp) v 036 91215182124
it s 3¢ Date Wind Speed (m/s)
Click image to enlarge Click image to enlarge
NC Wind Wod Mast[Jof2 b ow Wgt .n

Renewable
Energygi

Mr. Sanja A. Simmonds
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Site Planning/ Access/ Terrain

Site access: adequacy of local access roads to facilitate construction
works and transportation of large machinery and turbine parts to the site

Wind Turbine Tra
83 m Rotor blade t
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Site Plannin

Land use issues: information regarding the ownership of the lands on which the
wind turbines, transformer station, cabling will be installed, and regarding land
which needs to be accessed during the construction phase (for cranes and other
equipment) and associated remedial works thereafter

Grid connection: capacity of grid-connection, distance to suitable point of
connection to the electricity grid

\\ \, - - - "~ Il\‘ A ;-'\".\‘\
/ L o : e resesaneEeesmmm || = T ) |
J A S g 3 N _— et ! 1o | e s — - o B L [ — |
‘#w - , " }\2‘ ?"l oy - ¥ —4 ~rman L e .:_;’._"‘ S L I, Jeee gt = - - - - e _— - » {1 —i
s by ] =N p— : A » ) . - — . Nl — .
Kirby, Eawrence @017). Intréductian.t W*ﬂd"%d hydroﬁgtric BNErgys” * - b e \ I ; - S 0) _ e ; . e
Images:fwww.mercurynews.cam}, fwww:nal.ysda; gov] fwindrocks.worepress.com] = . ' l.



 Ground conditions, including soil stability, site drainage

 Potential Interference issues with regard to air traffic and radio/television
proadcasting

* Local environmental impact: noise, shadow flicker, impact of the project on
natural heritage, and visual impact (size, scale and layout and the degree to
which the wind energy project - wind turbines, transformer stations and access
roads - Is visible)

* Disposal or elimination of waste and surplus material from the construction site
as well as clearance and decommissioning considerations.

® @ o @ @ R Wi:qt“‘p
QCREEE xenewoble
CARIBBEAN CENTRE FOR RENEW/ABLE i y == L9 )7 HUINING X
ENERGY & ENERGY EFFICIENCY ) ¥
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Enviro

Local Environmental Impact

When conducting site planning for a wind
farm, the following need to be taken into
consideration from the beginning:

- Noise
- Shadowing
- Low conflict areas

A
<>
®PO200
CARIBBEAN CENTRE FOR RENEVIABLE
ENERGY & ENERGY EFFICIENCY
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Environmental Impact - NOISE

Noise

What causes noise in wind turbines? \
« Aerodynamic noise i 2
o Rotor blade interrupt air flow when
passing the tower
o Rotor blade motion causes turbulence
 Rotating of main shaft
* Vibration of Generator and other moving
mechanisms
* Cooling system (noise from fans)

[
<>
& @
CARIBBEAN CENTRE FOR RENEVIABLE
ERGY & ENERBY EFFICIENCY

gl
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Enviro

A
<>
®PO200
CARIBBEAN CENTRE FOR RENEVIABLE
ENERGY & ENERGY EFFICIENCY

150 dB | Starting rocket

140 dB

130dB | Starting airplane
120 dB

110 dB | Diskothek

100 dB | Jackhammer

90d8 Main road,

80 dB vacuum cleaner

70 dB

60 dB car

50 dB Normal conversation
40 dB Flip pages of a book
30dB

20 dB Very quit room

10 dB Breathing

Environmental Impact - NOISE

Typical limit values for wind turbines
<45dB(A) at day and <35 dB(A) at night for
residential areas/neighbourhoods
(Measurement according to IEC 61400-11)

Sound pressure decreases with distance to a
source. Doubling the distance to a wind turbine
reduces the sound pressure level by 6dB

0 500 1000

Distance from
source (m)

Renewable
En . v g)nm

ound pressure level
declination dB(A)
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Environmental Impact - NOISE

Envirc

Planning assumes the “worst case”
scenario: wind turbine at full load,
operation at night

Map (right) shows three wind turbines
and noise emissions measured in dB
sound pressure level

0-35
35—-40
L 140-45
B 45 - 50
B 50 - 55
I 55 - 100
‘ez Renchctl
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ow Conflict site ldentification

Wind farm site identification has Outcomes to avoid conflicts right from the
beginning of the project planning. This has the following advantages:

* Reduced work load for project planers

* Reduced work load for licensing authorities

* Increasing public acceptance for projects

Identify priority low conflict areas by:
1. Excluding from maps all areas for settlements, nature protected
areas, airports, industry, roads, overhead lines, military, etc.
2. Adding buffer zones to maps for noise protection around
settlements, nature protection and infrastructure safety
3. Use visual impact criteria to avoid encircling of settlements by wind

& @ @ | Wgt:.n
ICREEE farms Renewable

Wind Resource Assessments Mr. Sanja A. Simmonds



Environmental and

Distance between turbines to reduce the wake effect :

CARIBBEAN CENTRE FOR RENEWABLE
ENERGY & ENERBY EFFICIENCY

Priority Low Conflict Areas

[ 906
L )
5 rotor ®,
diameters -~
90000 ¢ \0
Q) ) Legend:
S ~ <~ Predominant wind direction
®00C0CO8 | @ position of wind turbines
AT, — - Wind turbine rotor diameter -
Renew
Energygi
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Environmental and Climate Impact

Area needed for four 70m turbines:

= .
Srotor =Ly
diameters
6x70=420 m
= 0.42 km Legend:

<=7 Predominant wind direction
© Position of wind turbine:
_ Wind turbine rotor diameter

7 rotor diameters

8x70=560m
00000 Renewcble
CCREEE Energyg
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Environmental and Climate Impact

Rated power: 0w 80 kw 250 kw 600 kW 1.500 kw 3000 kW 6.000 kw 7.500 kw 8000 kW
Rotor drameter: 5m 20m 30m 46 m 70m 0m 126 m 127m 164m
Mub height: 30om 40m S0m 78m 100m 105m 135m 135m site specific
(offshore)
Let’s use a medium sized turbine with a ngt N
20200 t . Renewcble
CCREEE rotor diameter of 70m
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Stakeholde .

Various Local and Private Agencies Involved in Pre-Construction,
Construction and Post-Construction Phases

« Jamaica
1) Jamaica Public Service Company
2) National Environmental and Planning Agency
3) Office of Utilities Regulation
4) Ministry of Science, Energy and Technology
5) Jamaica Customs Agency
6) Port Authority of Jamaica

» Trinidad and Tobago
1) Regulated Industries Commission
2) Environmental Management Authority
3) Customs and Excise Division
4) Port Authority of Trinidad and Tobago

20000 5) Trin?dad and Tobago Electricity Commission o gt
CCREEE 6) Ministry of Energy and Energy Affairs Eﬁgﬁ
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Stakeholde S .

Various Local and Private Agencies Involved in Pre-Construction,
Construction and Post-Construction Phases

» Belize
1) Belize Customs and Excise
2) National Environmental and Planning Agency
3) Public Utilities Commission
4) Ministry of Energy, Science & Technology, and Public Utilities
5) Belize Electricity Limited
6) Belize Port Authority

« St. Lucia
1) National Utilities Regulatory Commission
2) St Lucia Electricity Services
3) Ministry of Infrastructure, Ports, Energy and Labour
4) St Lucia Air and Sea Ports Authority |
b0200 5) Customs and Excise St. Lucia Wigt

GCREEE : ) Renewable
oo o e e 6 Environmental Protection Agenc Ener
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Stakeholders withi

)Cess

Various Local and Private Agencies Involved in Pre-Construction,
Construction and Post-Construction Phases

* Guyana

1)
2)
3)
4)
)
6)

CARIBBEAN CENTRE FOR RENEWABLE
ENERGY & ENERBY EFFICIENCY

Guyana Power and Light

Guyana Environmental Protection Agency

Public Utilities Commission

Ministry of Public Infrastructure and Guyana Energy Agency
Hinterland Electrification Company Incorporated

Guyana Revenue Authority

Mgt"
Renewable

Energyin
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Stakeholders within th

STRENGTHS
(Internal)

What advantages does the
project/technology have?

What does the project do
better than competitors?

What unique or lowest-cost
resources can you draw upon
that others can't?

What do people in your
market see as your strengths?

®PO6S00 What factors mean that you
CCREEE "get the sale/customers"?

CARIBBEM c mE m! RENEWABI.E

WEAKNESSES
(Internal & External)

Whaf could you improve?
What should you avoid?

What are people in your
market likely to see as
weaknesses?

What factors lose you
sales/customers/
opportunities?

ss - SWOT Analysis

OPPORTUNITIES THREATS
(External) (External)
What good opportunities can What obstacles do you face?
you spot?
What are your competitors
What interesting trends are you doing?
aware of?

Are quality standards or
specifications for your field
changing?

Useful opportunities can come
from such things as:

- Changes in technology and
markets

- Changes in government
policy related to your field

- Changes in social patterns,

Is changing technology
threatening your position?

Could any of your weaknesses

population profiles, lifestyle seriously threaten your wigen
changes, and so on business? Renewqble
- Local events Energyfsa
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Will a change In the future climate of the Caribbean bring any
benefit or detriments to Renewable Energy?

* |ncrease in Temperature?

« Can result in an increase in wind speeds; what is critical however, is the type of wind that is
generated from this increase.

« If the winds generated are too gusty, then it increases the maintenance costs of your
turbines.

 If it varies diurnally, will lead to an inconsistency in power generation from your turbines

Increase in Hurricanes or other Tropical Systems?

« Will lead to an increase in the capital costs of any wind energy developments as investors
will now have to consider the foundations required to withstand a category five hurricane.

« Can deter an investor from developing a wind farm as the frequency of systems may

POCOD increase which would lead to an high exposure during the hurricane period.
CCREEE

Wige .n

Renewable
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Climate Change| .

Will a change in the future climate of the Caribbean bring any
benefit or detriments to Renewable Energy?

* |ncrease in Rainfall?

« Can result in a constant delay of construction (whether pre-stage or during) and as such can
Increase your capital expenditure

« Can result in delays of large-scale projects (whether repairs or various assessments) which will
lead to an increase in your maintenance and crane costs

20200 Wigt
QGCREEE Renewable
e et o o Ener
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Gender and You

Are there any impacts during the development and implementation
of a windfarm?

1) Family Displacement

» As windfarms utilize large amounts of land, it may be possible that some residences and/or
agricultural lands may be displaced or disturbed.

* This can disrupt a family’s livelihood as they may be dependent on agriculture to
supplement their needs. Normally persons or families are compensated but this does not
remove from the psychological or social impact which can be developed in relocating one’s
home or lands.

®PO200 Wigt n
GCREEE Renewable
e et o o Ener
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S .

Are there any impacts during the development and implementation
of a windfarm?

2) Job Imbalances

 During the development of a windfarm, favour is normally granted to more male workers as
they are deemed stronger and more agile than their female counterparts. This then leads to

temporary constructs of restaurants, bars and shops that supplement the construction workers
being operated by women.

 Post-construction and implementation stage of a windfarm normally does not require the hiring
of non-technical persons involved in the construction phase of the windfarm, who are normally
from surrounding communities as the operations and maintenance of a windfarm does not
require a large staff.

®OSO0 Wige .n
GCREE Renewable
i e Ener

Date: Tuesday, February 16, 2021 Training Manual for Wind Resource Assessments Mr. Sanja A. Simmonds



ANY QUESTIONS

20000 Renewable
CCREEE Energya
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