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1. INTRODUCTION

The California-Baja California Binational Region consists of a 60 mile wide zone north and south of the U.S.-Mexican international boundary. It encompasses all of San Diego and Imperial Counties on the U.S. side of the border and the municipios of Tijuana, Rosarito, Ensenada, Tecate and Mexcicali on the Mexican side. The current population of the Binational Region is 5.5 million. By the year 2020, the binational population is expected to almost double to 9.2 million. (Peach and Williams)

As in all societies, energy is an indispensable lifeblood of the binational region. It makes homes and businesses comfortable, moves people and goods, operates the machinery of industry and powers the infrastructure that underpins the region’s communities. This pervasive role makes energy a key issue in the binational region’s future. Energy choices made today will have significant effects on tomorrow’s economy, environment and quality of life. Without secure, reliable and reasonably priced sources of energy, the border region cannot develop to its full potential. 

Energy issues in California and Mexico are linked to the wider energy sectors of the United States, Mexico and Canada. All three countries, but especially the U.S. and Mexico, are undergoing major changes in their energy sectors which will affect the way energy is produced, transmitted, distributed and sold throughout North America. These changes will also directly influence energy use and energy-related infrastructure in the U.S.-Mexican and California-Baja California binational region. 

Some of the important energy issues confronting the binational region are: 

· Meeting the demand for electric services in northern Mexico, and the Southwestern United States, which is expected to grow significantly over the next ten years. 

· Meeting the rapidly increasing need for natural gas in the border region.

· Understanding the complex array of different regulatory structures in the United States, and those evolving in Mexico.

· Developing cross-border infrastructure associated with natural gas and power transfers. 

· Creating the necessary administrative and regulatory mechanisms to plan and coordinate issues related to the energy sector in the binational region.

· Developing environmentally sensitive and sustainable sources of energy for the region. 

2. OVERVIEW OF REGION


To understand the energy sector in the cross-border region, it is important to examine the context within which energy services are utilized. The most important elements are the region’s population and its expected growth, the region’s economic activities and the environmental impacts of energy production, transmission and end use. Although this paper is focused on the California-Baja California region, energy systems are integrated over much larger areas than just the border zone. In fact, today’s energy markets are truly global, and a comprehensive analysis must recognize the global context of energy. 

Although widely used, the term "border region" is not well defined. The La Paz Agreement between the United States and Mexico in 1983 defined the U.S.-Mexican border region as a zone stretching 100 kilometers on either side of the international boundary. However, for the purpose of analyzing energy flows and related environmental issues, such as air pollution, this definition is not particularly meaningful. Energy and transportation systems are not localized within a narrow region, and the cities in the border area all have important linkages to other regions throughout the United States, Mexico and Canada. 

Population growth is the main driving force behind the increasing demand for energy services in the binational region. The current population of the whole U.S.-Mexican cross-border region is 12.4 million and by the year 2020, it is expected to reach 24.1 million. In the California-Baja California portion of the border region, the current population is 5.5 million. By the year 2020, the population is expected to almost double, to 9.4 million. By that time, more people will be living on the Baja California side of the border than on the California side, for the first time ever. In the San Diego-Tijuana region alone the population is expected to reach 7.6 million in the next 18 years, and the number of people just added to the region by 2020 will be equal to the total population that existed in 1990. Tijuana alone is expected to add an additional 2.5 million residents in the next 18 years, twice as many people as live there now. 
In addition to population growth, the expanding economy - and the expected increase in the numbers of cars and trucks associated with increased U.S.-Mexican trade - are also important factors influencing the energy needs of the binational region. Maquiladora (twin production) plants are major users of electricity and water, and the transportation sector depends on liquid fuels mostly in the form of gasoline and diesel fuel. Since natural gas is likely to be the fuel of choice for new power generation in the region, significant shortfalls of this versatile fuel can be expected, unless measures are taken in the near future to meet projected demand.

3. THE UNITED STATES AND MEXICAN ENERGY SECTORS

As noted above, the production, transmission, distribution and use of energy in the U.S.-Mexican border region takes place within the framework of the larger energy markets of the Southwestern United States, Mexico and, to some extent, Canada. Power transmission grids and natural gas pipelines criss-cross the North American continent and link the energy systems of the three North American countries. High-power transmission lines routinely transmit electricity generated in Canada or Mexico for use in the United States, and vice-versa. Natural gas produced in Canada is transported to U.S. markets by trans-border pipelines, and trade in natural gas has begun to take place between the United States and Mexico, with at least two new pipelines into Baja California. To analyze the energy sector in the border region, it is therefore necessary to briefly discuss the larger North American energy context, focusing on the United States and Mexico. 

a. Energy Sources and Uses in the U.S. and Mexico

The structure of the energy sector and how energy is used in the United States and Mexico differ significantly. The United States utilizes a broader spectrum of energy resources than Mexico, drawing on coal, oil, natural gas, nuclear and hydropower, as well as a small amount of renewable resources. Mexico, by contrast, is heavily dependent on oil and natural gas, with the notable exception of geothermal resources in the state of Baja California.

The United States is the world’s largest oil consumer, consuming 19.64 million barrels a day (bbl/d) in 2001 or 7.2 billion barrels per year, 45% of which is imported (U.S. Energy Information Agency, Annual Energy Review; 2002). Mexico, by contrast, is self-sufficient in petroleum and an oil exporter, producing 3.3 million barrels per day, of which 1.3 million barrels per day were shipped to the U.S in 2000 (Secretaría de Energía website). Mexico has the second largest proven crude oil reserves in the Western Hemisphere after Venezuela, at 28.3 billion barrels. Mexico ranked as the world's fifth-largest oil producer and tenth-largest oil exporter in 2000. Mexican oil exports account for about a third of government revenues. (Energy Information Agency, Country Analyses, Mexico, February 2001)

Mexico is also a major producer of natural gas and has proven reserves of 30.4 trillion cubic feet (Tcf), with a 2001 production of 1.65 Tcf. (Secretaría de Energía website, 2002)    Mexico has not emphasized natural gas development and exploration until recently. Most of the gas now produced is "associated" gas that occurs as a co-product of oil production. Mexico is a small net importer of U.S. gas, a trend that is expected to continue in the coming decades. The tariff on Mexican imports of U.S. gas was eliminated in mid-1999, which will encourage continued and growing volumes of imports in the future. 

Natural gas is slated to play a much more important role in the future as demand rises quickly, driven by the development of natural gas fired power plants, especially in the northern Mexican states. In response to anticipated demand growth, Mexico plans to increase Mexican-U.S. border infrastructure and capacity, and to focus more on gas exploration activities. The Burgos field, located in northeastern Mexico, is expected to contain massive volumes of largely non-associated, recoverable natural gas resources. The Cantarell fields hold significant gas reserves in association with oil deposits, most of which is flared. Pemex predicts that gas production will increase more than 50% from current levels by 2008. Figures 1 and 2 give the projected natural gas demand for Mexico and the major cross border corridors. One can see that demand for natural gas in Mexico is expected to double in the next nine years, at the same time that demand for natural gas is increasing in all of  North America. (Figure 3). Mexico’s own demand for natural gas could put pressure on natural gas supplies to California and San Diego.

In the electric sector, Mexico has an installed capacity of 38,500 megawatts (MW) (Secretaría de Energía website, 2002). Thermo power (oil, coal and gas) accounts for 74% of generation, hydropower for 18%, 5% is nuclear and 3% are from renewables, mostly geothermal. Mexico's industrial energy policy calls for conversion of many oil-fired power plants to natural gas by 2005. Most new power plants will be run on natural gas and all proposed plants in the northern Mexican border region are slated to use natural gas.

Mexico's electricity sector is at a crossroads. Although generation has increased rapidly over the past decade, supply is not expected to meet demand growth over the next two decades, especially in northern Mexico. Baja California is projected to have the highest demand growth for all of Mexico, during the next 10 years: 7.2% annual growth compared to the national average of 5.6% (Commisión Federal de Electrcidad website, 2002). This represents a almost doubling of capacity in the next ten years to meet expected demand in Baja California. This growing demand for electricity in Baja California is one of the driving forces behind the construction of new power plants in the border region. Another factor is the demand for power across the border in California.

b. Structure of Energy Sectors in the U.S. and Mexico

The U.S. energy sector is for the most part owned and operated by private companies. Although in private hands, energy companies are regulated by state and federal agencies. The price of coal, oil and natural gas is largely determined by market factors, and relatively uniform prices exist across the United States. The price for electricity, however, has traditionally been established by state regulatory agencies and has not been determined directly by market forces, until recently. The retail price for electricity can vary by up to a factor of four across the country.  California experimented with restructuring its power market in 2000-2001, but the experiment failed and at the current time (November 2002), the state’s electric sector is composed of a mix of private generators, investor owned utilities operating transmission and distribution systems and municipal utilities. A new authority was created in 2002, the Consumer Power and Conservation Financing Authority, known as the California Power Authority (CPA). The CPA is charged with the responsibility to ensure sufficient supply of electricity, which it plans to accomplish by financing power plants needed to meet expected demand if private companies fail to make the needed investment and by financing conservation programs. It has authority to float bonds up to $5 billion.

Some of the agencies responsible for regulating energy industries in the United States are the Federal Energy Regulatory Commission (FERC), the U.S. Department of Energy (DOE), the Nuclear Regulatory Commission (NRC), and state public utilities  commissions. In California, the California Public Utilities Commission (CPUC) and the California Energy Commission (CEC), the Independent System Operator (ISO) are the principal agencies that oversee the energy sector. At the local level, city and county jurisdictions may have to grant approval for energy-related construction such as gas pipelines and power transmission lines. 

In contrast to the way energy is handled in the United States, the production, distribution, and management of energy supplies in Mexico are, by and large, under the control of the federal government. The federal government also sets energy prices. The Secretaría de Energía (SE) is the key government ministry responsible for formulating energy policies. SE has direct oversight over the Comisión Federal de Electricidad (CFE, the national electric utility), Petroleos Mexicanos (Pemex, the state-run oil and gas monopoly), the Comisión Nacional Para el Ahorro de Energía (CONAE, the national energy conservation commission) and several energy related research institutes. A relatively new agency, the Comisión Reguladora de Energía (CRE), was established in 1993. 

The power sector in Mexico is dominated by the state-controlled Comisión Federal de Electricidad (CFE). Like Pemex in the oil and gas industry, CFE has enjoyed a monopoly in the electric power sector for decades, although reforms instituted in 1992 allow independent power producers (IPPs) and cogenerators to sell power to CFE.

Deregulation of the electricity sector is a contentious issue in Mexico. President Fox has made privatization of the industry a top priority, as private investment will be needed to meet the country's rapidly increasing electricity demand. His reforms already have met strong resistance. Fox had planned to submit a reform bill for electricity privatization before the end of 2000, but that bill now has been delayed. His administration is calling for a change in the constitution to allow private generators to sell electricity in a wholesale market and to establish a separate electricity regulatory body. Currently, only the state power companies can distribute and sell electricity to the general public. Fox has, however, pledged not to privatize CFE during his presidency. 

There has been only a moderate increase in Mexico's electricity generating capacity over the past decade. As a result, there is now the possibility of a power shortfall, worsened by the addition of 800,000 new customers per year, that could result in blackouts as early as 2004. However, a large amount of new generating capacity is in the planning and construction stages. CFE wants to build 27 power plants by 2005 to increase generating capacity by nearly 11,000 MW, at a cost of about $6.6 billion. CFE officials are also calling for a total of $59 billion in investments in the electricity sector to bring nearly 36,000 MW online by 2009, with half of that amount to come from private sources through Build, Lease and Transfer and Independent Power Production (IPP) projects IPPs are allowed to build and own power generation facilities, and the power can be used at related industrial companies or sold under long term contracts to CFE. (http://www.fe.doe.gov/international/mexiover.html#Electricity)

Subsidies paid to agricultural and residential electricity consumers and the lack of an open power market are blamed for escalating industrial electricity costs, now above average international industrial electricity costs. Mexican industry warns that these costs will make Mexican industry internationally uncompetitive.  

c. NAFTA and Energy
The treatment of the energy sector in the North American Free Trade Agreement (NAFTA) is perhaps most significant for what it lacks. Pursuant to the restriction in the Mexican Constitution that reserves to the Mexican federal government all ownership of Mexico’s basic energy resources, NAFTA does not create significant new opportunities for private investment in oil, gas, refining, basic petrochemicals or direct delivery of electricity. These activities remain controlled by Pemex and CFE. Nevertheless, NAFTA does provide new opportunities for private energy companies, particularly those in the electric power industry. 

Under NAFTA, foreign companies are allowed to acquire, establish and operate electric generation facilities in Mexico. Electricity generated at these facilities, however, can be used only at the site or sold to CFE, not on the open market. Moreover, the opening of the Mexican government procurement market will create opportunities for foreign companies to compete with Mexican entities for supply and service contracts with Pemex and CFE.

NAFTA reserves to the Mexican State goods, activities, and investments in the oil, gas, refining, basic petrochemicals, nuclear and electricity sectors. Consistent with Mexico’s move to greater privatization of industries and resources, however, NAFTA opens many downstream activities in the energy sector to greater private investment, both foreign and domestic. NAFTA also expands on Mexico’s current Build-Lease-Transfer ("BLT") program, which permits foreign companies to build an energy facility while leasing the site during construction and then to transfer the plant back to the government shortly before commercial operation. With the full implementation of NAFTA, foreign companies will be able to own the plants and earn profits on sales of power back to the CFE for the life of the facility. In addition, NAFTA’s gas provisions potentially enable U.S. owners of gas-fired cogeneration facilities and other gas-fired facilities in Mexico to arrange for competitive gas supplies from U.S. gas companies. 

NAFTA aims for more open markets in the energy sector, but it remains unclear whether those markets will provide sufficient returns to support increased investment. Still to be worked out are:

· the rates that CFE will pay for electricity sold by the foreign-owned facilities. 

· the extent to which the Mexican government may regulate and modify the rates and terms of power sale agreements with the CFE. Deals will be very limited or impossible if these arrangements fail to ensure a guaranteed payment stream to cover the debt service. 

· the level of taxes that may be imposed on such operations in Mexico. 

· the role of Pemex in importing gas for gas-fired electric power facilities. 

Genuinely open oil and gas markets are not created under NAFTA, and the effect of the agreement’s electricity provisions will depend greatly on how they are implemented. This will depend, in turn, on the extent to which the Mexican administration succeeds in bringing reform and a market-oriented spirit to Pemex and the CFE. 

4. ENERGY SECTOR OF THE U.S.-MEXICO BORDER REGION


The four U.S. states and the six Mexican northern states confront some energy issues different from, but related to, the general energy situation in the whole of North America. Compared to other regions in the U.S. and Mexico, both the southwestern U.S. and northern Mexico are experiencing large population increases and high economic growth, which is expected to continue for at least the next decade. These factors result in a greater demand for energy services in the border region than is expected for other areas of North America. For example, demand for power in northern Mexico is expected to grow by 7% per year for the next ten years, compared to 5% for the rest of the country. To meet the expected demand in northern Mexico, new and upgraded interconnections of the transmission system with the U.S. will be needed. (CFE and http://www.fe.doe.gov/international/mexiover.html#Electricity)

In addition to increased need for power, there will be significant pressure on supplies of natural gas and associated infrastructure, such as high pressure gas pipelines, distribution systems and pumping stations. Now, more than ever, there is a very close relation between natural gas and power generation, since all of the new power plants in the border region are expected to be of the high efficiency, combined cycle design which requires the use of natural gas for the primary fuel. 

The energy sector of the border region is primarily dependant on fossil fuels, like the rest of North America. The three main fossil fuels, petroleum, natural gas and coal, account for the main sources of energy in the binational region, with an important role for geothermal energy in Mexicali region. Gasoline and diesel, derived from petroleum, are used as the main transportation fuels, liquid petroleum gas (LPG) is used extensively in place of natural gas on the Mexican side of the border for cooking, heating and industrial processes and, where available, natural gas is used for heating and industrial process heat. 

Besides the fossil fuels, renewable resources also play a role in the border region, especially geothermal energy and wind power, the latter which is growing rapidly in Texas.  As prices for fossil fuels and electricity continue to rise, it is expected that solar energy (both thermal and electric) will also play a larger role in the binational region than has been the case in the past.

a. Electric Energy in the Border Region

Figures 4 and 5 show the main electric transmission system of Mexico, and the cross border connections. There are 11 transmission lines that cross the border, two into California, two in Arizona and seven in Texas. Of these, only two are 230 kilovolts, the others being in the 115 kV range or lower. The two high voltage lines are located in the California-Baja California region, with a current transport capacity of 800 MW. One important issue facing the border region is to increase the capacity of the cross border transmission system by upgrading existing lines or developing new ones. Currently, there are plans to increase this capacity to accommodate new power plants currently under construction in the Mexicali region. Since this involves an international transfer of energy, the U.S. Federal Energy Regulatory Commission (FERC) and the U.S. Department of Energy (DOE) would have to be involved, in addition to state and local agencies.  In Mexico, CFE and SE would be the main entities involved, with possible input from the growing influence of state and municipal authorities.

b. Natural Gas

As previously pointed out, natural gas will become an important, if not dominant, element in the fuel mix for the border region in years to come. The main reason is that natural gas is relatively clean burning, compared to coal or oil, and that it is the best fuel for the new, efficient, gas turbine-steam generators (combined cycle) power plants to be constructed in the border region. Because of this, a secure and reasonably priced supply of natural gas will be one of the main challenges facing the region.  

The use of natural gas in the Mexican power sector is projected to grow at an unprecedented rate 8.7% per year between 2000 and 2008. This can be compared to an historical annual growth rate of only 3.6% for most of the 1990s, as seen in Figure 6. 

In 1998, natural gas accounted for only 18% of total power generation in Mexico, but is expected to account for 58% of a larger amount in 2008 (CRE, July 2000), as seen in Figure 7. Much of that projected consumption for natural gas will take place in northern Mexico, as seen in Figure 8.

c. Geothermal Energy

Geothermal sources of energy for power production are important in the binational region, but only in the California-Baja California area, where there are significant geothermal resources in the Imperial-Mexicali Valley. These will be discussed in the section on the California-Baja California border zone.

5. CALIFORNIA-BAJA CALIFORNIA BORDER REGION

We  now turn to an especially important section of the U.S.-Mexican border region, the California-Baja California portion. In this western part of the border zone, 42% of the total border population is located and the largest U.S. and Mexican cities are found, San Diego and Tijuana. The energy issues here differ somewhat from other border regions because of the complex energy situation in California and the fact that Baja California is somewhat physically isolated from the rest of Mexico. Although the power grid of Baja California is not connected to the main Mexican transmission system, two of the largest cross border connections are in this region. The Mexican natural gas pipeline system also does not reach Baja California and any gas supplies have to come across the border with California or Arizona.

As is the case in the whole border region, population growth is the principal driving factor for projected increases in energy services. . Figure 9 shows the historical and projected population growth for the period 1980 to 2020. By 2020over 9 million people are expected to reside in the region, an 80% increase from 2000.  Just the San Diego-Tijuana metropolitan region is expected to have 5.8 million people by the year 2020. 

In addition to population growth, there are a large number of maquiladora plants in the border region, which are significant users of electricity and will use more natural gas as it becomes available.  As of August 2002, there were 946 maquiladora plants in the border region employing 209,488 workers. (http://www.inegi.gob.mx)

a. Electric Power in Baja California

Demand for power in Baja California is expected to grow by 7.2% per year over the next decade, resulting in a doubling of demand by 2010. This is just to meet the needs of the Mexican population, leaving potentially little over for export to California. San Diego’s power needs are also expected to grow, by 2.8% per year to the year 2030. Although a lower growth rate, it is still considerable, and begins from a higher base. Electric energy consumption for San Diego is projected to increase by 33% by 2010 and to double by the year 2030 (San Diego Regional Energy Infrastructure Study, October 2002).  

Baja California’s current generating capacity is 2,160 megawatts (MW). The state relies

principally on two large power plant facilities. A complex of units at Rosarito, located 15 miles south of the border, is fueled by a combination of diesel, fuel oil and natural gas for an installed capacity of 1,330 MW. There is an aggressive program to switch to natural gas only, but that will depend on available supplies from the U.S. The other complex is located at the geothermal fields, south of Mexicali at Cierro Prieto. It consists of four geothermal steam generators with a total output of 720 MW. In addition there are 55 MW diesel generators in Ensenada and Tijuana and some smaller units in Tecate and San Felipe. The power grid is connected to California via two 240 kV lines, one near Tijuana and the other Mexicali. Installed capacity for Baja California is shown in Table 1.

The only indigenous energy source utilized on a large scale in Baja California is geothermally generated electricity, located south of Mexicali at Cerro Prieto. Until a few years ago, power from Cerro Prieto was exported to Southern California under a contract with Southern California Edison (SCE) and SDG&E. These exports peaked in 1987 and 1992, and accounted for 12 percent and 10 percent, respectively, of San Diego’s electricity supply in those years. Electric imports from Mexico to San Diego ended in 1996, as supply in Baja California has barely kept up with growing internal demand

Between 1996 and 1998, electric consumption increased 22%  for the state of Baja California and 25.8% for Tijuana. These are very large increases and have put a significant strain on the CFE’s generating capacities in Baja California. By comparison, electric use in San Diego County increased by only 7.4 percent in the same two-year period. In Tijuana, the industrial and residential sectors are the major users of electricity. This is different from electric use patterns in San Diego, where the commercial and residential sectors consume more electricity than the industrial sector. The difference in electric energy use between Tijuana and San Diego reflects the fact that manufacturing and assembly activities form a larger part of the economy in Tijuana than they do in San Diego. 

In Mexicali, residential electric consumption is more than twice that of Tijuana, even though Mexicali’s population is less than Tijuana’s. This is partly due to Mexicali’s extremely high temperatures, averaging well above 90ºF for July and August. Mexicali  also has very energy inefficient housing infrastructure, mainly due to the poor shell characteristics of the housing stock and the low efficiency of the electric devices used for air-conditioning. In fact, Mexicali has the highest per-capita residential energy use in Mexico. The inefficient air- conditioning sector in Mexicali is an obvious area where improvements could be made. Reduced air-conditioning loads would result in a reduction in demand for electricity in Baja California. Several programs are under way to increase the energy efficiency of the housing stock and reduce air conditioning loads in Mexicali. 

Although per-capita electric use in Baja California is greater than the Mexican average, it is still much less than San Diego’s. For Baja California as a whole, per-capita electric use for 1996 was only 2,147 kWh, only one-third that of San Diego (6,333 kWh). For Tijuana, per-capita electric use was only 1,608 kWh, only one fourth of San Diego’s. Mexicali, with 3,268 kWh per capita, is the highest per-capita consumer in Baja California. 
b. Future Power Needs of Baja California

The process of estimating future energy needs and planning to meet those needs in Mexico is quite different from the process in California. There are no counterpart agencies in Mexico or Baja California to the Public Utilities Commission, the California Energy Commission or the San Diego Association of Governments. Future electricity demand has traditionally been estimated by the CFE based more or less on historical growth patterns, rather on than a detailed analysis of the different electricity-consuming sectors.

Estimates of future annual growth rates for power have been in the range of 6% to 7%, with the latest figure of  7.2% from CFE, for Baja California for the next decade. This continues a trend began in 1988, when annual growth rates in peak power demand and energy consumption grew by 11.2% and 12.3%, respectively, between 1998 and 2001. To meet projected demand, Baja California will need to almost double its current installed capacity in the next 10 years. If all plants are completed, installed capacity will just meet projected demand for Baja California. However, it is doubtful that all of the proposed plants will in fact be built in time, primarily due to lack of capital and secure supplies of natural gas. 

Instead of increasing generating capacity within Baja California, expected demand might be met by purchasing more electricity from the North American power system and integrating Baja California more fully into the electric transmission system of the United States. As noted earlier, the Baja California power grid is isolated from the Mexican national system but is connected to the California system at two points. This permits a limited amount of power transfers, about 800 MW, between the western North American system and Baja California. Whatever the ultimate fate of restructuring efforts in California and the West, there is little doubt that a regional market for power will develop in the western U.S., and there is no reason why Baja California and northern Mexico will not be part of that power pool. This being the case, electric customers and energy brokers will be searching all over North America for the cheapest power available. It may prove cost-effective for the CFE in Baja California to both buy and sell power within this very large electric market. Large consumers of power in Baja California, such as industrial parks, may find it cheaper to purchase power from the United States rather than from the CFE. Similarly, customers in San Diego may find it less costly to obtain power from the CFE in Baja California or from independent power producers in Mexico, instead of from local generators in the United States. In fact, a 600 MW merchant plant to be completed in 2003 by Sempra Energy is just such an example of a private developer building a power plant in Mexico with the intent of supplying only the US market. 

c. Baja California’s Natural Gas Market

As mentioned earlier, Baja California has no direct access to the abundant natural gas resources of Mexico because of its location relative to the sources of Mexican natural gas. There is, however, a growing recognition that natural gas would be an ideal fuel to meet the region’s growing demand for industrial heat and electric generation and that the United States, and perhaps Canada, can serve as a source of natural gas for Baja California if appropriate cross-border pipelines could be constructed. 

Baja California’s dependence on U.S. natural gas supplies can have drawbacks, however. In 2001, the Mexican government guaranteed a price of $4 per therm to Mexican users, except for those in Baja California. The reason was that Baja California’s gas comes from the U.S. and not from Pemex. Marcos Ramirez Silva, Pemex’s director of gas and petrochemicals is quoted as saying, “We don’t have any infrastructure there….Nothing. Well, it’s (Baja California) more like the United States. They should be burning fuel oil” (Diane Lindqvist, “Baja seeking Mexico price for natural gas”, San Diego Union Tribune, March 3, 2001, p. C 3). Of course, if the price of U.S. natural gas falls below Mexico’s price, Baja California could benefit. 

The use of natural gas for power generation in Baja California is of particular importance to the San Diego-Tijuana region, as well as the Mexicali area. The largest thermal power plant complex (Presidente Juarez in Rosarito) in the Baja California is just 24 kilometers south of the border and currently burns a mixture of heavy fuel oil and natural gas. From an air quality perspective, it is in the best interest for residents of both Tijuana, Rosarito and San Diego to fully convert this complex an all natural gas facility. 

In just the last few years, significant natural gas pipeline infrastructure has been developed in Baja California. Sempra Energy has completed 23-mile pipeline from San Diego to the Rosarito power plant complex and supplies the plant between 30 to 60 million cubic feet per day (MMcfd) of natural gas. A much more ambitious project, the North Baja Pipeline Project is under development by Sempra Energy, PG&E National Energy Group and Mexico’s Próxima Gas, S.A. de C.V. This is a 215 mile, $230 million project that will supply gas to Mexicali, Tijuana and Rosarito. The pipeline originates in Ehrenburg, Arizona, near Blythe, California and crosses the border east of Mexicali. It then goes west and connects to the existing SDG&E pipeline near Otay Mesa. The proposed capacity is 500 MMcfd and it will be able to supply gas to the Rosarito power plant complex as well as to San Diego and new power plants under construction near Mexicali. 

There has been much speculation regarding the construction of large liquefied natural gas receiving terminals in Baja California. At least five proposals have been publicly announced as of September 2002. They are Sempra – CMS, El Paso-Phillips,  Marathon Oil, Chevron and Shell Gas and Power. These range in capacity from 500 MMcfd (Chevron) to 1,300 MMcfd (El Paso-Phillips). Of course, it is highly unlikely that more than one or possibly two of these very large facilities will be ever be built, given the high capital costs and growing local opposition to such facilities on the coast of Baja California. Moreover, gas derived from the regasification of LNG may or may not be used to supply either Baja California or San Diego, but could be shipped to other parts of California. 

d. Renewable Sources of Energy in Baja California

It was noted earlier that both San Diego and Baja California are heavily dependent on fossil fuel resources that originate far from the region. Not only does this represent an outflow of regional capital, but also the burning of fossil fuels is a major source of air pollution. It is, therefore, of interest to examine the potential for development of indigenous and renewable sources of energy in the border area as a long-term replacement for fossil fuels.

Although Baja California has an impressive array of renewable energy resources, very few of these resources have been developed to produce significant amounts of energy. The main reasons for the lack of renewable energy development in Baja California are the same that plague renewable energy development everywhere: relatively low costs for oil and natural gas coupled with relatively high initial capital costs for most renewable energy projects. These factors present even more of an impediment for the development of most renewable projects in Mexico, because of the plentiful supply of oil and gas and the lack of capital. However, demand for power and natural gas prices are expected to rise in the future, making renewable energy resources more attractive in the region. 

Renewable energy resources in Baja California consist of geothermal, microhydroelectric, biomass, wind, solar, and tidal. With the exception of geothermally generated electricity, none of these renewable resources has been significantly exploited to date. 

i. Geothermal: Baja California is home to some of the largest geothermal reserves in Mexico. These considerable resources are located at Cerro Prieto in the Valley of Mexicali, about 30 kilometers from the international border. An intriguing potential source of even greater geothermal energy than that found in the Valley of Mexicali might be in the form of geopressurized deposits (high-temperature, high-pressure water located beneath the sea bed) located in the northern part of the Gulf of California. This region displays characteristics found nowhere else in the world for the development of marine geothermal resources. The initial geothermal potential has been estimated to be tens of times greater that that of Cerro Prieto. 

ii. Geothermal Binary Cycle: There is potential to use heat from the residual brine that results from the operation of the geothermal fields at Cerro Prieto. The fields have an installed capacity of 720 MW and, when in full operation, produce 12,000 tons of residual water per hour with a temperature range of 120ºC to 135ºC. This represents an important amount of useful energy for a binary cycle operation. Estimates suggest that as much as 246 MW of additional power could be produced in this fashion. 

iii. Microhydroelectric Power: An interesting renewable technology that could prove practical in Baja California is microhydroelectric power generation in the Valley of Mexicali. This is based on capturing the energy in the flow of water from the extensive irrigation system that exists in the agriculture-intensive region surrounding the city of Mexicali. Estimates as high as 80 MW have been suggested for microhydroelectric generation.

iv. Solar, Wind and Biomass: Table 4 lists an estimate of renewable and alternative energy resources for Baja California. One can see that these sources of energy could play a significant role in the region’s energy  portfolio. Although the potential contribution to the region’s energy mix from solar (thermal and electric), wind power and biomass could be substantial, there are no studies that examine in a comprehensive fashion the potential of these resources. Table 2 gives estimated power production from renewable energy sources for Baja California.
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