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The state of Baja California is located in the northwestern part of the Republic of Mexico. It shares an approximately 500 km border with the state of California. Its surface area is 70,113 km² which represents 3.75 percent of Mexico’s total surface area Baja California is characterized by mountains, steep slopes, central valleys, and coasts, as well as a discontinuous littoral on the Pacific Ocean. 
The northern portion of Baja California has a variable topography, with hills, mountain ranges, valleys and large deserts. The elevations range from sea level to high peaks (2,880 and 3,100 m  for the Juarez and San Pedro Martir mountain ranges, respectively).
Mountain ranges run along the length of the peninsula, with abrupt slopes that frequently descend directly into the Gulf of California, while maintaining smooth slope on the opposite slope. In the northern part of the peninsula, the Juarez and San Pedro Martir ranges dominate the landscape , while in the southern part of the state, the Laguna range predominates. Additionally, the peninsular’s geographic system meets the mountains of the Alta California, particularly at the Nevada mountain range (Rzedowski, 1978).

The Sonoran desert, north of the Gulf of California, makes up three quarters of state land and includes portions of Sonora, southeastern California, and southeastern Arizona (Turner and Brown, 1982).

The climate in Baja California is characterized by warm and dry temperatures during the spring, summer, and early fall seasons, while winter is characterized by relative humidity and mild-cold temperatures (Alvarez, 1983).

Geothermal Exploitations 
The Federal Electricity Commission (CFE) is a federal government entity created to generate and distribute electric energy in Mexico (Constitucion Politica de los Estados Unidos Mexicanos, 1988). In 1982, CFE created the Geothermal Electrical Projects division, whose specific function is to coordinate all geothermal-related activities in Mexico. CFE was thus responsible for Mexico becoming the third largest geothermal producer worldwide (959.5 MWe), behind the U.S. (2,228 MWe), and the Philippines (1,909 MWe). The following is a brief summary of geothermal activity in the Valley of Mexicali, currently under development by the Mexican government for the production of electricity.

Cerro Prieto (Baja California) is the most important site being developed by the Mexican government. It is located in the Mexicali Valley (115.16 longitude west, 32.25 latitude north), between the Pacific and American tectonic plates and near the San Andreas fault. The plain is a delta, while the geological area is composed of unconsolidated clays, sand, and gravel that rest on sedimentary rocks of sandstone, lutites, and limonites.
Some of the wells in the field were drilled at the end of the 1960s. However, it wasn’t until April 1973 that the two 37.5 MWe units began operating. Currently, there are 720 MWe capacity units distributed over four plants: Cerro Prieto I-IV (180, 220, 220, and 100 MWe respectively). The first section has four generators, each of 37.5 MWe capacity, which operate on a single-flash system  and one 30 MWe unit, which operates on medium and low pressure steam (dual-flash) obtained from residual water from the single-flash. Cerro Prieto II and III have four turbo-generators, each of 110 MWe capacity, which operate on medium and high pressure steam (dual-flash). Cerro Prieto IV is a 100 MWe plant with four turbo-generators, each of 25 MWe capacity, that operate on high pressure steam (1-flash). From a total of 268 wells drilled at Cerro Prieto, 126 are under production as of 1999  Their depths vary from 600m (shallow wells) to 3,500 m (deepest wells). Out of these, 31 were operated by Latina S.A., a private company, which provided 30 percent of the steam utilized. This company financed the drilling of 12 out of the 42 wells drilled during the period between 1995 and 1999. According to Alonso (1988), the Cerro Prieto geothermal reservoir has an estimated capacity of 1,200 MWe and a proven capacity of 840 MWe.

Comparison of Geothermal with other Sources of Energy 
To date, geothermal energy along with other alternative sources such as solar, wind, marine, and biomass among others, has contributed marginally to the energy balance in Mexico. This can be observed in table 1, which shows the national energy balance for 2001 (Secretariat of Energy, 2004). At the state level, the production of electricity from geothermal resources represents 65 percent of the total energy produced in Baja California (CFE, 1999), equivalent to 9.6 million barrels of oil in a conventional power plant. This figure increased to 76 percent with the expansion of the Cerro Prieto  power plant in 2000, made possible through a private construction, lease and transfer contract.
	Energy Source
	Production

(petajoules)
	% total

	Coal

Hydrocarbons

Crude oil

Condensate

Non associated gas

Associated gas

Electricity

Nucleoenergy

Hydroenergy

Geoenergy

Eolic energy

Biomass 

Sugar cane bagasse 

Fire-wood 
	239.1

      8,700.9

      6,811.7

         137.7

         430.2

       1,321.3

         445.7

          96.7

        291.8

         57.1

           0.1

        348.8

           93.0

         255.8
	    2.4

   89.4

   70.0

    1.4

    4.4

  13.6

    4.6

    1.0

    3.0

    0.6    

    n.s.*  

    3.6

    1.0

    2.6

	Total 
	      9,734.5
	100.00


                                          *No significant

                                           Source:-Sener, 2004.

TABLE I. Energy Balance in Mexico (2001)

The Secretariat of Energy (SENER, 1999) encouraged the National Energy Savings Commission (CONAE) to promote the development of renewable energies in Mexico in order to reduce its dependency on hydrocarbons. In 1966, CONAE along with the National Association for Solar Energy (ANES) organized a forum to discuss the potential steps to promote renewable energy sources. The result was the creation of the Advisory Council for the Promotion of Renewable Energies (COFER). This group is made up of representatives from industry, commerce, academia, government, and development banks. The aim of COFER is to promote the use of renewable sources of energy in Mexico, within a market framework. It also serves as an advisory group to identify projects, and for the design and development of programs and policy related to renewables, including small hydro, solar, biomass, and geothermal. SENER (1998) estimates that by 2008, close to 559 MWe will be installed in such systems, producing approximately 1,836 GWh.

Wind Energy 
The search for resources to diminish the high cost of electricity, as well as to promote a road towards sustainable development, protection of the environment, and use of natural resources, has led the Secretariat of Infrastructure and Urban Development of the State of Baja California to analyze the feasibility of promoting the production of electricity using wind energy.

This effort has been carried out based on the 2003 study by the Center for Higher Education and Research of Ensenada (CICESE) titled, “Wind Energy in Potentially Productive Areas in Baja California.” This study was based on available data for the Rumorosa mountain range in relation to meteorology, climatology, geography, and topography. The information was provided by the National Water Commission (CNA), the National Institute for Statistics, Geography, and Informatics (INEGI), CICESE, and the State of Baja California.

The objective of the study was to determine the following: wind patterns for a one year period; possible locations for the establishment of wind mill farms; recommendations for the construction of sustainable and profitable wind mill farms.

The evaluation criteria to determine the potential production areas included the following: 

a) Average annual wind magnitude (minimum of 5.5 to 6 m/s) 

b) Proximity of energy transmission lines 

c) Proximity of centers of energy consumption

Daily wind registries (velocity and direction) were obtained from seven meteorological stations within the study area. Monthly and annual averages were projected after processing the data. The result was that high intensity winds are produced during the day, coinciding with the time of greater demand of electricity in urban areas. Table 2 shows a list of the potential areas where this resource can be developed.

	Station
	Average

(knots)
	Average

M/s
	 Stand. Devia.
	Energy

(watts/m2)

	Pino Suárez
	20.2
	10.9
	4.5
	1299.6

	Jacumé
	15.5
	8.3
	3.7
	581.6

	La Rumorosa
	14.9
	8.0
	4.0
	516.4

	El Hongo
	12.0
	6.5
	2.6
	274.0

	El Pinal
	11.7
	6.3
	2.9
	254.7

	La Puerta
	11.5
	6.2
	2.5
	238.2

	El Centinela
	17.2
	9.3
	4.9
	793.7


Table 2. List of places where wind energy can be potentially developed close to the border region.

The study area is shown in Figure 1, below:
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Figure 1. Potential areas where wind energy may be developed close to the border    

               region.

To determine the location of a wind farm, it is important to consider that the wind has seasonal and daily variations, which are modified, among other things, by the type of terrain and by elevation. For this reason, it is important to install one or several automatic meteorological stations that will collect additional data such as humidity, solar radiation, and other climatic elements that could be relevant to each site.

It was concluded that:

· Baja California has the potential to produce electric energy using wind power.
· Jacume and Pino Suarez are the areas with the highest potential for energy production.

· Specific studies for these areas must be carried out.

· The Baja California state government is particularly interested in participating in projects such as those that generate energy from wind mill farms.
Several projects are being proposed within this area of interest:

a) Short-term: A pilot project in the area described, with major potential that possesses the following characteristics:

· Four 1,500 Kw wind turbines
· Annual production of 15,768,000 Kwh/y
· Plant factor of 0.3

· Two hectares of land
· An approximate investment of  U.S.$6 million

b) Medium-term: Development of a wind  farm of 50 Mw capacity to supply several state government agencies with the following characteristics:

· 34 1,500 Kw generators

· Annual production of 134,000,000 Kwh/y
· Plant factor of 0.3

· 200 hectares of land

· An approximate investment of U.S. $ 50 million

The State government is currently promoting these wind projects through two of its offices: the Secretariat of Economic Development (SDE) and the Secretariat of Infrastructure and Urban Development (SIDUE). Applications for financial support have been sent to the Bank of North America (BNA) and the Interamerican Development Bank (IDB). Proposals to develop these projects have been submitted by Lahmeyer International (Germany), International Eolic Generation (Spain), and Zemer Energia S.A. de C.V. (Mexico).

Other Wind Projects in Baja California   
A) Baja California 2000: This project was proposed by Fuerza Eolica S.A. de C.V. in partnership with Enron Wind Corporation (U.S.), with an estimated cost of U.S. $170 million (Fuerza Eolica, 1999). The project aimed at producing and supplying non-polluting, reliable electric energy, with a peak production capacity of 120 Mw, in the town know as La Rumorosa. This project would allow the five state municipalities of Baja California (Tijuana, Mexicali, Ensenada, Tecate, and Rosarito) a savings equivalent to 15 percent of the electricity costs for public lighting in its first twenty years of operation. The project planned to have an initial capacity of 60 Mw, made up of two 30 Mw capacity modules and two additional modules of the same capacity for a combined capacity of 120 Mw. The wind generators  would produce in excess of 300 million Kw hr per year.. This project would eliminate the production of 132,000 ton/yr of CO2, equivalent to the amount of CO2 absorbed by six million trees. Additionally, more than 420 ton/yr of CO2 would not be emitted into the atmosphere and 65,000 barrels of oil would be saved.

B) In 2003, Spanish investors visited Baja California to analyze the feasibility of constructing a 250 Mw wind mill farm at the Cañon de San Martin in the Valle de la Trinidad (Rivero, 2002). This project would potentially generate 4,000 Mw with an investment of U.S. $250 million. The benefit would be a 50 percent reduction to current electricity rates. Installation of six monitoring towers was proposed to measure meteorological and wind variables. To date, no work has been completed.

Tide Energy
The project entitled Proyecto Maremortiz Montague is based on energy produced by the tides in the Gulf of California. This could generate large amounts of energy that may help in the development of northwestern Mexico, while mitigating  the massive erosion that is produced at the Colorado River delta. This was intended to be a binational project, promoted by its designer Manuel Frias (Shield, 1998), who was then lobbying for financial support. The project would help to reduce the erosion caused by the tidal cycle of the sea in that area. It consists of the construction of a wave-breaker, 48 km long that would also serve as a road dyke, 12.5 km southeast of Mexicali. This infrastructure would help store great volumes of sea water in the resulting reservoir. It would also be used as a road to join the two existing border roads that limit the reservoir tideland: the Mexicali-San Felipe road and the Mexicali-Gulf of Santa Clara road. Additionally, it would shorten the distance to Ensenada and the south of the Baja California peninsula. The project would generate 800 Mw, equivalent to 3 billion 520 Kw-hr/yr. This would save 5.9 million of barrels per year. The investment required for this type of project is close to U.S. $2 billion, which could be recovered through the sale of energy in six to seven years.

Solar Energy
The National Meteorological Service of Mexico (SMN) collects solar data using a net of monitoring stations where solar radiation is registered in terms of irradiance. This information is available in an average of ten minute intervals during the day. Since 2000, six stations in Baja California are operational:

1. Emilio Lopez Zamora dam (Ensenada)

2. Abelardo L. Rodríguez dam (Tijuana)

3. Mexicali

4. San Quintín

5. Bahia de los Angeles

6. Gustavo Diaz Ordaz

The data in Fig. 1(SMN, 2003) was collected from all stations except for the Gustavo Diaz Ordaz station. The Bahia de los Angeles site shows the highest solar radiation in the region, followed by Mexicali. Data analysis from 2000 through 2002 also demonstrates that the tendency is similar for each of these years.
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Fig. 2 . Solar radiation from several monitoring stations located in

Baja California for 2003.

Hydroelectric

Microhydroelectrics in the Valley of Mexicali

Ten years ago, national studies were carried out (Martinez, 1985) to explore the possibility of installing micro-hydroelectric plants in Mexico. In this analysis, the Valley of Mexicali was assigned a 10Mw potential for energy use, utilizing the irrigation canal system in Mexicali.

A later study (Quintero, 1995) was conducted to evaluate the tentative supply of electric energy to the Autonomous University of Baja California’s (UABC) academic and administrative buildings located in the city of Mexicali, by micro-hydroelectric units installed in selected locations on the Valley’s water canals. The study showed that once established the system could provide the 5Mw demand required by UABC.

Tecate’s 1994 Hydroelectric Project   

This project proposed the construction of a hydroelectric power station with an installed capacity of up to 60 Mw, produced by two hydraulic turbines and generators. A switchyard and transmission lines were to be built to carry the power to CFE’s 69 KV transmission line near Tecate.
The plant would utilize water delivered from the Rio Colorado-Tijuana aqueduct, which currently supplies water to the Carrizo dam for treatment at the El Florido water treatment plant. The aqueduct supplies about 90 percent of Tijuana’s water. This water would be transported to a tank at an elevation 580 m above El Carrizo dam. The aqueduct currently delivers an average of 2m³/sec based on the current water consumption level for Tijuana. Based on future water consumption projections, a maximum flow of 3.65m³/sec could be expected from the aqueduct. Developed of this project was not pursued (reasons unknown).
Legal Framework for Renewables

Each renewable energy source requires an adequate legal and regulatory environment that favors its development. Mexico’s existing legal framework allows power generation projects using renewables under self-supply, small production, independent construction, and export schemes. The Public Service for Electric Energy law does not constrain power generation to a specific technology. Even though environmental costs are not expressly considered when pricing the Mexican electric market, there are a few provisions, under the law that, promote the use of renewable energy.

Renewable Emission Reduction Projects

Renewables reduce pollutant air emissions. Because of this, renewables have played an important part in the negotiation of international agreements, many of which have included the active participation of the Mexican government.

As a result of the general concern for environmental damage produced by the emission of pollutant gases, the international community decided to execute the Kyoto Protocol to the United Nations Framework Convention on Climate Change (Kyoto Protocol). The Kyoto Protocol includes several mechanisms to enhance the exchange of emission-reduction units (ERUs). The Clean Development Mechanism, as described in article 12 of the Kyoto Protocol, allows the possibility for developed countries (mostly the European Union, Canada, and Australia) to certify the reduction of Greenhouse emissions in Exhibit II counties (such as Mexico), as a result of the implementation, development, and operation of renewable energies. The Mexican government ratified the Kyoto Protocol in the Daily Federal Gazette (DOF) on November 24, 2000. Once the Kyoto Protocol was certified by the number of parties involved, its enforcement in Mexico will be immediate. On January 24, 2004, an accord creating the Mexican Interministerial Committee for Emission-Reduction Projects and Greenhouse Capture was published in DOF. This committee was established to comply with the commitments of the Kyoto Protocol. 
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Tabla SR

		

								Año 2003

								Mexicali		Tijuana		San Quintin		Ensenada		Bahia de los Angeles

				Meses		January		140.054		149.774		157.888		154.263		178.671

						February		153.850		151.350		151.233		150.979		180.718

						March		239.415		225.462		247.181		235.935		250.221

						April		302.172		273.262		308.387		287.483		316.163

						May		307.231		273.703		272.501		265.878		333.747

						June		333.034		275.689		217.467		237.071		353.543

						July		288.160		277.752		266.321		264.096		294.572

						August		259.385		276.726		257.622		274.356		273.815

						September		253.310		242.856		227.148		244.947		261.668

						Octuber		196.886		175.300		165.670		205.361		221.715

						November		139.346		138.372		149.293		164.597		168.045

						December		128.168		122.811		140.036		127.347		156.487





Chart1

		January		January		January		January		January

		February		February		February		February		February

		March		March		March		March		March

		April		April		April		April		April

		May		May		May		May		May

		June		June		June		June		June

		July		July		July		July		July

		August		August		August		August		August

		September		September		September		September		September

		Octuber		Octuber		Octuber		Octuber		Octuber

		November		November		November		November		November

		December		December		December		December		December



Mexicali

Tijuana

San Quintin

Ensenada

Bahia de los Angeles

MONTHS

SOLAR RADIATION  W/M2

SOLAR RADIATION IN 2003

140.0540418825

149.7737127371

157.8875171468

154.2633242999

178.6707622298

153.8495266567

151.3496240602

151.2327586207

150.9793120638

180.7175648703

239.4154156397

225.46172951

247.1811873554

235.9345731571

250.221096269

302.171916326

273.2620574958

308.3872371284

287.4827014218

316.1633183645

307.231292517

273.7031746032

272.5013605442

265.8783721994

333.747188484

333.0336473755

275.689

217.4666350036

237.0705128205

353.543047937

288.1595414378

277.7515681004

266.3206865402

264.0961842402

294.5720710591

259.3851885301

276.7260770975

257.6222623617

274.3555098308

273.815266486

253.3102689487

242.8561946903

227.1477903888

244.9470745327

261.668128655

196.8857892227

175.3

165.6696321231

205.361371551

221.7154432793

139.3462259728

138.3721524872

149.293414577

164.5972187105

168.0454865182

128.1684587814

122.8111111111

140.0362041826

127.3469945355

156.4867398262



Sheet2

		





Sheet3

		






