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ABSTRACT

This work shows a study of the wind characteristiaking into account its direction a
speeds, of the city of San Quintin, Baja Californihe analysis is based in the informat
obtained from the local weather station, for anleat#on period from2004 to 2007. Weibu
statistical parameters were calculated and windsegere generated for each month, to obs
temporary wind variations and, specially, sea leseAdditionally, the estimated mechani
energy extracted from the wind was calcid, usable energy and electric energy produced
wind turbine of small power. These estimations warmpared against a simulation made u:
the HOMER software for the same wind conditions sahe turbine. Such results may be us
to extract wind engy in the zone, where there are seven locatioas db not have electr
energy.
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1. INTRODUCTION

wind power is one of the fastest growing sourcesesfewable energy in the world, it is
estimated that for 2020 it may contribute to a midu in CQ emissions by more than 10 million
tons, 1.5 million ton a year [1]. In Mexico the areith the biggest development potential for
2012 is concentrated in the states of Oaxaca (2y8®) and Baja California (1,400 MW) [2]. In
the state of Baja California the wind resources floe generation of electric energy are
concentrated mostly along the Sierra Juarez, espeair the Rumorosa Zone [2]. In 2009 the
wind farm La Rumorosa started operations, havingsialled capacity of 10 MW, developed by
the Government of the State of Baja California.adidition, there are wind farms in development
in this zone, being the most important those of @wnpanies Unién Fenosa/Zemer Energia
(400-1000 MW), Fuerza Eolica/Clipper WindPower (3@@V) and Sempra Generation (250-
1000 MW) [2].

The wind power generation potential for rural apgions that not been studied in detall, there
are maps such as the one from the National Renewdbérgy Laboratory made for rural

applications like that one shown in figure 1.
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Figure 1. Mexico Wind Resource Assessment PropdiREL, modified [3].

In the northern zone of the Pacific Coast, whenme Qaintin is located, according to the map the
wind resources for rural applications are “good”.
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San Quintin is a city with a population of 5,02bple [4], and concentrated on its outskirts there

are several rural localities that do not have dl@tt, Figure 2. This work shows the wind

resource assessment in this city, the data wasaotetl from the San Quintin weather station
database for the years 2004 to 2007. Data wasnelotdrom theComision Nacional del Agua

(National Water Commission).

[l Location with 100% homes without EP
* B Location 80-99% homes without EP
Location 50-79% homes without EP

I Other Locations
Il San Quintin weather station

EP: Electric Power

Figure 2. San Quintin geographic location and radlities on its outskirts.

2. WIND RESOURCES ASSESSMENT
The City of San Quintin is very close to the searafore the development of sea breezes could

be seen in the wind roses, due to the shift indirection mainly in the winter time. At the Baja
California Pacific Coast, the rise in the sea sigfeemperature during summer originates a thick
fog which does not allow the development of seetreand its typical persistence. During winter,

there is a sea and land breeze circulation anorsigloell- developed in the coast [5].
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Table 1. Characteristics of the Assessment Site

Latitude 30°31'54.00"N
Length 115°56'13.00"W
Height above sea level 32 msnm
Height Anemometer 10m
Distance to sea 9 km
Evaluation period 4 years

The wind is defined by two essential parametessdiitection and speed. The assessment of these
two parameters over a period of time lead to tlabahtion of the so-calledind rose The
software used to develop the wind roses was WRPINgkt, the wind rose for the 2004 to 2007

period is shown for San Quintin, and the monthlgduvioses for that period on Appendix A.
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Figure 3. a) San Quintin Wind Rose and b) Wind msa Digital Elevation Model.
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The predominant wind direction is northwestern we?6 and northeast with 15%, the latter
percentage belongs to the wind direction shiftf tiurs during winter due to the sea breezes
development. Figure 4 shows the daytime distrdsutof the wind direction and the speed

increase observed during the assessment peridcligarly shown in a) that during winter there
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is a sea breeze very developed note the shiftanmind direction. It is clearly shown in b) the
wind speed increases during the morning from 60 wind begins to blow, peaking at 14:00

hours all year long and the wind speed begins toedse approximately from 18:00 hours.
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Note that during the night when the land breezeis;avind direction oscillates between 50 and

100 degrees depending on the month, and durinddfi¢he wind direction changes completely
between 250 and 340 degrees, that is, when theeaibreeze the wind blows from the northwest.
As previously observed in the wind roses, 66% efilind blows in the northwestern direction,

that is when the best wind speeds occur, anddhdhiring the day.

3. WIND STATISTICS

Usually for the statistical representation of wtheé Weibull probability distribution is used, with
two parameters: the scale parametand the shape parameter k. Were calculated pteesrie
and c, and the Minitab software was used to citaat&Veibull distribution.

Weibull distribution were estimated for each yaamas observed that there were two neutral
years 2005 and 2006, for that assessment periediodihe fact that the wind had a very similar
mean speed. It was observed that in 2004 thereavtgerease in the winds due to the fact that
that year the El Nifilo—Southern Oscillation phenoomeaccurred significantly, which originates
a weakening of the coast winds, occurring everg Z years. El Nifilo has a maximum seasonal
change zone in the North Pacific on the surfaceé ¢hxtends from the southern end of Baja
California and connects with the groundwaters gaRzalifornia [7].

Therefore by having knowledge of this phenomenoncae deduce what years will not have
much wind energy production in the zone near trestcd-igure 4 shows the Weibull probability

distribution for the assessment period in San Quint

Cuernavaca, Mewio the Exdbess Spring
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Figure 5. Weibull Distribution in San Quintin.

4. WIND USABLE ENERGY

A calculation was made to estimate the maximumaetdble energy from the wind that equals
the amount of mechanical energy that can be ertlaégtccording to the Betz limit the amount of
energy available from the wind that can be usal®e3(% turbine and propeller efficiency upper
limit, the efficiency of the actual wind turbines about half of that value). And the amount of
energy that can be generated through a wind tuslitiean efficiency of 30% [6].

« Wind extractable power W= ¥%p V* A 1)
o Avallable pOWGI’ Wpr()v: Wmax' 0.593 (2)
» Real power for a wind turbine M{i= Whax* Nwindturb (3)
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Table 2. Aerogenerator Technical Characteristics

Aerogenerator Bournay
No. of blades 2
Diameter 2m
Nominal power 600 Watts
For turn on 3.5

Performance

0 12 14 16 1¢

eed m/s

Figure 6. Wind power curve.

5. RESULTS AND DISCUSSION

A room temperature of 25 °C for all the year wasdut® calculate the power and the daily hourly
average for each year. The power decrease foraae3004 for the El Nifio Period was clearly
observed in the calculations, which observed 36 b&dw the other years. It can be observed
that even if the mean speed for 2007 is low, tieereo much difference in the calculation of the
actual power for the rest of the years as oppose&aD04. In Figure 6 the hourly distribution of
the maximum extractable energy from the wind iswghbaving a peak hour at 14:00 hours, the
power that can be usable and the power that waeiforbduced by a turbine during the four years
of the assessment.
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Figure &. Maximum, Real and Usable Power for San Quintin.

A monthly wind speed distribution chart was madeotmserve the wind power generat
behavior for each month, where it can be clearbuaiized a major production of wind pov
from March to June, durintpe rest of the summer there is a strong decréaeeincreases aga
in September and October.
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A simulation was run using HOMER Software, with thimd speed monthly averages only. ~
electric power estimation was obtained with the riypo@average values, which is a ma

resolution to calculate the powThe following chart for the assessmenriod was obtained.

KWh/year ANNUAL POWER SAN QUINTIN 2004 - 2007
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Figure 9 Comparisons between the Power Calculation Madets Power Simulatio

As shown in Figure Sthe behavior pattern is similar since both us@tdvepeed averages; t
only difference is that the power calculation waade using daily hourly averages and the ot
used monthly averages that is why the first onerhaie data resolution. It is worth mention
that there were some gaps in the anemometric theeefore a data interpolation in those g
was made.

The prodution of estimated wind energy is shown in the failog chart and it can be observ
how in 2004 there is not much production, year it affected by the el El Nifio phenomer
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Real power for a wind turbine in San Quintin
KWh/year
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Figure 1( kWh production of a Small Power Aerogenerator.

If we used aresidence of a rural locality as a reference tequires energy for the followir
basic services:

1.- 5 light bulbs 5.- 1 blender

2.- 1 Refrigerator 6.-electric shower (only during winte

3.- One evaporative cooler (only during sumr 7.- 1 T.V.

4.- 1 fan (only during summe 8.- Sewing machine

The average year energy consumption of this resal@866 kWh and taking into account
average wind energy generation during the assesgeéend in San Quintin, approximately 30
of the renovable energy will be covered if an aerogeneratath whe above describe

characteristics is used.
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6. CONCLUSIONS

San Quintin has a good wind energy resource faal rapplications, since, according to the

estimations for a residence with basic servicesarit cover 30% of the energy requirements with
wind energy. If it were used only for lightning aad entertainment unit it could support a one
year’s supply.

The implementation of small power aerogeneratorsstrhe develop for those zones where there
are wind resources and there are residences thattdwave electric power. This way the cost of
electric transmission networks and substations evdaé reduced, in addition to avoid €0

atmospheric emissions and would help people haaetrel power in their homes.
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9. APPENDIX A
The monthly wind rose for the 2004 to 2007 per®dhown for San Quintin.
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