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FOREWORD 

 

 

Economic growth in Central America has increased rapidly over the past 20 years. 

Currently, the GDP per capita for the six Central American countries of Costa Rica, El 

Salvador, Guatemala, Honduras, Nicaragua and Panama averages approximately 

US$3,600. However, masked behind this average figure is a subregion of 40 million 

people with a wide variety of income and where more than half of the population lives in 

poverty. 

Energy in general and electricity specifically are critical for economic 

development. Electricity is needed to power the machinery that supports                 

income-generating opportunities. Capital (both domestic and foreign) is attracted to 

countries that are able to offer an affordable, reliable source of electricity for businesses. 

Investment in secure, reliable and reasonably priced sources of energy that promote 

efficient consumption is necessary for sustained economic growth. 

Although the individual electricity markets of Costa Rica, El Salvador, 

Guatemala, Honduras, Nicaragua and Panama are not large, together the six countries 

collectively generated nearly 38 Terawatt-hours (TWh) of power—equivalent to around 

70 percent of the annual electricity supply of a medium-sized country in Latin America. 

However, individual electricity markets in this subregion are very different, ranging from 

vertically integrated to totally unbundled systems. Electricity markets also vary 

significantly in their quality of service and in their efficiency in production and delivery. 

In addition, the fragmentation of the subregion’s electricity market into small units has 

presented challenges for meeting a growing demand and has raised supply costs. 

The SIEPAC Electrical Interconnection System, which will link the six countries 

in 2010, could bring a number of associated benefits such as the improvement of energy 

security through increased reserve margins, as well as efficiency gains and lower costs 

through economies of scale. Integration is necessary, but not sufficient, to meet the 

subregion’s electricity needs and a number of steps remain to be taken in both the short 

and long terms so that the benefits of integration can be fully exploited. These include 

addressing physical, regulatory, institutional and political issues on both national and 

regional levels as part of an effective integration plan. 

The World Bank has undertaken a series of studies to better understand the energy 

challenges facing these six Central American countries that are to be joined by SIEPAC 

and to identify actions to promote the sound development of the sector. These studies 

have been prepared by a team of policy experts, engineers and economists as part of an 

integrated series entitled the Central America Programmatic Energy Studies, with a 

primary focus on the electricity subsector. The initial phase of this programmatic series 

includes three modules: 

I. General Issues and Options: sets the stage for further analysis by 

systematically examining the electricity subsector and identifying major 

challenges at the individual country and regional levels.  



11 

II. Managing an Electricity Shortfall: evaluates the effectiveness of   

supply- and demand-side actions to address actual or looming shortages.  

III. Structure and Regulatory Challenges: identifies barriers to electricity 

integration and proposes actions to overcome them.  

This particular document is the General Issues and Options module which 

provides an overview of the key challenges and options for the energy sector in the region. The 

World Bank is also proposing additional modules, including one on the potential for 

further development of geothermal energy in the subregion. 

It is our hope that this series of studies will help policymakers and other 

stakeholders in these six countries to address the issues necessary to create a reliable and 

efficient energy system that serves as a solid foundation for economic growth in the 

subregion. 

 

 

Laura Frigenti      Philippe Benoit 

Country Director     Sector Manager 

Central America     Energy Unit 

Latin America and     Latin America and 

the Caribbean Region     the Caribbean Region 
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EXECUTIVE SUMMARY 

 

 

1. The six Central American countries of Costa Rica, El Salvador, Guatemala, 

Honduras, Nicaragua and Panama share a long tradition of regional integration, including 

a common market, substantial intraregional trade, as well as coordinated commercial 

policies, such as the Central American Free Trade Agreement (CAFTA) with the US. The 

most significant example of regional integration in the energy subsector consists of the 

Sistema de Interconexión Eléctrica para América Central (SIEPAC), an interconnection 

line that is expected to link the six countries in mid-2010. The creation of the 

interconnection has been a long-term effort, starting in the early 1990s and culminating in 

2010. 

2. The energy sectors of Central American countries have broad similarities as a 

result of common geographic features: mountain ranges that offer the potential to develop 

hydropower, geologic activity along tectonic plates for geothermal energy, and limited 

fossil fuel resources. In terms of energy production from regional resources, biomass 

accounts for 67 percent, followed by other renewables such as hydro, geothermal and 

wind (28 percent); only 5 percent is from domestic oil production. 

3. This report provides an overview of the energy sector in Central America, with a 

focus on the power subsector, and highlights the key challenges and options for meeting 

future energy and development goals. One of the main objectives of the study is to 

identify paths for collective action whereby individual countries, and the region as a 

whole, could benefit from a more integrated approach to developing energy infrastructure 

and connecting energy markets. 

BACKGROUND 

4. Overall economic data indicate that several of the countries are lagging in terms 

of human development. Costa Rica and Panama are the only two countries that rank 

among the world’s 100 highest in terms of the Human Development Index (HDI). For the 

region as a whole, 46 percent of the population lives below the poverty line; this is also 

reflected in the Human Poverty Index (HPI-1), in which most of the countries are ranked 

within the medium range of a sample of 108 countries. Human development and the 

incidence of poverty have been shown to be closely related to the availability of modern 

forms of energy, including electricity. 

5. Central America’s energy matrix is characteristic of developing countries, where 

there remain a lack of modern forms of energy in rural areas and a large share of 

firewood and agricultural residues in Total Primary Energy Supply (TPES). In more 

developed countries, such as Costa Rica and Panama, biomass represents about               

17 percent of TPES. The proportion of firewood and residues in total demand is on the 

order of 42 percent in Central America as a whole, but by contrast only around              

18 to 20 percent in Costa Rica and Panama. Comparative values for the percentage of 
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firewood and residues in South America and the United States are 19 percent and            

3 percent, respectively. 

6. The residential sector in Central America accounts for the majority of energy 

consumption, with a 43 percent share, which contrasts with 17 percent and 19 percent in 

South America and the US, respectively. Two other sectors that are major energy 

consumers in Central America are transport (29 percent) and industry (21 percent). The 

residential sector is also a large consumer of electricity in the region (37 percent of the 

total). 

7. Primary energy supply per capita is on the order of 0.67 tons of oil equivalent 

(toe). Although this is an increase from the 0.57 toe level of 1985, it remains low 

compared to the average for Latin America and the Caribbean (LAC): 1.1 toe per capita. 

The low energy supply per capita is indicative of the low gross domestic product (GDP) 

in the region; GDP per capita in the US is about 7 times greater than that of Central 

America, and energy use is approximately 11 times greater. Energy intensity, i.e.,         

the energy use per dollar of GDP, was around 143 toe per million dollars, which is low 

by US standards (213 toe/$M) but comparable to those of OECD Europe (154 toe/$M). 

Electricity consumption per capita (on average 780 kilowatt hours [kWh] per year)
1
 has 

grown by 100 percent over the past 20 years. There are wide variations of consumption 

levels within the region: Costa Rica (1,832 kWh) and Panama (1,586 kWh) are 

substantially higher than the other Central American countries, which all consume less 

than 700 kWh per capita. By comparison OECD Europe consumes around 6,000 kWh per 

capita and the US about 13,000 kWh per capita. 

8. All of the countries in the region are highly dependent (over 50 percent) on 

imported oil to supply their energy needs, with the exception of Guatemala which meets 

20 percent of its energy demand from its own oil production. Total regional imports in 

2007 amounted to 110 million barrels (Mbbl) of crude and oil products; domestic 

production amounted to 23 Mbbl. The resulting oil bill has become a serious drain of 

foreign currency. The collective oil bill in the region has grown from US$3 billion in 

2000 to US$11 billion in 2008, equivalent to an increase from 4 to 8 percent of GDP. 

9. The power sector has contributed to the increase in oil consumption in the region 

due to a substantial increase in the participation of fossil fuels in the generation mix 

(from 10 percent in 1990 to 45 percent in 2007). The transport sector, which is the major 

consumer of oil products (29 percent of total energy demand), has seen a steady increase 

in the use of gasoline and diesel oil, on the order of 5.5 percent per year between 1990 

and 2007. 

10. With regard to electricity supply, the region generated approximately 38 TWh in 

2007, equivalent to around 70 percent of the annual electricity supply of a medium-size 

country in LAC, such as Chile or Colombia. Aggregate generation for the region has 

                                                 
1
 This figure is for total national electricity consumption by all sectors, divided by population. This is 

different from average monthly residential consumption per capita, which is around 145 kWh in Central 

America as a whole, with higher values in Costa Rica (237 kWh), Panama (206 kWh) and Honduras       

(180 kWh). 



14 

grown at a rate of around 6 percent per year since 1990. This rate decreased slightly after 

2000 with some deviations between countries (higher in Guatemala, lower in Panama). 

Installed generation capacity is around 9,700 megawatts (MW). 

11. In 1990, the share of renewable energy in power generation in all of the countries 

in the region except Nicaragua was above 85 percent, the majority of which was provided 

by hydropower. By 2007 the proportion of renewable energy had fallen overall, with 

widely different amounts by country depending on resource endowments and sector 

policies (92 percent in Costa Rica; approximately 55 percent in El Salvador, Guatemala 

and Panama; 37 percent in Honduras; and only 28 percent in Nicaragua). The downward 

trend in the use of regional renewable energy was the result of both institutional and 

sectoral policies that favored the use of relatively cheap fossil fuels for power generation, 

as well as environmental and social pressures that reduced the development of new 

hydropower projects. 

CRITICAL ISSUES 

12. The study evaluated several critical issues confronting the power sector in Central 

America, including: (a) continued reliance on traditional biomass energy in some 

countries and a sizeable population without access to electricity; (b) difficulties in 

ensuring a sufficient and reliable supply of electric power; (c) vulnerability of electricity 

costs to the volatility of international oil prices; (d) social and political tensions in the 

pricing of electricity and related difficulties in the financial health of the power sector;  

(e) inefficiencies in the production and delivery of electric power; and (f) political 

support, but an inadequate policy framework, for developing renewable energy. 

13. Electricity access rates and the use of modern energy. Biomass remains an 

important energy source in many countries of the region. Its continued use, particularly 

the use of firewood in rural areas, contributes to serious health problems and has negative 

externalities associated with deforestation and gender—women’s labor is an important 

component of fuel wood collection. The continued use of biomass is affected by 

electrification policies and the pricing of modern energy such as liquefied petroleum gas 

(LPG). Although some Central American countries have reached high levels of 

electrification, other countries lag behind. Access to electricity is an essential element for 

development and has been shown to provide numerous benefits, including its contribution 

to better health and education outcomes. 

14. Supply/demand balance. Since 2007, several countries in the region have faced 

electricity shortages that resulted in emergency measures to avert widespread rationing; 

such measures were not always effective or popular. Among the factors that contributed 

to electricity shortages were high demand growth, low reserve margins, droughts, delays 

in the procurement and construction of new generation, failure to attract new private 

investment in countries adopting market reforms, and reduced availability of generation 

capacity. Over the longer run, these countries have the opportunity to diversify the 

production of electricity from multiple sources and lower the costs of power generation 

through economies of scale and by sharing reserves as a result of the SIEPAC 

interconnection project. However, this will not eliminate the need to fix structural 

problems in the power sector, including weak performance and inadequate governance of 
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state-owned enterprises, and the need to design and implement new electricity market 

rules and regulations. 

15. Vulnerability to oil prices. Although vulnerability to oil prices is a widespread 

problem globally, it is particularly acute in regions such as Central America that have 

little oil production of their own and that are highly dependent on oil for power 

generation. Private participation in electricity generation was encouraged during the 

sector reforms in the 1990s. For a variety of reasons, including relatively low oil prices at 

the time, the private sector chose to install thermal-based (primarily oil) power 

generation. The downside of the dependence on imported fuels was highlighted during 

the steep oil price increases of 2005–2007, which threatened the financial sustainability 

of the power sector in most countries of the region and which has led to a reexamination 

of power sector policies. 

16. Regulatory issues. Most countries in the region implemented power sector 

reforms based on private participation, independent regulation and competitive electricity 

markets. The new market model promoted the use of market prices for generation,     

cost-recovery tariffs, and transparent subsidies. However, the threat of large tariff 

increases during times of high and volatile oil prices prompted governments to intervene 

in the market, control wholesale prices and establish generalized subsidies, which 

undermined the credibility of government commitments to market reforms and the 

overall regulatory framework. The actions to control prices and enact broad subsidies 

also weakened the financial position of power companies and increased the investment 

risks for private companies. 

17. Efficiency. Electricity losses are extremely serious in some countries, and the 

regulatory measures that have been taken to address this issue have not been entirely 

successful. With the exception of Costa Rica, there is significant room for reducing 

losses—both technical and nontechnical—in all countries of the region, thereby 

contributing to the efficiency and the financial sustainability of the power sector. Closely 

related to the issue of efficiency is quality of service, which has in general seen an overall 

improvement in the region over the past 20 years. 

18. Supporting the development of renewables. One of the strategies that most 

countries in Central America are pursuing to reduce their vulnerability to oil price shocks 

and to diversify their power supply is the promotion of renewable sources of energy for 

power generation. However, although most countries in the region have introduced fiscal 

and/or market-based incentives for the development of small-scale renewable generation, 

the impact in terms of the diversification of the energy matrix is likely to be minor in the 

short to medium term. To have a substantial impact, it will be necessary to attract private 

investment in order to develop a significant amount of medium- and large-scale 

hydroelectric, wind, geothermal and biomass projects, which face a range of regulatory 

and project risks. 
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MODERN ENERGY AND ACCESS RATES 

19. The widespread use of biomass in Central America has led to multiple undesirable 

effects, including increased health risks associated with smoke inhalation, extensive time 

dedicated to collecting fuel wood, and gender disparities because many of the health and 

labor effects are concentrated among women. 

20. There are various immediate measures that can reduce the negative effects of 

biomass, such as stove improvements to increase efficiency and reduce smoke emissions. 

However, a more permanent solution typically involves a switch to cleaner and more 

modern sources of energy for households. An ideal fuel in this respect is LPG, which is 

also easily transportable and energy efficient. Because of these characteristics, LPG 

subsidies are often an effective way to reduce the negative effects of biomass usage and 

to help poor families. Panama and El Salvador have established a substantial subsidy for 

LPG distributed in small cylinders, which can be an effective targeting mechanism for the 

poor and can be complemented by a subsidy for the initial cylinder (as in Colombia). 

21. Electricity access remains a problem in Central America, particularly in Honduras 

and Nicaragua where national access rates are 70 and 72 percent, respectively. In rural 

areas, access rates are much lower: 45 and 42 percent in Honduras and Nicaragua, 

respectively. Approximately 8 million people in the region, out of a total population of 

around 40 million, lack access to electricity. With the exception of Costa Rica (where 

coverage is 99 percent), access to electricity is a high-visibility problem that should be 

tackled on a priority basis. Electrification programs—grid extension and distributed 

systems such as those based on solar photovoltaic (PV)—should be continued and 

expanded to ensure that the rise in access rates is maintained. The numerous successful 

programs should be expanded in the region and the lessons shared. 

POWER SECTOR OUTLOOK: THE SUPPLY/DEMAND BALANCE 

22. Development of the power sector in Central America will have wide-reaching 

impacts over the coming decade due to the challenge of meeting growing demand, the 

need to reduce reliance on imported petroleum, and the prospects of greater inter- and 

intraregional trade facilitated by SIEPAC and related power system integration. Against 

this backdrop, electricity supply is a particularly sensitive issue from a political 

standpoint due to the widespread social and macroeconomic disturbances that can result 

from planned or unplanned power outages or from large increases in electricity tariffs. 

The study analyzed both short- and long-term options for meeting the electricity 

supply/demand balance in the region. 

23. Short-term outlook and lessons learned. Over the past decade, nearly all 

countries of the region have experienced electricity supply constraints. As a result, many 

countries have been forced to implement emergency short-term actions to deal with an 

increasingly precarious supply/demand situation. 
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 Costa Rica adopted a contingency plan to deal with its supply/demand 

imbalance. This plan included the acceleration of the commissioning of a new 

thermal plant that was originally slated for 2011, the rental of emergency  

skid-mounted diesel engines and gas turbines, the purchase of power from 

sugar processing plants based on bagasse during the harvest season and 

bunker fuel during the off-season, the early commissioning of a wind project, 

the improvement in general maintenance of thermal plants, and the 

dissemination of guidance to encourage electricity saving. 

 Private investments in generation in El Salvador fell in 2003 after the 

government made major changes in power sector regulations in the late 1990s. 

By mid-2005 the power market was particularly tight due to low generation 

reserve margins and the renovation of large hydro units. The government, 

through the state-owned power company, had to commission an expensive 

medium-speed diesel plant to compensate for a lack of private investment. 

 Honduras has recently experienced a tight supply/demand balance because of 

delays in contracting new power supply from private generators, coupled with 

high demand growth. The government has adopted emergency measures to 

mitigate the risk of energy shortages in the short term, such as rehabilitating 

older diesel plants and contracting emergency diesel generation. 

 Nicaragua suffered from widespread blackouts in 2006–2007. The crisis 

persisted until 2008, when an emergency high-speed diesel power plant 

financed by the Venezuelan Government was installed; less expensive 

medium-speed units were also installed in 2008 and 2009. Small wind, 

geothermal, and hydropower projects are currently under construction. 

 Panama’s distribution companies failed to attract new power supply from 

private generators from 2004 to 2007. The supply/demand balance was 

precarious and prices on the wholesale market skyrocketed until the regulator 

prompted emergency power purchases from diesel plants and adopted new 

competitive bidding procedures for power purchases. The new procedures 

were successfully applied in 2008 and led to the award of contracts for five 

hydropower plants (350 MW) under long-term supply contracts. 

24. Short-term solutions. In the very short run few supply responses are available, 

while demand responses are mostly limited to changes in behavior given existing 

technology (such as switching off lights, air conditioning, hot water heaters and other 

nonessential equipment) that are normally induced voluntarily or through quantity 

restrictions (general rationing). A wider range of demand responses are available in the 

short to medium term, including energy efficiency improvements among a wide range of 

equipment in the residential, commercial, industrial, and municipal sectors. A wider 

range of price (changes in tariffs) and quantity incentives (specific rationing) can also be 

used. 

25. Long-term outlook: country level. National expansion plans are prepared by all 

of the countries, using similar planning tools. The common characteristic of plans 

prepared for 2008–2020 is the reliance on local resources. With the exceptions of El 

Salvador, which imports 30 MW from Guatemala, and Guatemala, which imports        
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200 MW from Mexico, the national expansion plans do not consider imported energy on 

a long-term basis for supplying their market. 

26. Another common characteristic of recent national expansion plans is the inclusion 

of renewable energy. Renewable energy (mainly hydro) accounts for 56 to 87 percent of 

planned capacity additions in Costa Rica, Guatemala, Nicaragua and Honduras. The 

exceptions are El Salvador, which does not have a substantial level of new hydro 

resources (only two hydroelectric projects with advanced studies were considered in the 

expansion plan), and Panama, whose development plan omits some hydro expansion 

possibilities due to a lack of information from private developers. A critical look at 

individual expansion plans reveals, in general, an overly optimistic view of development 

costs and the timetable for implementing renewable energy projects. 

27. The switch to renewable energy for power generation can have cost advantages 

compared to fossil fuels. Levelized costs for hydropower plants in the region vary from 

low cost (US$50–60/MWh) to high cost (US$90–116/MWh), with all being far lower 

than open-cycle gas turbines or medium-speed diesel engines (US$140–170/MWh). 

Levelized costs for large-scale windpower plants in Mexico have been estimated at 

US$60–90/MWh (de la Torre and others 2010), while electricity from sugarcane bagasse 

is competitive with fossil fuels under a wide range of conditions. Coal-fired plants can be 

competitive (US$100–120/MWh, depending on the fuel price scenario), as can 

combined-cycle gas turbines operating on LNG (US$77–96/MWh). The latter fossil-fuel 

options, if adopted, could also contribute to the diversification of the energy supply away 

from imported oil. However, the lower bound of costs for coal and LNG can probably 

only be achieved by large-sized plants selling to the regional market. 

28. Long-term outlook: regional level. A regional expansion plan has been prepared 

by the Executive Secretariat for the SIEPAC project. The plan envisages a large 

participation of hydropower generation along with LNG-based production, 

complemented by large coal plants. Over the longer term, regional integration can also 

benefit the development of other renewables by developing larger-scale projects with 

lower levelized costs. It is also possible for Central America to benefit from 

interconnections with both Mexico and South America, and to take advantage of     

lower-cost electricity produced outside the region. 

29. The increase in regional electricity trade is made possible by the SIEPAC project, 

which includes a 1,800 km, 230 kV power line that connects the six Central American 

countries. The system has a capacity of approximately 300 MW, or roughly three percent 

of the region’s total installed capacity, with the possibility of doubling this capacity 

through a second circuit. The line is owned by EPR (Empresa Propietaria de la Red) 

whose shareholders include the six Central American governments, the Spanish energy 

company ENDESA, the Colombian transmission company ISA, and the Mexican power 

company CFE. 

30. True integration, or the means by which the full benefits of SIEPAC 

interconnection can be captured, calls for a wide range of institutional coordination 

measures. Many of these measures have already been put in place by the countries, such 

as the creation of the regional regulator (CRIE), the regional operator (EOR), and the 

rules and regulations for the operation of a regional energy market (RMER). Although 
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the regional energy market was designed to be a ―seventh‖ electricity market, with the 

gradual development of an integrated regional market, there remains a gap in integration 

because of inadequate regulations, procedures and guarantees to develop regional power 

plants. Without integrated market rules and regulations and the additional supply of 

electricity that could come from a regional power plant, the full benefits of the SIEPAC 

project will not be achievable. 

31. The issues to be addressed in order to create a regional market, facilitate the 

development of regional generation plants and promote long-term power trade among 

Central American countries include: 

 Reciprocity between market-based energy sectors (Panama, Nicaragua, 

Guatemala and Honduras) versus those that maintain an integrated sector 

(Honduras and Costa Rica); 

 Rules for prioritizing domestic demand in case of energy shortages (Honduras 

and Panama); 

 Price controls and generalized subsidies (El Salvador and Nicaragua); 

 Long-term transmission rights; 

 Alignment between national and regional regulations; and 

 Operational capacity of the regional regulator (CRIE). 

DEALING WITH OIL DEPENDENCE AND VOLATILE OIL PRICES 

32. Diversification of the energy matrix by switching to new energy sources is an 

important issue for the region in order to reduce the risks associated with high and 

volatile oil prices. The proportion of petroleum products in total energy consumption in 

Central America increased from 34 percent in 1990 to 45 percent in 2006. The power 

sector is one of the sectors that can relatively easily diversify away from oil, given the 

range of technologies and fuels for producing electricity. 

33. Because of the small size of power systems in Central America, and the 

perception of high investment and country risks, private investors chose to install thermal 

plants—mainly medium-speed diesel engines—following the sectoral reforms of the 

early 1990s. Thermal plants required less capital, could be developed in small modules, 

had high efficiencies, could use heavy fuel oil at very competitive costs, could eventually 

be moved out of the country if necessary, and posed fewer social and environmental 

challenges as compared to hydropower. In fact, during the nascent stages of sector 

reform, some investors, for example in Guatemala, chose to install barge-mounted power 

plants. Private sector investment provided much-needed relief to public sector companies 

that had little access to capital. However, the trend away from hydropower and toward 

fossil fuels also made the region increasingly dependent on oil products and on the 

volatility of the oil market, which resulted in extreme financial consequences in       

2006–2008 when the costs of power production skyrocketed. 

34. The measures that are being pursued in Central America to diversify the energy 

matrix of the power sector and to reduce the vulnerability to oil prices include: 



20 

a) Promoting the large-scale development of renewable energy potential—

primarily large and medium hydropower, small hydro, geothermal, biomass 

and wind generation projects; 

b) Introducing large-scale non-oil-based power generating facilities with 

significant economies of scale; and 

c) Developing a regional electricity market and expanding the market to large 

countries with lower generation costs, such as electricity from Mexico through 

the interconnection with Guatemala, and from Colombia through a proposed 

interconnection with Panama. 

35. Other complementary measures should include the rationalization of electricity 

consumption, such as through demand-side management. Demand-side measures focus 

on reducing the quantity of electricity consumed, such as by modifying tariffs, increasing 

energy efficiency or affecting consumption behavior. This can be done through measures 

such as increasing tariffs, mandatory rationing, using a media campaign to encourage 

voluntary rationing, and appliance replacement programs. Supply-side measures could 

also be used; these generally involve increasing capacity and availability. This can be 

accomplished by increasing the availability of existing generation capacity (for example, 

by improving maintenance or rehabilitating equipment), or by reducing losses in 

transmission or distribution (for example, by adding capacitor banks or installing 

advanced metering systems). 

REGULATORY QUESTIONS: SUBSIDIES AND ENERGY PRICING 

36. The countries of the region, with the exceptions of Costa Rica and Honduras, 

implemented a market-oriented reform of their power sectors in the late 1990s in order to 

improve the quality, reliability, efficiency and coverage of electricity services. These 

reforms included: unbundling, separation of the roles of the State and the operators, 

private participation, competition, independent regulation, cost-covering tariffs and 

targeted subsidies. However, the new market model demanded strong institutions, 

political commitment and market conditions that required time to develop. As a result, 

the electricity sector in the countries that reformed and in those that did not have faced a 

range of difficulties in the face of external shocks. 

37. With the increase in fuel prices and generation costs, governments in the region 

have struggled to keep retail prices low for the residential sector in order to avoid the 

political fallout from tariff increases. To avoid across-the-board tariff increases, 

governments have instituted selective subsidies, with varying degrees of success. In 

Guatemala, El Salvador, Costa Rica and Nicaragua, the economic rent from amortized 

hydropower plants owned by state enterprises was used to finance a substantial portion of 

the subsidies. In Honduras and Panama, subsidies were financed directly through the 

national budget. Governments have also resorted to regulatory interventions such as 

setting ceilings on market prices, and other techniques that do not allow the true marginal 

costs of energy transactions to be reflected in wholesale prices. 

38. The targeting of subsidies has not been consistently applied in the region. 

Although in most countries the law limits subsidies to low-income residential consumers 
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(with consumption in the range of 100–200 kWh/month), governments have used other 

schemes to hide subsidies and control retail prices for the general population. For 

example, Panama, Nicaragua and El Salvador have established stabilization funds to 

reduce electricity prices; Guatemala and El Salvador have used ―social‖ tariffs to keep 

generation prices below market costs; and in Honduras wholesale prices have been kept 

below actual generation costs, which in many cases have benefitted more than 80 percent 

of residential consumers. Most of these schemes proved to be financially unsustainable 

following the sharp increase in international oil prices in 2008. 

39. In spite of attempts to reduce the impact of high generation costs on residential 

tariffs, average residential prices increased in all countries of the region after 2005. In 

2007, average residential prices were as high as US$0.16/kWh in El Salvador, 

Guatemala, Nicaragua and Panama, reflecting the impact of higher generation costs on 

tariffs. Residential prices remained relatively low in Costa Rica and Honduras, at about 

US$0.085/kWh, as a result of competitive renewable resources and hidden subsidies in 

Costa Rica and the application of generalized subsidies for most residential consumers in 

Honduras. 

40. Countries have a variety of ways to reduce the vulnerability of electricity prices to 

external shocks, some of which are more conducive to competitive markets: 

 Obligation of distribution companies to meet most of the expected demand of 

captive consumers with long-term contracts awarded under competitive 

bidding procedures; 

 Diversification of generation portfolios to reduce price risks; 

 Development of a regional market and regional generation plants; and 

 Implementation of energy efficiency programs. 

41. A major challenge of any of the above approaches is to design bidding procedures 

and strategies that are effective in creating a portfolio of long-term contracts that 

facilitates the financing of least-cost generation projects, stabilizes generation prices, 

reduces price risk and also reduces the incentives to simultaneously manipulate energy 

prices in the spot market. 

42. Oil pricing. The regulation of oil products has not posed any major issue in 

Central America. In all of the countries of the region, with the exception of Costa Rica, 

competition prevails for the import, distribution, transport and sale of oil products. Costa 

Rica has a monopoly petroleum company with regulated prices. In the other countries, 

private companies predominate, with a substantial presence of multinationals. 

43. El Salvador, Guatemala and Nicaragua have deregulated all types of fuel prices, 

with the exception of LPG. Prices charged at the pump and import parity prices are 

published in order to encourage competition. Panama regulates wholesale prices based on 

import parity criteria and recently established ceiling prices at the pump. Costa Rica and 

Honduras regulate wholesale and retail prices based on import parity criteria. Fuels are 

taxed using straightforward procedures. Fuel for power generation is tax exempt in all of 

the countries except Costa Rica. 
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44. Prices for gasoline in the region ranged from US$2.1/gallon in Panama to 

US$3.0/gallon in Nicaragua as of February 2009. Diesel oil varied within a similar range. 

Differences in prices represent differentials in taxation, with a minimum tax for gasoline 

of US$0.60/gallon in Panama to a maximum tax of US$1.50/gallon in Costa Rica. 

IMPROVING EFFICIENCY AND QUALITY OF SERVICE  

45. Electricity losses are a persistent problem for many power utilities in the region. 

Privatization improved the situation in Panama (where losses decreased from 25 percent 

in 1990 to around 12 percent in 2007), but had little effect in Nicaragua (where losses 

actually increased from 18 percent in 1990 to 28 percent in 2007). Elsewhere, losses are 

modest in El Salvador (around 15 percent), low in Costa Rica (below 12 percent) and 

high in Honduras (above 20 percent); in Guatemala they have remained more or less 

static at around 16 percent. 

46. Two general types of losses are typically reported: technical and nontechnical. In 

most countries where losses have become a financial problem, it has been because of the 

growth of nontechnical or commercial losses, which include unmetered energy and theft. 

In many of these cases the problem lies in an inability to control metering and billing of 

large consumers (industrial, commercial and residential) due either to faulty metering or 

tampering, rather than theft originating in slums or illegal connections. Today’s 

technology allows the installation of remote metering at relatively low cost, thereby 

allowing utilities to closely control their larger customers. Prepaid metering is a solution 

for small consumers by allowing them to control their consumption and the size of their 

electricity bills. 

47. Collection difficulties can also be an efficiency issue that can negatively impact 

the overall finances of a utility. However, this does not appear to be an important 

problem in most Central American countries. Nevertheless, collection is an integral part 

of customer management; it can usually be improved through modernized billing and 

collection system technology by facilitating points of payment and keeping closer 

account of revenues. Honduras is implementing a collection system program through a 

customer-oriented approach that seeks to streamline the commercial operations of the 

utility. 

48. Quality of service is one area in which the reforms of the 1990s have had a 

significant positive impact. Before the reforms and the establishment of regulatory 

agencies, service quality was not monitored and varied widely among utilities. With the 

advent of regulation and privatization, there has been an increased focus on ensuring that 

private and public distribution companies maintain a minimum standard of service. 

Regulators in all of the countries have promulgated standards for urban and rural service 

in terms of disconnection frequency and duration of disconnections (known as System 

Average Interruption Frequency Index–SAIFI and System Average Interruption Duration 

Index–SAIDI, respectively), together with a plan for improvement and penalties for 

noncompliance. 
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SUPPORT FOR RENEWABLES 

49. When the countries of the region introduced power sector reforms, the national 

power companies were either restructured and privatized or became market agents. As a 

result, there was little incentive to create or disseminate public information that could 

have been used to promote new investments in the power sector, in particular for 

renewable energy such as hydro, geothermal, biomass or wind power. 

50. Developing new hydropower in a regional context calls for a realistic assessment 

of project costs and risks, such as the information provided by comprehensive feasibility 

studies. Unfortunately, there is a lack of information on project costs, and much of the 

publicly available technical data in the region dates from the 1980s and 1990s before the 

private sector was largely responsible for future power sector development (with the 

exception of Costa Rica which remained vertically integrated). 

51. Renewable energy projects tend to be capital intensive, require feasibility studies 

because they depend on site-specific resources, often have long maturation periods from 

design to construction and some (such as large hydro) have a legacy of high and visible 

social and environmental impacts. To overcome these barriers, especially in the early 

years of development, additional public support is needed to develop renewable energy 

resources. Among the measures that may be needed are the preparation of resource maps 

and inventories, facilitation of early risk assessments and screening of potential projects 

according to economic, technical, environmental and social criteria, completion of 

prefeasibility studies and the provision of credit enhancements. 

52. Where conditions are right for hydropower development, i.e., acceptable 

development costs and private sector interest, projects will still require public support for 

addressing the environmental and social risks. Low development costs do not guarantee 

private interest; for example, Guatemala was unsuccessful in attracting private sector 

interest for one of its hydro projects—Xalalá—despite its low estimated development 

cost. This would suggest that it is not cost but the lack of sufficient environmental and 

social safeguards in Guatemala that has hindered the development of new generation 

projects. Alternately, as shown in the case of Panama, a combination of long-term 

contracts and high oil prices provided enough incentives for the development of about 

700 MW of hydroelectric projects by private investors. In most cases, innovative schemes 

will be required, such as those being developed in Costa Rica, that keep valuable 

information such as feasibility studies within the public domain while allowing for 

private development of selected projects. 

53. Biomass for power production represents a very small fraction of total generation 

in Central America but could be considerably larger. Production is concentrated in sugar 

mills that use bagasse to provide energy for their plant operations and, in the case of 

excess supply, they can sell electricity to the grid. Electricity production typically occurs 

only during the harvest season, although the production period can be extended with 

proper management of the bagasse. In addition, purchases of power from sugar mills can 

be complemented by supply in the off-season if the mills are able to consume other fuels 

(including fuel oil), which could allow the primarily biomass generating units to provide 

electricity during periods of tight supply/demand balances. In this sense, regulation in 

several countries could be adopted to encourage the supply of biomass power supply. 
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54. Central America has relatively large endowments of hydro, geothermal and wind 

resources. However, the development of major plants that could potentially benefit from 

substantial economies of scale faces several obstacles. In the short to medium term, the 

emphasis is on the development of medium-sized hydro projects. Geothermal resources 

have been developed in the past but require further incentives and study to continue their 

penetration in the power sector. Wind resources in the region have also been identified 

but require more site-specific analysis prior to large-scale commercial development. 

CONCLUSION  

55. This report provides an overview of the energy sector in Central America, with an 

emphasis on the power subsector, and it presents the key challenges and options for 

meeting future energy and development objectives. The study highlights several critical 

issues confronting the power sector in Central America, including: (a) continued reliance 

on traditional biomass energy in some countries and a sizeable population without access 

to electricity; (b) difficulties in ensuring a sufficient and reliable supply of electric power; 

(c) vulnerability of electricity costs to the volatility of international oil prices; (d) social 

and political tensions in the pricing of electricity and related difficulties in the financial 

health of the power sector; (e) inefficiencies in the production and delivery of electric 

power; and (f) political support, but an inadequate policy framework, for developing 

renewable energy. 

56. The main objective of the study is to identify paths for collective action whereby 

individual countries, and the region as a whole, could benefit from a more integrated 

approach to the development of energy infrastructure and the connection of energy 

markets. It is our hope that the information in this study will therefore provide valuable 

insights for energy policymakers in Central America and for energy practitioners 

worldwide. 
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CHAPTER ONE 

INTRODUCTION 
 

 

1. The study takes a regional approach to analyze energy issues in the Central 

American region. For the purpose of this study, the region is defined as being comprised 

of Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua and Panama. (Belize was 

excluded from the analysis because it is not interconnected with the rest of the region.) 

This regional approach was adopted for a number of reasons, including the presence of 

similar resource compositions across countries in the region, as well as the fact that many 

countries are facing common issues in their respective power sectors, some of which can 

best be addressed through collective and concerted action. 

2. Organization. The programmatic energy study in support of the Central 

American region was conceived as a modular project intended to illuminate various 

issues faced by the region as a whole. Four modules were initially proposed, with the 

flexibility to add additional modules if the analysis deemed it necessary. The initial 

modules are: 

a) Umbrella module: The objective of this component is to provide a broad 

overview of the energy sector in the region, including the power, oil and gas, 

and renewables subsectors. The module sets the stage for deeper analyses by 

identifying major issues in the energy sector both at the regional level and at 

the level of individual countries. 

b) Short-term measures module: In 2007 and 2008 several countries in the 

region faced a precarious supply/demand balance in the power sector and took 

different measures to cope with it. This module examines the scope and 

effectiveness of both supply-side and demand-side options to address actual or 

looming shortages, with the intent to address their application in the region 

and to leverage the experience to provide lessons learned for other regions. 

c) Regulatory module. Taking advantage of the power interconnection 

throughout the region requires various agreements at different levels in order 

to optimize short- and long-term operations. The Comisión Regional de 

Interconexión Eléctrica (CRIE) has developed rules and procedures for the 

operation of the regional interconnected system and the administration of the 

regional wholesale market, and the Inter-American Development Bank (IDB) 

has funded studies to align regional and national wholesale market 

regulations. The regulatory module examines the long-term requirements 

needed to develop regional power plants and to minimize long-term costs. 

Both aspects constitute the basic justification for the Sistema de Interconexión 

Eléctrica para América Central (SIEPAC). 

d) Renewables development module. One of the outstanding issues faced by 

the Central American countries is their vulnerability to oil price increases, 

which had dramatic consequences during 2007 and in the second half of 2008. 

Developing alternative power generation options to reduce oil dependence has 



 

26 

become an imperative that is at the forefront of energy policy discussions in 

most countries in the region. The module examines the stage of development 

of different large-scale power projects, primarily based on hydroelectric 

generation and geothermal sources, in order to identify and address the needs 

for advancing the underlying studies and the mechanisms required for 

financing them. 

3. Issues and Options Report Organization. This report is organized in six 

sections. An energy sector overview section presents the main characteristics and issues 

of energy supply and demand viewed primarily from an energy balance perspective.       

A review of the oil subsector illustrates why, despite the small scale of oil production in 

the region, this industry has a major impact on economies in the region. A review of 

domestic energy resources focuses on renewable energy (i.e., hydro, geothermal, wind 

and biomass); it analyzes the obstacles to be overcome for increased development and 

issues associated with household energy. Three sections are dedicated to the power 

sector; the focus of these sections is primarily on energy policy because of its influence 

on the consumption of oil products and its potential for developing alternative energy 

sources. A power sector overview section illustrates the organization of the sector and 

identifies costs and tariffs. Two sections are dedicated to the question of balancing supply 

and demand. First, a short-term section reviews recent experience with tight reserve 

margins, extracts lessons on how they were addressed and provides alternatives for future 

application. Next, a long-term section analyzes the outlook from the point of view of an 

independent development as well as an integrated system seeking to fully exploit the 

benefits associated with the interconnection that will be operational in 2010. 

4. Counterparts. There is a long and productive history of regional cooperation in 

Central America. A Central American Common Market, the Central American Bank for 

Economic Integration, and the Secretariat for Central American Economic Integration 

(SIECA) have been in operation since 1960. In addition, trade treaties have been 

negotiated on a regional basis, such as the Central American Free Trade Association 

(CAFTA), which includes the United States (US) and the Dominican Republic. 

5. Integration initiatives in the region are channeled through the Central American 

Integration System (Sistema de la Integración Centroamericana–SICA), created in 1991, 

which manages organizations responsible for the efforts of various sectors. In the energy 

sector, two regional organizations are part of SICA: the Central America Electrification 

Committee (Comité de Electrificación de America Central–CEAC) and the Central 

America Hydrocarbons Cooperation Committee (Comité de Cooperación de 

Hidrocarburos de América Central–CCHAC), which were both organized over 15 years 

ago. 

6. Since its creation, CEAC’s role in the electrical integration of the region has 

progressively grown and become more prominent. The organization is comprised of 

representatives from the energy authorities of the member countries, and it has provided a 

forum for supporting initiatives such as the regional power market, the SIEPAC project, 

and the interconnections with Mexico and Colombia. 

7. Within CEAC, the Regional Indicative Planning Taskforce (Grupo de Trabajo 

para la Planificación Indicativa Regional–GTPIR) integrates planning methodologies 



 

27 

and shares results among the national companies represented in the task force. CEAC was 

selected as the natural client for this regional study, and GTPIR was the Bank’s primary 

counterpart for power planning matters. 

8. The CCHAC organization has had a lesser role in the power integration efforts in 

comparison to CEAC, which is to be expected given the relatively passive role of the 

region in petroleum-related matters. However, CCHAC has undertaken a number of 

useful studies with the support of ECLAC, IDB, and the Governments of Germany and 

Italy. 

9. The SIEPAC project consists of an interconnection line from Panama to 

Guatemala, initially conceived in the 1970s; it was initiated in 1992 with support from 

the region’s six countries, the Government of Spain and IDB. Realization of the project 

has been slow due to painstaking financial arrangements, but the construction was 

initiated in 2006 and the commissioning is expected by 2010. The project itself is owned 

by the Empresa Propietaria de la Red (EPR) whose shareholders are the six    

government-owned transmission companies of the region, together with ENDESA, the 

Spanish power company, and ISA, the Colombian transmission company. 

10. The SIEPAC project has given rise to two other organizations that are required for 

the interconnection to operate successfully: 

 Regional regulator (Comité de Regulación–CRIE) to take into account the 

protocols required to channel energy from one country to another; and 

 Regional operator (Ente Operador Regional–EOR) to perform dispatch and 

clearinghouse functions for energy transferred through the international 

interconnections in the region. 

11. Coordination and dissemination. The material in this report was put together 

during a number of missions in the Central American countries, in coordination with 

CEAC. In addition, the team presented the progress of the study at various CEAC 

meetings in San José, Costa Rica, and Bogotá, Colombia. The results of the final report 

are expected to be presented in May 2010 during a forum attended by regional decision 

makers and organized jointly with SICA. 
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CHAPTER TWO 

THE ENERGY BALANCE PICTURE 
 

 

12. Energy is essential for economic and social development. Availability of a sufficient 

amount of reliable energy supply is essential to maintain industrial production, commercial 

activities and the well-being of the population. Energy shortages can jeopardize economic 

development. Accessibility to modern, affordable energy services, especially for the 

poorest and most vulnerable groups in society, is central to sustainable poverty reduction. 

This section presents basic country and energy sector data based upon general sector 

statistics with a focus on energy balances, and provides a comparative analysis of the 

countries within the region by contrasting various indicators. 

13. Basic socioeconomic data. The six countries in Central America are not a uniform 

group in terms of economic and social development levels. Costa Rica and Panama are the 

most advanced in terms of economic and human development. They are classified as 

countries with a high Human Development Index (HDI), a composite indicator that 

measures achievements in health, education and standard of living, while the remaining 

four countries have a medium HDI. Costa Rica and Panama are upper-middle-income 

economies while the rest are lower-middle-income economies, according to the World 

Bank classification. Costa Rica is well placed in the ranking of the Human Poverty Index 

(HPI-1—a measure of human deprivation) for developing countries, while Guatemala has 

the lowest HPI in the region, an indication of both inequality and a high percentage of 

population living below the poverty line. Nicaragua, Honduras and Guatemala, the most 

populated countries in the region, also have a higher percentage of rural populations. These 

countries also have low per capita income levels and low HDI and HPI-1 rankings (see 

Table 1). 

Table 1 

 

 

Central America

Basic statistics

2008

Costa Rica El Salvador Guatemala Honduras Nicaragua Panama CA

Area km2 51,100 21,040 108,890 112,090 130,370 75,520 498,640 

Population mil l ion 4.40 6.76 13.03 6.97 5.67 3.29 39.98 

Density pob/km2 86 321 120 62 43 44 80 

GDP per cápita  (PPP) US$2006 10,735 7,564 4,907 4,275 2,698 11,361

Human Development Index Ranking 

2008

50/179 

(high)

101/179 

(medium)

121/179 

(mediumo)

117/179 

(medium)

120/179 

(medium)

58/179 

(high)

Population below poverty line % 22% 37% 56% 51% 48% 37% 46%

Human Povery Index HPI-1
Ranking 

2008

5/108 

(high)

35/108 

(medium)

54/108 

(medium)

41/108 

(medium)

46/108 

(medium)

15/108 

(high)

Urban population % total 62% 60% 47% 47% 59% 71% 54%

Sources : World Bank, WDI; and UNDP, development indicators
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14. Energy Supply. The substantial differences in the composition of primary energy 

supply among countries in the region are related to differences in economic development, 

resource endowments and energy policies. In the poorer and more rural countries, 

Nicaragua, Honduras and Guatemala, firewood accounts for a large proportion of total 

primary energy supply (TPES), in excess of 35 percent, while in other countries it could be 

less than 14 percent. Hydrocarbons are imported in all of the countries, except Guatemala 

where domestic oil production represents about 20 percent of total hydrocarbon supply. In 

most countries, net energy imports represent approximately 50 percent of TPES, but the  

oil-producing country of Guatemala has a lower share (37 percent) and Panama has a much 

larger share of imports (73 percent) due to its small renewable energy endowment of 

potential alternative sources such as firewood and geothermal. Geothermal energy 

represents a significant portion of TPES (in excess of 10 percent) in Costa Rica and El 

Salvador, which are advanced in the development of their geothermal potential. In Costa 

Rica and Panama, which continued developing their hydroelectric potential after the 1980s, 

hydroelectric power represents a significant share of TPES (in excess of 10 percent). 

Finally, the share of renewable energy is about 50 percent in most countries, except in El 

Salvador and Panama (40 percent and 27 percent, respectively) where there are smaller 

amounts of firewood and a lower contribution of either hydro or geothermal energy in the 

energy matrix (see Table 2). 

Table 2 

 

 

15. There have been substantial changes in the composition of the region’s energy 

matrix during the past 15 years. This analysis relied on the database of global energy 

balances maintained by the International Energy Agency (IEA). Although there are major 

differences in the IEA’s estimates of energy supplied by firewood in some countries in the 

region in comparison to other sources, the IEA’s dataset was used in this case because it 

can provide an overview of changes in the energy matrix in the region over time and also 

facilitate a comparison of the situation in Latin America with developed countries. 

16. At regional level, there has been an increase in the percentage of hydrocarbons in 

energy supply, from 35 percent in 1990 to 46 percent in 2006, mainly due to the growth of 

energy consumption in the transport and power sectors; in particular, the dependence on 

CENTRAL AMERICA

TOTAL PRIMARY ENERGY SUPPLY (TPES)

% of TPES

Costa 

Rica

El 

Salvador

Guatema- 

la

Hondu-  

ras

Nicara-  

gua
Panama

Crude oil & 

petroleum products
51% 60% 42% 48% 51% 73%

Coal 0% 0% 4% 1% 0% 0%

Hydro 13% 5% 4% 5% 1% 10%

Geothermal 17% 13% 3% 0% 3% 0%

Firewood 10% 14% 41% 36% 37% 14%

Bagasse 5% 7% 8% 9% 7% 3%

Other 4% 0% 0% 1% 1% 0%

Total 100% 100% 100% 100% 100% 100%

Imported (net) 51% 60% 37% 49% 51% 73%

Renewables 49% 40% 55% 51% 49% 27%

Year 2007 2006 2007 2006 2006 2007

Source:  Energy Ministries except Honduras (OLADE-Energy statistics 2006)
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thermal generation has grown in the power sector. During this period, the share of biomass 

(firewood and residues) has decreased from 53 percent to 37 percent, mainly due to the 

large increase in electricity coverage (from 52 percent to 82 percent). Compared to South 

America, the share of hydrocarbons in Central America’s primary energy supply is about 

the same (44 percent), but the share of biomass is still much larger (37 percent versus       

17 percent); the difference is made up by the contribution of natural gas in South America 

(20 percent). In the US, the share of hydrocarbons is in the same range, but biomass is only 

3 percent and hydro and geothermal have a negligible contribution (1.5 percent), which is 

compensated by a large contribution of coal (24 percent) and nuclear (9 percent). 

17. At country level, all of the countries except Nicaragua have made progress in 

reducing the share of firewood, and all except Costa Rica have increased the share of oil in 

the energy matrix. Costa Rica has maintained a large composition of hydropower and has 

substantially increased its share of geothermal energy. Coal has maintained a negligible 

participation in most countries in the region during this period (see Table 3). 

Table 3 

 

                                   

18. Energy Demand: composition by energy source and sector of consumption. The 

proportion of petroleum products in final energy consumption in Central America had 

increased to 45 percent by 2006, a similar ratio to that of South America or the US. This 

level of petroleum use was made possible because the use of biomass, mainly firewood, 

decreased from 58 percent to 42 percent from 1990 to 2006 as electricity coverage 

increased from 52 percent to 80 percent, and the share of electricity in final consumption 

rose from 8 percent to 12 percent. However, the contribution of biomass is still very large 

in comparison to South America (19 percent) or the US (3 percent) and the share of 

electricity is still low in comparison to South America (17 percent) or the US (20 percent), 

an indication of low electricity use and coverage. Natural gas is not used as an energy 

Central America

Total primary energy supply

% share

Coal

Crude & 

petroleum 

products

Hydro
Geo- 

thermal

Other 

renewab

Firewood 

&residues

Natural 

gas
Nuclear

1990 0% 49% 14% 0% 0% 37%

2006 1% 48% 12% 23% 1% 16%

1990 0% 32% 6% 14% 0% 48%

2006 0% 44% 4% 21% 0% 32%

1990 0% 29% 3% 0% 0% 68%

2006 5% 40% 4% 0% 0% 52%

1990 0% 31% 8% 0% 0% 61%

2006 3% 51% 5% 0% 0% 42%

1990 0% 29% 2% 16% 0% 53%

2006 0% 39% 1% 8% 0% 52%

1990 1% 57% 13% 0% 0% 28%

2006 0% 72% 11% 0% 0% 17%

1990 0% 35% 7% 5% 0% 53%

2006 2% 46% 6% 8% 0% 37%

SA* 2005 5% 44% 12% 17% 21% 1%

USA 2005 24% 41% 1% 3% 22% 9%
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Source: IEA 2008. 
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source in Central America, but contributes significantly to final consumption in South 

America (14 percent) and the US (20 percent). 

19. The proportion of the residential sector in total energy consumption in Central 

America decreased from 54 percent to 43 percent in 1990–2006 as a result of the 

substantial increase in electricity coverage, which displaced the use of biomass, particularly 

in rural areas. However, the residential ratio is still high in comparison to South America 

(17 percent) or the US (19 percent), where the industry and transport sectors represent a 

larger share of final consumption. The higher-income countries in the region—Costa Rica 

and Panama—have energy consumption structures that are more similar to that of the US 

(see Table 4). 

Table 4 

 
Source: International Energy Agency 2008. 

 

20. Energy use in Central America. Primary energy use (total primary energy supply 

per capita) in the region has increased gradually from about 0.57 to 0.67 toe/capita from 

1980 to 2005, largely as a result of economic development, but it is still low in comparison 

to the average of Latin America and the Caribbean, which reached about 1.1 toe/capita in 

2005. Only Costa Rica and Panama, the countries with the highest per capita income in the 

region, reached levels of about 0.9 toe/capita. The relationship between energy use and 

economic development is shown in Figure 1; GDP per capita in the US is about seven times 

that in Central America, and energy use in the US is 11 times greater than that in the region. 

In general, wealthier people consume more energy. However, this is not a linear 

relationship because other factors, such as the proportion of energy-intensive industries in 

the economy and the extent of energy efficiency, also play a role. OECD Europe, which is 

more energy efficient than the US, had 61 percent of the GDP per capita of the US but only 

44 percent its energy use, an indication of a lower energy intensity (see Figure 1 and slopes 

of trend lines for USA and Europe).  

 

Central America

Final energy consumption

SA* USA

1990 2006 1990 2006 1990 2006 1990 2006 1990 2006 1990 2006 1990 2006 2005 2005

By energy source

Electricity 15% 20% 8% 12% 4% 8% 7% 11% 6% 7% 15% 17% 8% 12% 17% 20%

Coal 0% 1% 0% 0% 0% 2% 0% 3% 0% 0% 2% 0% 0% 1% 3% 2%

Petroleum products 45% 59% 35% 48% 26% 37% 30% 41% 28% 30% 52% 64% 34% 45% 47% 54%

Natural gas 14% 20%

Firewood &residues 39% 20% 56% 40% 70% 53% 63% 45% 66% 63% 32% 18% 58% 42% 19% 3%

By sector

Industry 27% 25% 22% 24% 13% 18% 25% 26% 22% 18% 21% 18% 20% 21% 39% 20%

Transport 31% 46% 23% 30% 16% 24% 16% 23% 17% 19% 33% 42% 21% 29% 34% 45%

Residential 35% 19% 52% 44% 68% 53% 55% 45% 56% 54% 36% 26% 54% 43% 17% 19%

Other 7% 10% 3% 2% 3% 5% 5% 6% 5% 10% 10% 14% 5% 7% 10% 16%

CACR ES GUA HDS NIC PAN
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Figure 1 

  

 

                                            

 

21. Energy intensity. In 2005, the average energy intensity of the economy in the 

region was low, about 143 toe per million dollars of GDP (2000 PPP price level), in 

comparison to developed countries like the US, whose value is approximately 213 toe/$M, 

but comparable to OECD Europe (154 toe/$M). However, whereas the US has been able to 

reduce its energy intensity over the past 25 years from 350 to 213 toe/$M and OECD 

Europe has decreased its level from 215 to 154 toe/$M, Central America, or the greater 

Latin America and Caribbean region for that matter, has not shown any such 

improvements. This phenomenon is due to the differences in economic development and 

the participation of energy-intensive industries in the economy at the beginning of this 

period. Central American energy-intensive businesses are growing, but the US and OECD 

Europe, which already had established industries, have been able to reduce energy intensity 

by investing in more efficient capital stock and increasing the participation of the services 

sector in the economy. 

22. The relationship between energy intensity and energy use shows substantial 

differences in energy intensity levels between countries in the region, with higher energy 

intensity and lower energy use in the lower-income countries (Nicaragua, Honduras and 

Guatemala). This can be explained by the high proportion of biomass in the energy matrix 

and by the inefficient use of this energy source (see Figure 2). 
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Figure 2 

  

  Source: IEA 2008. 

 

23. Summary. Based on this analysis, the general picture that emerges is a region that 

has attained a modest level of development. Per capita consumption is relatively low, but it 

could feasibly grow through increased industrialization. There is an average level of use of 

energy relative to GDP, but the region is highly dependent on oil and therefore vulnerable 

to its price volatility. 
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CHAPTER THREE 

OIL AND OIL PRODUCTS 

 

 

24. Although the public sector typically focuses on the power subsector with respect to 

energy supply and demand decisions, oil plays an equally important role in this matter, both 

directly and indirectly. Oil products are by far the greatest input to modern energy for the 

economies of the Central American countries (as shown in Table 2, depending on the 

country they account for 42 to 73 percent of total primary energy supply). However, 

because the region has very limited production, oil product policy issues are not as 

prominent as those related to the power sector. 

25. Central America depends on imports to meet its domestic demand for oil products. 

In 2007 approximately 110 million barrels (about 300,000 barrels per day [bpd]) of crude 

oil and oil products were imported to the region. Guatemala is the only oil producer in the 

region, but it only had a small production of about 5.6 million barrels in 2007, just enough 

to meet about 20 percent of its domestic demand. In 2007, Costa Rica, El Salvador and 

Nicaragua kept refineries in operation and imported about 18 million barrels of crude oil 

(about 50,000 bpd). In 1990 all of the countries in the region had refineries in operation, but 

Honduras closed its operations in 1991; Guatemala and Panama followed at the end of 

2002. As a result, the percentage of the regional demand for oil products that is covered by 

domestic production dropped from about 45 percent in 1995 to 17 percent in 2007 (see 

Table 5). 

Table 5  

 

        Source: CEPAL- Istmo Centroamericano: Estadísticas de hidrocarburos, 2007. 

 

26. The region’s petroleum bill, the cost of crude oil and petroleum fuel imports 

increased 280 percent from about US$3 billion in 2000 to US$11 billion in 2008, due to the 

increase in oil demand over this period and a substantial increase in the average West Texas 

Intermediate (WTI) prices from US$30.4 to US$99.7/barrel, or 228 percent. The oil bill is 

Central America

Petroleum balance

Thousand barrels

1995 2000 2007 1995 2000 2007 1995 2000 2007 1995 2000 2007

Crude oil

Central America 3,415 7,090 5,584 29,697 35,183 18,653

Costa Rica 0 0 0 5,236 337 5,211

El Salvador 0 0 0 5,568 7,024 7,259

Guatemala 3,415 7,090 5,584 5,605 6,020 0

Honduras 0 0 0 0 0 0

Nicaragua 0 0 0 4,194 6,004 6,183

Panama 0 0 0 9,094 15,799 0

Oil products (fuels)

Central America 29,354 34,168 17,984 44,943 55,476 91,530 64,683 78,132 106,658 45% 44% 17%

Costa Rica 5,127 0 5,460 7,611 13,618 13,107 11,508 12,950 17,656 45% 0% 31%

El Salvador 5,231 6,638 6,938 6,421 8,589 10,379 11,605 14,011 16,817 45% 47% 41%

Guatemala 5,605 5,851 0 10,675 15,180 27,813 16,440 21,534 27,091 34% 27% 0%

Honduras 0 0 0 8,942 10,454 19,385 8,603 10,302 17,889 0% 0% 0%

Nicaragua 4,204 5,979 5,586 2,231 2,690 4,862 5,965 8,299 9,928 70% 72% 56%

Panama 9,187 15,700 0 9,064 4,945 15,985 10,562 11,036 17,277 87% 142% 0%

Production Importation Consumption/use Product./Consumpt.
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becoming a major economic burden for the countries in the region. As a percentage of total 

imports of goods, it increased from 10 percent in 2000 to 17 percent in 2007, with major 

differences between countries. While in Guatemala and Nicaragua it represented about       

30 percent of imports in 2007, in the wealthier countries—Panama and Costa Rica—it 

represented just 10 percent. As a percentage of aggregate GDP of the region, the average 

oil bill increased from 4 to 8 percent over this period. At country level, the oil bill was as 

high as 15 percent of GDP in Nicaragua or as low as 6 percent in Costa Rica in 2007 (see 

Table 6). 

27. The possibility of joining the Petrocaribe Energy Cooperation Agreement is 

attractive for many countries in the region as an option to reduce the financial impact of the 

petroleum bill. The Petrocaribe Agreement improves the benefits and conditions of 

previous regional agreements, including the San José Agreement and the Caracas Energy 

Cooperation Agreement. Through Petrocaribe, Venezuela bilaterally supplies to the 

governments of member countries fixed quotas of crude oil and refined products at market 

prices and grants long-term financing on concessional terms for up to 40 percent of the bill 

for 25 years at 1 percent per annum (p.a.) when the price of crude oil exceeds US$50/bbl. 

Nicaragua joined Petrocaribe in 2007 with a quota of 27,000 bpd; Honduras joined in 

January 2008 with a 20,000 bpd quota. Guatemala joined in July 2008 and Costa Rica 

applied for admission in late 2008. Panama and El Salvador are the only countries in the 

region that currently are not part of the Petrocaribe Agreement.  

Table 6 

Central America Petroleum Bill (US$ Million) 

 

*/ Preliminary, as reported in newspapers 
                             

 

28. The percentage of fuel consumption specific to electricity generation in the region 

has grown from 7 percent of total fuel consumption in 1990 to 20 percent in 2007, 

1990 1995 2000 2005 2007 2008 *
Growth 

/00-/08

Petroleum import 

Central America 1,106 1,562 2,960 5,643 8,450 11,126 276%

Costa Rica 191 259 455 998 1,440 2,091 360%

El Salvador 153 264 520 906 1,288 1,500 188%

Guatemala 278 365 739 1,546 2,422 2,819 281%

Honduras 153 205 359 833 1,261 1,897 428%

Nicaragua 117 131 278 524 809 954 243%

Panamá 214 338 609 836 1,230 1,865 206%

Share of total exports (%)

Central America 11% 8% 10% 14% 17%

Costa Rica 10% 6% 6% 10% 11%

El Salvador 16% 13% 14% 20% 23%

Guatemala 18% 13% 16% 23% 28%

Honduras 15% 12% 9% 15% 22%

Nicaragua 30% 21% 25% 27% 30%

Panamá 5% 4% 8% 8% 9%

Share of GDP (%)

Central America 4% 3% 4% 6% 8%

Costa Rica 3% 2% 3% 5% 6%

El Salvador 3% 3% 4% 5% 7%

Guatemala 4% 2% 4% 6% 8%

Honduras 5% 5% 5% 9% 12%

Nicaragua 12% 4% 7% 11% 15%

Panamá 4% 4% 5% 5% 7%

Source: CEPAL, Ibstmo Centroamericano, Estadísticas hidrocarburos, 2007. 

GDP. WDI of World Bank 
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equivalent to an annual rate of growth of 12.7 percent, due to the increase in thermal 

generation primarily using residual oil. The use of diesel oil for power generation declined 

substantially from 52 percent (of fuel consumption for power generation) in 1995 when 

diesel oil was used by gas turbines and diesel engines, to 17 percent in 2007. Consumption 

of gasoline and diesel oil, used mostly in transport, grew during the same period at           

5.5 percent p.a. and represented about 56 percent of total fuel consumption or 70 percent of 

consumption, excluding fuels for power generation in 2007. On the other hand, 

consumption of LPG increased at an annual rate of 7.2 percent (see Table 7). 

Table 7 

Central America Consumption Petroleum Products (Thousand Barrels) 

 

Source: CEPAL-Istmo Centroamericano-Estadísticas hidrocarburos 2007 

 

29. El Salvador, Guatemala and Nicaragua have decided to deregulate fuel prices, with 

the exception of LPG, in their domestic markets. In addition, these countries have 

established procedures to regularly publish information about prices charged at the pump 

station by distribution companies and the import parity prices for all fuels. Costa Rica and 

Honduras currently regulate wholesale and retail prices based on import parity criteria 

formulas. Panama only regulates wholesale prices based on import parity criteria, but in 

September 2008, the Consumer Protection Authority established a cap on prices for fuels at 

the pump station as well. 

30. In all of the countries of the region except Costa Rica, any qualified and licensed 

company can import, distribute, transport and sell fuels. In Costa Rica the state-owned 

company Refinadora Costarricense de Petróleo (RECOPE) has monopoly rights for 

importation, refinement and wholesale distribution of crude oil and petroleum products at 

regulated prices. In the other countries of the region at least eight companies participate in 

these activities,
2
 and the multinational oil companies play a significant role. For example, in 

                                                 
2
 In Panama, eight fuel storage terminals operate in Free Zones that are not included in the CEPAL statistics. 

Subtotal GLP Gasoline Kero/Jet Diesel Fuel oil Others Subtotal Diesel Fuel oil Others

1990 38,470 35,666 2,982 9,861 2,922 14,562 4,792 548 2,804 552 2,141 110

1995 64,794 51,015 4,662 15,809 3,745 20,156 5,823 820 13,779 7,125 6,543 111

2000 78,132 65,936 6,961 21,444 4,616 25,967 5,472 1,476 12,196 2,324 9,871 n/a

2001 83,413 68,220 7,108 22,075 4,476 27,296 6,054 1,211 15,193 2,896 12,297 n/a

2002 85,717 69,858 7,571 23,228 4,319 28,356 5,231 1,154 15,859 3,463 12,396 n/a

2003 91,953 73,056 8,033 23,173 4,291 29,763 6,017 1,779 18,896 3,923 14,973 n/a

2004 94,253 77,362 8,488 23,760 4,901 30,418 6,961 2,833 16,891 2,392 14,499 n/a

2005 94,891 77,239 8,775 23,571 5,145 31,319 5,435 2,996 17,652 1,081 14,673 1,898

2006 99,219 80,027 9,090 24,067 5,308 31,862 6,776 2,924 19,193 1,912 16,769 512

2007 108,417 86,911 9,737 26,150 6,069 34,328 7,488 3,139 21,506 3,567 17,939 n/a

1990 100% 93% 8% 28% 8% 41% 13% 2% 7% 20% 76% 4%

1995 100% 79% 9% 31% 7% 40% 11% 2% 21% 52% 47% 1%

2000 100% 84% 11% 33% 7% 39% 8% 2% 16% 19% 81% 0%

2007 100% 80% 11% 30% 7% 39% 9% 4% 20% 17% 83% 0%

TOTAL
Consumption Electricity generation
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the case of El Salvador and Nicaragua, the multinational oil company also operates the 

refinery. In all of the countries except Costa Rica, the thermoelectric generators can directly 

import fuels to be used by electricity generators that supply energy to the public grid. In the 

countries that have deregulated the prices of petroleum products, there is a risk that the 

scope of competition in small markets with an oligopoly structure in wholesale activities 

will be limited (see Table 8). 

Table 8 

Central America Importation and Refining of Petroleum Products (Market Share) 

 

Source: Istmo Centroamericano, Estadísticas de hidrocarburos, 2007 

 

31. All of the countries in the region except El Salvador have simplified the structure of 

taxes and duties applied to the distribution and sale of petroleum fuels. Costa Rica, 

Guatemala, Honduras, Nicaragua and Panama currently apply fuel taxes denominated in 

US$/volume or local currency/volume for each fuel (premium and regular gasoline, diesel 

oil, bunker, kerosene, LPG, etc.). El Salvador imposes a combination of ad valorem taxes 

and fixed taxes. In all of the countries except Costa Rica, fuels used in power generation for 

public service are exempted from paying taxes. Panama and El Salvador have established a 

substantial subsidy to LPG distributed in small cylinders whereas Costa Rica and 

Guatemala tax and do not subsidize LPG (see Table 9 and Table 10). 

32. At regional level, El Salvador, Guatemala and Panama had the lowest fuel taxes per 

volume in February 2009. Fuel taxes ranged from US$0.60 to US$0.80/gallon for regular 

gasoline and US$0.30 to US$0.50/gallon for diesel oil. Costa Rica had the highest fuel 

taxes at approximately US$1.5/gallon for regular gasoline and US$1.0/gallon for diesel oil 

(see Table 9). 

Total

% No. % No. % No. % No. % No. % No. %

Total 100% 17% 16% 26% 18% 10% 15%

Multinational 44% 0 0% 3 75% 2 19% 2 37% 1 65% 3 94%

Esso 18% 0 0% 1 40% 1 15% 1 8% 1 65% 1 1%

Shell 4% 0 0% 1 17% 0 0% 1 7% 0 0% 1 12%

Chevron-Texaco 22% 0 0% 1 17% 1 4% 1 22% 0 0% 1 81%

National 56% 1 100% 5 25% 9 81% 6 63% 7 35% 1 6%

Large 46% 1 100% 3 11% 6 59% 5 51% 4 29% 1 6%

Oil companies 38% 1 100% 1 7% 3 52% 1 24% 2 22% 0 0%

Power generators 8% 0 0% 2 4% 3 7% 4 28% 2 8% 1 0%

Small 10% 0 0% 2 15% 3 22% 1 11% 3 5% 0 0%

PANCR ES GUA HDS NIC
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Table 9 

Central America Fuel Prices and Taxes (US$/gallon) 

 
                         

                         

 

Table 10 

Central America LPG Prices and Subsidies 

Cylinder of 25 Pounds 

 

                     

 

33. Conclusions. The oil subsector in Central America appears to be well functioning, 

with no significant disruptions in supplies largely due to a pricing policy that allows 

international prices to be reflected at the pump. The difference in price levels among such 

close neighbors could potentially lead to the risk of smuggling, but this does not appear to 

be a significant issue. Price adjustments in line with changes in the international market 

rates for oil products seem to have been accepted by customers without any serious 

opposition. This reaction is in sharp contrast to customers’ response to changes in 

electricity prices where the underlying costs are perceived to be more controllable. 

 

 

CR ES GUA HDS NIC PAN

Gasoline - regular

Price at pump 2.9 2.4 2.6 2.6 3.0 2.1

Taxes 1.5 0.7 0.8 1.0 0.7 0.6

% a/ 106% 43% 48% 61% 31% 39%

Diesel oil

Price at pump 2.9 2.3 2.3 2.4 2.6 2.0

Taxes 1.0 0.5 0.4 0.6 0.5 0.3

% a/ 52% 30% 23% 33% 26% 14%

GUA ES HDS NIC CR PAN

Import parity price 13.1 14.0 11.9 11.9 17.4 n/a

Subsidy 0.0 -10.7 -2.1 0.0 0.0 n/a

Taxes 1.6 0.6 0.7 0.0 1.5 0

Retail price 14.6 5.1 10.6 11.9 18.9 4.37

Source: Comisión técnica del petróleo - Honduras, revised in the case of Costa Rica 

(ARESEP) 

*/ Tax as percentage of price (before taxes). 

Source: MEM Guatemala, Estadísticas petroleras week Oct 24-28, 2008 (except 

Panama) 
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CHAPTER FOUR 

DOMESTIC ENERGY RESOURCES 

 

 

34. This section discusses the evolution in the use of renewable energy (biomass, hydro, 

wind and geothermal) in Central America from 1990 to the present. It highlights trends and 

assesses the renewable energy component of current regional energy expansions plans. The 

analysis is primarily focused on the incorporation of renewable energy sources in the power 

subsector, but it also includes an analysis of biomass and other types of domestic energy. 

BIOMASS IN CENTRAL AMERICA 

35. Biomass is an important energy input in the less-developed countries of the region, 

but its continued use, particularly in the domestic subsector, poses serious health problems 

and has consumption externalities including deforestation. In fact, firewood use is a good 

indicator of development in the rural sector. For example, as shown in Table 2, Costa Rica, 

El Salvador and Panama, which are more developed countries, have low participation rates 

of firewood in total primary energy supply, between 15 and 21 percent, whereas in the 

lesser-developed rural areas of Guatemala, Honduras and Nicaragua, the countries have 

high participation rates, between 44 and 49 percent. 

36. There are two distinct positions on the question of biomass use in the region. On the 

one hand, biomass is a traditional energy source which is still used extensively in rural 

areas; and on the other hand, it comprises the production of residues in sugar mills or other 

industrial facilities that could otherwise be used as feedstock for the production of 

electricity. During the past few years there has been an increase in the use of agricultural 

residues such as rice and coffee hulls as a substitute for oil products, but the main     

biomass-related input for electricity production has been, and continues to be, bagasse from 

sugarcane. 

37. Chapter II (Energy Sector Overview) illustrated that imported oil comprised the 

largest share of the various fuel types that make up total primary energy supply. An 

alternative viewpoint is to focus on primary energy production; in this case, oil 

participation is negligible and biomass accounts for the majority of the domestic energy 

production—around 67 percent for the region—as shown in Table 11. 

Table 11. Primary energy production (2007) 

 
Source: Modified from OLADE data (Costa Rica and Panama), 2007. 
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38. Distribution of biomass consumption. Table 12 shows how biomass is consumed 

within different subsectors. In general, biomass is primarily consumed in the residential 

subsector, with the exception of Costa Rica and Panama where there is significant 

industrial/commercial consumption. 

Table 12. Final consumption of biomass by subsector 

 

Source:  Based on the National Energy Balances of Each Country, 2008. 

 

39. The residential subsector: the case for modern energy. In most countries in the 

region, a sizable portion of consumption in the residential sector is still based on biomass, 

as shown in Table 13. 

Table 13. Residential consumption of energy (kboe) 

 

  Source: Extrapolated based on the National Energy Balances of each country. 

40. The predominant use of biomass in the residential sector, as illustrated in Table 13, 

poses a number of concerns. In particular, biomass is generally consumed by inefficient 

hearths, it poses a health hazard associated with cooking fumes, and it entails a costly 

collection effort usually associated with women’s labor. 

Type of Energy Guatemala El Salvador Honduras Nicaragua Costa Rica Panama Total

Biomass           25,678.00             9,744.00    11,228.00       9,759.00          4,856.00     3,656.00       64,921.00 

Modern Energy           25,500.00           14,073.00    15,680.00     11,475.00        21,187.00   15,192.00     103,107.00 

Biomass % 50.17% 40.91% 41.73% 45.96% 18.65% 19.40% 38.64%
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41. An initial response to this issue has been to develop and disseminate improved cook 

stoves with higher efficiencies. However, this is not a sustainable solution because it only 

partially addresses the issues associated with health hazards and collection costs. 

Disseminating LPG equipment instead would potentially provide a more sustainable,    

long-term solution to these issues, but the transportation and distribution costs of this 

option, particularly in rural areas, make this policy cost-prohibitive. 

42. Given its large potential for positive externalities by substituting firewood,        

well-targeted subsidization of modern energy should be encouraged. Targeting can be 

achieved by subsidizing the initial costs and eventually the recharging of small LPG 

cylinders: 15 lbs. or less, the size that tends to be favored by the poor. Moreover, targeted 

subsidies can be geographically controlled by limiting them to certain rural areas. 

43. Biomass for power generation. The majority of power generation from biomass is 

associated with sugarcane bagasse, a seasonal fuel. There are also much smaller levels of 

bagasse from palm oil. Most of the power generation from bagasse is consumed within the 

existing sugar mill from which it is produced, but a small portion is supplied to the power 

grid, as shown in Table 14. 

Table 14. Power supply with biomass–Central America 2007 (GWh) 

 
  Source: Calculations based on ECLAC and national energy balances, 2007. 

 

44. The amounts provided to the power grid (net generation) are negligible in terms of 

total power supplied by the grid. Although existing bagasse-generation facilities could 

supply electricity to the grid in the off-season using heavy fuel oil (HFO) or distillate      

(for emergency situations), the use of biomass is not predicted to be significant for power 

generation in the long term. Although the overall supply level is small, bagasse could be 

significant during times of drought or periods of tight reserve. Therefore, an incentive to 

have bagasse plants operate with fuel oil to mitigate emergency situations during            

off-seasons when no bagasse is readily available should be encouraged. Regulatory 

measures to incorporate this generation could easily assist countries in the region. 

HYDRO, WIND AND GEOTHERMAL 

45. Domestic alternative power generation resources. Central America has an 

enormous untapped renewable energy generation potential, the largest share of which is 

comprised of hydroelectric generation. The hydroelectric potential in the region is 

estimated to be approximately 25,000 MW, of which only about 4,000 MW or 16 percent 

were contributed to installed capacity in 2007. Costa Rica, Guatemala and Honduras have 

about 70 percent of the hydro potential in the region. The development of this potential 

faces many challenges, including high investment costs (usually over US$2,500/kW) as 

compared to projects in South America (in the range of US$1,500/kW), various significant 

social and environmental impacts associated with many projects (protected areas, displaced 

population, etc.) and substantial, difficult-to-manage development risks for private 
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investors. However, all of the countries in the region are considering increasing the 

development of new hydroelectric capacity as an alternative option for reducing their 

dependence on imported oil (see Table 15). 

46. The geothermal potential in Costa Rica, El Salvador, Guatemala and Nicaragua is 

moderate (less than 1,000 MW in each country). El Salvador and Costa Rica have been the 

most active in developing geothermal. A capacity of about 500 MW is being considered in 

the generation expansion plans of most of these countries, except Nicaragua which is 

planning for approximately 300 MW. The viability of these plans in most cases will depend 

on the results of further resource evaluation studies. Although the potential of geothermal, 

wind and even biomass generation may be great, the available information on these 

resources is largely incomplete and unreliable. That being said, about 500 MW in wind 

power and 200 MW in bagasse generation projects are being considered for development in 

the regional expansion plans (see Table 15 below). 

47. Until 1990, Central American countries harnessed their considerable hydrological 

resources to generate most of their electricity. In fact, renewable sources drove 91 percent 

of power generated in 1990 in Central America, although there was variation among 

countries. Costa Rica and Honduras relied on renewables for 99 and 100 percent, 

respectively, while Nicaragua had the lowest rate of renewable use in the region, at           

61 percent. To meet the rapid growth of electricity demand, the volume of electricity 

generated more than doubled from about 14,500 GWh in 1990 to 38,000 GWh in 2007 and 

installed capacity grew proportionally from 4,009 MW to 9,486 MW over the same period. 

48. Over the next period of almost 20 years, twice as much fossil-fuel-based new 

generation capacity was built as capacity derived from renewable resources. Hydropower is 

the only technology that could have provided large capacity increases in response to 

demand, but as illustrated in Figure 6 (Section V), growth in hydropower (in blue) did not 

keep pace with growth of diesel-based capacity (in gray). This trend led to a sharp decline 

in the share of energy generated from renewable sources and a growing reliance on 

hydrocarbons for electricity generation in all of the countries in the region. 

49. Although many opportunities to develop energy from renewable sources lie in the 

development of smaller plants, the focus is essentially on plants larger than 150 MW in an 

effort to seek out opportunities for rapid change in the generation mix and contribute to the 

regional integration of the Central American energy sector. This explains the concentration 

on hydropower and the recommendation that an in-depth feasibility and risk assessment be 

undertaken of the larger hydropower plants contained in the Regional Expansion Plans 

compiled by the Comité de Electrificación de América Central (CEAC). 
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Table 15 

 

Source: ICE, Electric Expansion Plan 2008-2021, September 2007.  

Central America

Renewable generation potential

(MW)

Costa Rica El Salvador Guatemala Honduras Nicaragua Panama CA

Hydroelectric

Gross 25,500 N/A 10,900 N/A N/A N/A

Capacity 6,633 2,165 5,784 4,991 1,760 3,282 24,615

Comments
About 2800 MW are 

located in national parks 

and indian reserves.

Includes binational 

projects: El Tigre (704) 

with Honduras, and La Paz 

River (138 MW) with 

Guatemala 

111 projects, includes 

about 1,000 MW in 82 

small and medium 

projects

Includes about 1400 MW 

in small hidro projects 

(<30 MW)

Includes about 150 MW in 

small projects (<30 MW)

About 138 projects 

according to COPE records

About 2100 MW in 15 

projects, including Pirris 

(128), Pacuare (167), 

Reventazón (300), 

Guayabo (234) and Diquis 

(622)

About 330 MW:  Chaparral 

(66) and El Cimarrón (264).

About 2600 MW in 29 

projects, including Xalala 

(181), Serchil (135), Chulac 

200) and binational 

projects, Usumacinta (800) 

and Paz River (70)

About 820 MW in 6 large 

projects and 44 mW in 

small private projects 

About 400 MW in 9 

projects, including 

Larreynaga (17), Boboké 

(70), and Tumarín(160)

About 740 MW in 14 

projects: Changhinola (223 

), Baitún (86), El Alto (60) 

and others

Installed (2007) 1,408 483 703 520 98 847 4,059
% utilized 21% 22% 12% 10% 6% 26% 16%

Geothermal

Gross 856 1,000 N/A 1,500 N/A

Usable 257 500 N/A N/A about 12 geothermal fields N/A

About 70 MW, including 

Las palmas (35)

About 90 MW in 3 

projects: 2 existing fields 

and Chinameca (50)

Tacuanburro (44) 0

About 300 MW in 6 

projects: San Jacinto (66), 

El Hoyo (60), Chiltepe (60), 

and others

0

Installed (2007) 159 189 36 0 40 0 424

Wind

Gross 600 N/A 7,800 N/A 800 3,700

Usable 274 Evaluation in progress Evaluation in progress N/A N/A N/A

20 MW in one project 0 0
100 MW in one project by 

Mesoamerica Energy
40 MW (Amayo project)

About 350 MW in three 

projects: Santafé (81), 

Toabré (120) and Mendoza 

(150)

Installed (2007) 66 0 0 0 0 0 66

Biomass 

Gross 318 N/A 700 N/A

Usable 95 N/A
N/A.  Substantial activity 

by sugarcane industry

N/A.  Substantial activity 

by sugarcane industry
200 N/A

5 MW, 1 bagasse project 25 MW, bagasse project
50 MW, Costa Sur 

sugarcane project

124 MW , including a 110 

MW bioenergy project
0 0

Installed (2007) 10 66 276 68 100 0 520
ICE, Plan de expansión de 

la generación eléctrica 

2008-2021, Sept/07

OLADE: hydro potential. 

MINEC: geothermal
INDE and MEM ENEE MEM COPE and ETESA

U
s
a

b
le

Considered in generation 

expansion plans

Considered in generation 

expansion plans

Considered in generation 

expansion plans

Sources

Considered in generation 

expansion plans
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50. This section proposes a methodology to screen large-scale renewable energy 

projects. Such a screening process could facilitate the establishment by regional bodies of a 

regional priority investment plan for renewable energy based on a short list of bankable, 

socially and environmentally sound renewable energy projects, from which considerable 

social, environmental and economic benefits could be derived. It is important to conduct 

some level of screening to identify the most promising opportunities to develop sizeable 

renewable energy sources that could potentially have a structural impact on the typology of 

the generation mix of the Central American region. 

51. This study does not dismiss or minimize the benefits that could be derived from the 

development of a series of smaller plants using renewable resources (geothermal or wind 

power, for example). However, the feasibility of such an approach is beyond the scope of 

this work. The study does recommend a more in-depth analysis of opportunities for the 

development of geothermal resources by Central American countries; the World Bank’s 

study of this issue has already begun. Solar technologies are recognized as promising. 

Nevertheless, it must be recognized that their contribution to a substantial shift in 

composition of the generation mix will depend on its improved commercialization and on 

continued improvements in the technology itself in order to lower the price to make it more 

cost-competitive. 

STATUS OF RENEWABLE ENERGY RESOURCES TODAY 

52. By 2007, 31 percent of the installed generation capacity of Central America relied 

on fossil fuels. Some countries were more successful in maintaining a greater share of 

renewables in their generation mix. With a state-owned, vertically integrated power 

company, a clear policy for the development of renewable power, and cost-competitive 

hydroelectric generation projects, Costa Rica maintained above 87 percent of renewable 

energy in its energy matrix throughout the period. In contrast, the share of renewable 

energy in Honduras’s mix dwindled from 100 percent to 37 percent, due in large part to the 

country’s need to mobilize private investments to finance generation projects. Private 

investors have favored installing fossil-fuel-based generation due to lower costs, short-term 

returns on capital investment and lower construction risks when given a choice of 

technologies to install in response to a call for bids. Most of the region’s countries with 

unbundled electricity markets have seen the proportion of renewable energy in their 

generation mix fall substantially. Over the past 20-year period, the share of energy from 

renewables has dropped from 90 percent to 55 percent in the region as a whole. The share 

of diesel generation increased substantially in all of the countries except in Costa Rica and 

Panama which developed hydroelectric and gas turbines or steam thermal plants in the 

2000s. 

53. Although increases in fossil-fuel-based generation capacity have allowed 

governments to respond with haste to rising demand levels over the past few years, changes 

in the generation mix have made Central American countries increasingly vulnerable to oil 

price shocks. As a result, in 2007 and 2008 when oil prices were spectacularly volatile, 

some countries faced increases in generation costs, representing up to three percent of 

GDP. During this two-year period, countries became increasingly aware that exposure to oil 

price volatility presented considerable macroeconomic and energy security risks and could 
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potentially threaten social stability, the governments’ ability to provide basic health and 

education services, and sustained economic activity. 

54. In addition, countries in the region have become increasingly receptive to arguments 

that detail the economic and other benefits of green technologies and to the economic and 

security benefits of reducing their exposure to oil price shocks. Many countries have begun 

implementing energy efficiency programs that aim to decrease costs of oil imports and of 

developing new generation capacity. Soaring oil prices in 2008 increased the urgency to 

search for alternatives to reduce oil dependence and renewed the world’s interest in the 

development and use of renewable resources to power economies worldwide. Although oil 

prices have since come down, their long-term trend still points upward and many analysts 

believe that this trend is likely to hold in the absence of the announcement of large-scale, 

newly discovered reserves. These changes have led to a new impetus for regional 

cooperation around the development of renewable, as discussed below. 

RENEWABLE ENERGY POLICIES 

55. Many countries in the region have created legislation to encourage development of 

renewables and some have established separate policies to specifically promote biofuels 

and geothermal energy. However, policy coverage is diverse and ranges from progressive 

countries such as Costa Rica which intends to be the first carbon-neutral country by 2021 

and has policies to cover all types of renewables, to Panama which has neither a geothermal 

nor a general renewable energy (RE) policy in place. Generally, renewable energy policy 

making is mandated by different ministries instead of a single government agency. This is 

largely because, as a result of the power sector reforms that each Central American country 

carried out separately and differently, some countries have lost their previous capacity for 

energy planning. 

56. At regional level, the Energy and Environment Partnership (EEP) with Central 

America was launched during the 2002 UN World Summit on Sustainable Development in 

Johannesburg, South Africa. This partnership now involves 31 European and 38 Central 

American companies and institutional stakeholders and was founded with a seed 

investment of €8 million provided by the Ministry for Foreign Affairs of Finland through 

the Sistema de la Integración Centroamericana (SICA) and the Comisión Centroamericana 

de Ambiente y Desarrollo (CCAD). The program was originally intended to last six years 

from 2003 to 2009 and is run as a joint effort of the Ministries of Environment and Energy 

of the Central American countries in conjunction with the Government of Finland. The 

Government of Austria also contributed €1.8 million for the incorporation of the Austrian 

Development Cooperation in 2007. The organization has received additional financing for 

phase three of its work which will last from 2010 to 2012, but at this time there is limited 

information available about what priorities the next phase will entail. The group has held 12 

regional forums and has identified 160 potential renewable energy pilot projects.
3
 

                                                 
3
 Based on the limited information available, most of these projects are small in size; not all of them are 

oriented for power generation. For example, four geothermal energy-related projects are included, two of 

which deal with harvesting heat from geological wells for productive use; one project in Guatemala has been 

developed by the private sector and is in operation; the other in Panama is still in the concept stage. 

http://www.sica.int/ccad/
http://www.sica.int/ccad/
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57. With the support of the Ministers of Energy and Environment of the region, SICA 

has designed the Central American Sustainable Energy Strategy for 2020 and the 

corresponding Matrix of Actions, whose goal is to ensure the quantity and diversity 

necessary to make certain that the Central American energy supply provides the foundation 

necessary for sustainable development, taking into account social equity, economic growth, 

governance and compatibility with the environment, in accordance with international 

environmental commitments.  

58. The specific goals of the 2020 Strategy are to: 

 Reduce the demand for oil products; 

 Reduce dependence on imported energy sources; 

 Improve efficiency and promote the rational use of energy on both the demand 

and supply sides; 

 Incorporate new technologies and less-polluting energy sources; 

 Increase the access of low-income and isolated populations to services; 

 Mitigate the effects of use and energy production on the environment; and 

 Develop power projects with natural resources compatible with the environment 

and human settlements. 

A. REGIONAL POLICIES 

59. The framework for a regional energy policy is outlined by CEAC in its power 

expansion plan, which was developed in April 2007. The main conclusions of the study are: 

 It is of strategic interest to the region to stimulate the development of renewable 

sources, including hydro and geothermal energy, because overall this would 

yield more economical results and would reduce the emission of greenhouse 

gases. 

 Hydroelectric plants require more capital to initially meet the high investment 

costs, but in the long run the savings achieved in operating costs would reduce 

the total project cost. 

 Increased renewable energy use reduces countries’ exposure to the price 

volatility of petroleum products. 

 The region will require the addition of the largest possible amount of renewable 

energy and the introduction of alternative fuels to oil, such as coal or natural 

gas, in order to operate large regional plants. 

 The introduction of large regional coal plants should be preceded by the 

development of strict environmental regulations to be adopted by all the 

countries. 
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60. On November 13, 2007, the different ministers of the six Central American 

countries signed a declaration taking into account the abovementioned principles and 

adding a common goal related to the need for strengthening the electricity market’s 

integration through SIEPAC. 

61. In February 2005, the Ministers of Energy and Environment of Central America 

signed the ―Declaration of San Pedro Sula‖ to agree to collectively define an integrated 

view on the common principles of the Alianza para el Desarrollo Sostenible de 

Centroamérica (ALIDES), politically supporting the promotion of RE in Central America. 

The Declaration initiated the Executive Secretariat of CCAD which, together with ECLAC 

and BCIE, supports the promotion of renewable energy in the region. In February 2006, the 

Ministers of Environment and Energy signed the ―Declaration of San Salvador‖ to promote 

the sustainable energy efforts of Central America. 

62. At regional level, as described above, some principles to promote renewable energy 

have been agreed upon. However, these agreements are quite general and do not include, 

for example, clear procedures and/or responsibilities for defining specific targets for 

increased capacity or energy types that might displace fossil-based generation in the near or 

long term, a methodology for evaluating the externalities related to fossil-fuel use, 

regulations for the elimination of entry barriers, or practical instruments to develop and 

expand renewable power generation (wind, solar, geothermal or hydropower). 

B. COUNTRY POLICIES 

63. Country-level renewable energy policies are similarly vague. Local authorities have 

included broad frameworks to encourage renewable energy in their power expansion plans 

but have not included specific action plans to get renewable energy generation to their 

respective national grids in a practical manner. A summary of the principles adopted by 

each country is presented in the box below. 

64. Even though there is no specific renewable energy policy in each country, all of the 

countries have the same goals of ensuring power supply, and future solutions will include 

the construction of new hydropower plants and other renewable sources. 
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IDENTIFYING AND EVALUATING RENEWABLE ENERGY PROJECTS 

65. This section identifies and evaluates proposed renewable energy projects that can 

potentially (i) contribute to a substantial shift in the regional energy matrix toward 

renewable energy and (ii) promote regional integration
4
. 

                                                 
4
 The analysis in this section was carried out based on the information available from the national expansion 

plans as of January 2009. 

Countries’ Renewable Energy Principles 

1. In Panama, the state-owned company Empresa de Transmisión Eléctrica (ETESA) is in charge of 

defining the power and transmission expansion plan, in line with the energy policy that is approved by 

the Comisión de Política Energética (COPE). According to Law 6, enacted in 1997, COPE has stated 

that ―the proposed projects should be technically, environmentally, financially and economically viable, 

and that the electricity demand should be covered taking into account an efficient use of energy 

resources.‖ In addition, COPE issued two resolutions (4001 and 4002) in 2004 to promote the 

construction of hydroelectric and wind power plants. 
 

2. In Costa Rica, the state-owned company Instituto Costarricense de Electricidad (ICE) is in charge 

of developing the power expansion plan, in accordance with the energy policy included in the national 

development plan approved by the government. As a result, every four years when the government 

changes, the national development plan changes; therefore, the country’s energy policy changes as well. 

The current power expansion plan (developed at the end of 2007) includes the following energy policy: 

―Energy will be used to strengthen the national economy and to promote the greater well-being of the 

people; the development of power generation will be based on renewable resources; power projects will 

properly handle environmental and social aspects to ensure sustainable development.‖ 
 

3. In Nicaragua, the Ministry of Energy and Mines (MEM), created in January 2007, is in charge of 

producing the development strategies for the national electricity sector. MEM, rather than the Comisión 

Nacional de Energía (CNE), is now in charge of developing the power expansion plan. MEM has been 

periodically updating the expansion plans for electricity generation. One of the central objectives 

pursued by the Nicaraguan energy policy is the transformation of the energy matrix, drastically reducing 

the current share of fossil fuels and aiming to rely predominantly on renewable sources. The 

government expects that by 2017 between 95.2 and 98.1 percent of the estimated demand will be 

supplied with renewable sources. 
 

4. In Honduras, the Empresa Nacional de Energía Eléctrica (ENEE) has the legal mandate to 

prioritize renewable-based generation when determining the optimal expansion plan. The current power 

expansion plan incorporates several hydropower projects, small biomass power plants and one wind 

power plant. However, there is no definition of a clear, long-term energy policy. 
 

5. In El Salvador, the Consejo Nacional de Energía (CNE) was created in 2006. CNE analyzes the 

country’s energy situation and develops the power expansion plan jointly with the ETESAL 

transmission company. CNE seeks to shift new generation toward renewable energy and to modify 

consumption patterns toward a more efficient use of energy. The current power expansion plan 

identifies a geothermal potential of 183 MW and a hydropower potential of 351 MW. 
 

6. In Guatemala, the Ministry of Energy and Mines (MEM), through the Comisión Nacional de 

Energía Eléctrica (CNEE), is in charge of formulating the energy policy and of developing the 

indicative power expansion plan. MEM’s main objectives are to (1) diversify the energy matrix, 

including electricity generation with renewable sources and the optimal use of natural resources,         

(2) promote efficient power investments, (3) reduce generation costs, and (4) reduce CO2 emissions. 

Despite these defined objectives, MEM has no explicit energy policy that identifies specific targets.  
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66. Despite the lack of policy-based initiatives focused on renewables, most countries in 

Central America are planning to significantly increase the proportion of their future energy 

mix that will be based on renewables. According to the latest energy expansion plans of 

each country (which were respectively prepared in 2007 and 2008), Costa Rica, Nicaragua, 

and Guatemala plan to maintain a high share of renewables in their energy mix (87 percent, 

76 percent, and 63 percent, respectively). In Panama, the share of renewables would only 

be 41 percent (in part because its expansion plan does not include approximately 260 MW 

of new hydroelectric projects on the Changuinola River). In El Salvador, the participation 

of renewables would be very low (15 percent). In most cases, small coal-fired plants (200 

to 250 MW units) are selected, because the small size of the isolated national markets 

cannot support the development of large generation projects using liquefied natural gas 

(LNG). 

PROPOSED PROJECTS IN THE REGION 

67. Current power expansion plans include a total of 144 power projects, to be 

developed between 2008 and 2022, with a total capacity of 13,719 MW. Of these,             

55 projects are expected to be fossil-fuel based with an aggregate capacity of 6,173 MW. 

The remaining 56 percent, or 7,545 MW, of expected capacity would come from renewable 

sources. Figure 3 below illustrates the various energy projects proposed within each 

country’s expansion plan and the regional CEAC plan. National and CEAC regional 

expansion plans were the starting point for this analysis of potential energy investments. 

 

Figure 3. Energy projects in expansion plans 

32

Costa Rica: 34 Projects
11 Thermal: 24MW Pujol - to – 200MW Garabito
12 Hydro: 8MW Encanto - to - 622 MW Diquis
5 Biomass: 5MW Taboga – to – 8 MW Catsa
4 Wind: 50 MW each one Unknown
3 Geothermal: 35MW Pailas – to – 70 MW Unknown

Nicaragua: 10 Projects
2 Geothermal: 30MW (El Hoyo 1 & 2) 
8 Hydro: 24MW Pantasma -to- 350MW Copalar

Panama: 25 Projects
14 Thermal: 
34MW PanaTower -to- 250MW Gas Unknown
11 Hydro: 
10MW Sindigo - to - 223 MW Changuinola

Honduras: 24 Projects
8 Thermal: 100MW Coal -to- 300MW Diesel (Unknown)
6 Hydro: 19MW Tablon -to- 270MW Patuca 2
1 Wind: 60 MW Unknown
9: 2MW to 160 MW without identifying technology

El Salvador: 9 Projects
5 Geothermal: 
10MW Berlin-to- 54MW Chinameca
4 Hydro: 
24MW 15 de Septiembre -to- 261MW 
Cimarron

Guatemala: 42 Projects
13Thermal: 
32MW Zapaza -to- 600MW Unknown
28 Hydro:
10MW Izabal -to- 800MW Usumacinta
1 Geothermal: 44 MW Geo-I

Total: 144 

proposed projects
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ENSURING REGIONAL INTEGRATION 

68. For this analysis, only the medium and large renewable energy projects to be 

developed by state-owned companies (without concessions or binational agreements) were 

analyzed, for two main reasons. First, (i) in accordance with the overall goal of regional 

integration, large-scale renewables projects offer the highest potential for cross-border 

integration, and (ii) there is a need to scale up renewables quickly in order to offset the 

decline in Central America’s share of renewables over the past 20 years. In order to 

evaluate the list of projects, and considering the possibilities for regional integration, the 

proposed projects were categorized according to the following technologies: geothermal 

power, wind power and hydropower. 

69. Geothermal power. The Central American countries are part of the circum-Pacific 

―Ring of Fire‖ (see Figure 4). Volcanic activity in this area is generated by plate 

subduction, which gives rise to the heat source for geothermal systems. In the case of 

Central America, the source is the subduction of the Cocos Plate under the Caribbean Plate. 

70. Because of the relatively accessible geothermal fields, Central America had an 

installed capacity of around 500 MW of geothermal energy in 2008, equivalent to five 

percent of the region’s total power capacity. Most of the geothermal power is concentrated 

in El Salvador (204 MW) and Costa Rica (166 MW), followed by Nicaragua (105 MW) 

and Guatemala (44 MW). There are approximately 50 additional potential geothermal sites 

in the region, distributed as follows: Costa Rica (10), El Salvador (13), Guatemala (8), 

Honduras (6), Nicaragua (10) and Panama (5). 

71. Geothermal generation produced 3,131 GWh in 2008, with an average plant factor 

of 71 percent. However, the plant factors could be as high as 92 percent in El Salvador and 

79 percent in Costa Rica or as low as 43 percent in Nicaragua, where there is a lack of new 

wells to maintain production in existing fields. Geothermal plants produced 8 percent of the 

region’s energy in 2008. 

Figure 4 
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72. With the exception of Costa Rica, where ICE operates the largest geothermal plant, 

in general geothermal plants are primarily owned by private companies. Table 16A. 

Central America geothermal development provides summary information regarding the 

development of this resource in the region according to the stage of development of 

individual fields. 

Table 16A. Central America geothermal development 

 Guatemala Honduras El Salvador Nicaragua Costa Rica Panama 

Production 

Zunil 29 MW 
Amatitlán 20 MW 

 Ahuachapan 95 
MW 
Berlin 109 MW 

San Jacinto 
Tizate 10 MW 
Momotombo 77 
MW 

Miravalles 163 
MW 

 

Drilling Phase 

Tecuamburro 
Moyuta 

Platanares 35 
MW 

San Vicente 10–
20 MW 
Chinameca 25–50 
MW 

El Hoyo-Monte 
Galán 
Managua-Chiltepe 

Borinquen 
Las Pailas 
Tenorio 

 

Exploration 

Totonicapán 
San Marcos 

Isla El Tigre 
Azacualpa 
El Olivar 
Pavana 
Sambo Creek 
Est. 100 MW  

Santa Rosa de 
Lima 
Chilanguera 
Conchagua 

10 areas explored 
in 1960–1970 

Las Pailas 1960s 
Provincia 
Guanacaste 
1970s 

Valle de Antón 
Barú Colorado 
(exploratory 
drilling) 

Comments 
   Overall est. 

potential 1200 
MW 

Est. potential of 
around 900 MW 

 

 

73. There are several geothermal projects that could potentially scale up renewable 

generation in the various expansion plans. Table 17B. Potential geothermal projects 

enumerates the project possibilities. However, based on the available information, several 

of these projects are either already under construction or have reached financial closure. 

There was also no publicly available information for the Geo-1 project in Guatemala. 

Table 17B. Potential geothermal projects 

 

Source: Author’s Calculations. 

 

74. Wind power. The potential wind power projects identified within the expansion 

plans did not include any large projects to be promoted, based on the fact that most were 

either already under construction, had reached financial closure or only had a generic name 

Country Project
Commercial 

Operation

Capacity 

(MW)
Comments

Costa Rica Pallas 2011 35 Under construction by ICE

GeoHoyo 1 na 30
ENEL (Italy) has the concession - 

construction phase

Geo Hoyo 2 

(Cristóbal)
na 30

ENEL (Italy) has the concession - 

construction phase

La Casita na 100 Pre-feasibility study is not completed

San Vicente 2013 54 Developed by LaGeo

Chinameca 2014 54 Developed by LaGeo

Guatemala Geo- I 2022 75 Not available information

El Salvador

Nicaragua

Source: Author’s Calculations. 
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without identification, similar to the situation with the potential geothermal project review. 

Table 18 below lists the wind projects that were considered. 

Table 18. Potential wind power projects 

 

        Source: Author’s Calculations. 

 

75. Hydropower. According to CEAC’s definition (Chapter 4 of the CEAC Expansion 

Plan 2009, subsection ―Regional Projects‖), hydropower plants with a capacity over       

150 MW can be considered regional plants, because over 60 percent of the total energy that 

can be generated by hydropower in the region would be produced by plants of this size. 

This definition is illustrated graphically in Figure 5 below, where the x-axis orders the 

hydropower projects by size, and then illustrates that the cumulative sum of the capacity 

(MW) of all projects over 150 MW equals more than 50 percent of the total sum of all 

projects’ capacity. 

Figure 5. Cumulative hydropower plant capacity 

               Source: CEAC. Plan Indicativo Regional de la Expansión de Generación 2009–2022. April 2009. 

 

76. The y-axis on the left side of the graph is expressed in MW and the y-axis on the 

right side is expressed as a percentage of accumulated energy, which is a measure of 

demand or actual energy produced. The conversion between the two measures is done using 

assumptions about the plant factor, a technical measure of a project’s average production of 

energy per unit of time, for each project. 

77. Table 19 below shows the numerical breakdown of how many hydropower projects 

fall into each size category. 

Country Project
Commercial 

Operation

Capacity 

(MW)
Comments

Costa Rica Pailas 2011 35 Under construction by ICE

Nicaragua GeoHoyo 1 2009 30 ENEL (Italy) has the concession

GeoHoyo 2 2010 30 ENEL (Italy) has the concession

La Casita (Cristobal) na 100 Pre-feasibility study is not completed

El Salvador San Vicente 2013 54 Developed by LaGeo 

Chinameca 2014 54 Developed by LaGeo 

Guatemala Geo-I 2022 75 Not available information

Country Project
Commercial 

Operation

Capacity 

(MW)
Comments

Honduras Eolico 2010 60 Developed by Zond (private company & PPA)

Costa Rica Guanacaste 2009 50 Under construction by ICE

Eolico 1 2013 50 Generic name (without identifying)

Eolico 2 2014 50 Generic name (without identifying)

Eolico 3 2021 50 Generic name (without identifying)

Geothermal Power Potential

Wind Power Potential
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Table 19. Breakdown of hydropower projects 

 

 

 

78. Of these potential hydropower projects, 14 have a projected capacity greater than 

150 MW. Basic details about each of these projects are shown below: 

 

Table 20. List of 14 short-listed renewables projects 

 

79. Within this list of 14 projects, it is important to point out that the following two 

projects are unlikely to be developed due to potential negative environmental impacts and 

high costs: 

 El Tigre (El Salvador): Preparation of this project has been halted due to strong 

social resistance and unacceptable environmental impacts. 

 Barú (Panama): The unit cost (US$4,567/kW) is very high and, when converted 

to MWh, is outside the range of US$60 to US$85 per MWh used as a guideline. 

Name Country

Capacity 

(MW)

Average 

Energy 

(GWh/year)

Plant 

Factor

Reservoir 

(hm3)

Estimated 

Cost     

(USDMillion)

Unit Cost 

(USD/kW)

El Tigre ES 704 1815 29% 1404 1517 2155

Diquis CR 622 3000 55% 1646 1347 2166

Chulac GU 446 1765 45% 816 666 1493

Copalar NI 350 1276 42% 2517 808 2309

Reventazon CR 300 1412 54% 109 670 2233

Patuca 2 HO 270 1337 57% 924 685 2537

Cimarron ES 261 690 30% 500 674 2582

Savegre CR 200 734 42% 180 503 2515

Usumacinta GU 200x4 na na 0 na na

Xalala GU 181 866 55% 121 312 1724

Jicatuyo HO 173 667 44% 0 529 3058

Tumarin NI 160 770 55% 85 321 2006

Chan75 PA 153 813 61% 0 387 2529

Baru PA 150 657 50% 0 685 4567

Source:CEAC. Plan Indicativo Regional de la Expansion de Generacion 2007-2020. Abril 2007

CNEE (Guatemala). Plan Indicativo del Sistema de Generacion 2008-2022, for Usumacinta plants.

"Possible" Regional Hydroelectric Power Plants 

Capacity 

(MW)

Number of 

Projects

Total 

Capacity 

(MW) %

> 150 14 4170 66%

100 - 149 6 889 14%

50 - 99 13 907 14%

0 - 49 13 382 6%

Total 46 6348

Source: Own Elaboration using 2007-2008 power expansion plans from each 

country and CEAC Plan Indicativo Regional de la Expansión de Generación 

2007-2020. April 2009. 
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80. In addition, two other projects have reached financial closure with private firms: 

 Jicatuyo and Los Llanitos (Honduras): This project recently reached financial 

closure (Odebrecht, a Brazilian private firm). 

 Chan75 (Panama): This project recently reached financial closure (AES 

Corporation, an American private firm).
5
 

81. As a result, only 10 medium- and large-scale hydropower projects can be analyzed 

further to determine their development potential. Table 21 shows the remaining projects.
6
 

Table 21. Final short list of renewable projects 

CONDUCTING A RISK ANALYSIS 

82. Perhaps one of the most crucial aspects of identifying and evaluating potential 

renewable energy projects is to conduct a risk analysis based on several different 

dimensions: a) economic, b) technical, c) environmental and d) social. A preliminary 

analysis of the projects listed above could yield important information on the feasibility and 

likelihood of their completion in a specific time frame. Key elements of an initial risk 

analysis are described below. However, complete and detailed information on each project 

would be necessary in order to conduct a comprehensive risk analysis. 

83. A complete economic analysis should take a systematic approach to determine the 

opportunity costs of proceeding with any of the proposed projects. In terms of renewable 

energy, the analysis should focus primarily on the costs related to environmental impacts, 

including mitigation costs. An appropriate analysis of the trade-offs involved is also 

important. For example, hydroelectric power will reduce the aggregate carbon emissions 

leading to economic benefits of reduced pollution, but there is also the potential for 

hydroelectric projects to disrupt ecosystems and to cause caustic social costs. The analysis 

should then shift its focus to measuring the project’s impact on economic growth and on the 

                                                 
5
 However, as of June 22, 2009, this project has been halted due to protests from the Ngöbe Indian 

community. http://www.ens-newswire.com/ens/jun2009/2009-06-22-01.asp 
6
 According to Latin American Power Watch (July 8, 2009), Tumarin has reached financial closure with a 

Brazilian company. 

COUNTRY PROJECT

CAPACITY 

[MW]

ESTIMATED 

COST (US$ 

Million)

UNIT COST 

(US$/kW)

AVERAGE 

ENERGY 

(GWh/year)

PLANT 

FACTOR

Copalar (*) 350 808 2309 1276 42%

Tumarin 160 321 2006 770 55%

Honduras Patuca II 270 685 2537 1337 57%

Diquis (**) 631 1347 2135 3000 55%

Reventazon (***) 298 670 2248 1412 54%

Savegre 200 503 2515 734 42%

Guatemala Chulac 446 666 1493 1765 45%

Usumacinta 200 x 4 na na na na

Xalala 181 312 1724 866 55%

El Salvador Cimarron 261 674 2582 690 30%

Nicaragua

Costa Rica
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power sector (market structure, end-users tariffs, dispatch energy, transmission 

requirements, etc.) in a more conventional manner. 

84. A technical analysis of each project is necessary in order to assess its financeability. 

Reconnaissance, prefeasibility and feasibility studies offer detailed technical analyses. In 

the absence of such information, there is often basic information available that is useful in 

conducting a technical analysis. Specifically, key parameters include the type of dam, dam 

height (m), hydrological base (years) and size of underground structures (m). 

85. Conducting an environmental analysis for medium- and large-scale renewable 

energy projects is another crucial component of a comprehensive risk analysis. Hydropower 

projects in particular present notorious risks to the environment; these risks must be taken 

into account. Well-developed methodologies exist to assess such environmental impacts 

with a high degree of certainty. For example, this study leveraged the World Bank’s Good 

Dams Bad Dams methodology and the International Hydropower Association’s industry 

guidelines. Annex 4 includes a more comprehensive list of parameters that are used in  

best-practice assessments. Key factors are reservoir surface area (ha), basin area (km
2
), 

water retention time (days) and anticipated flooded area (ha). Flooding and disruptions to 

the river’s natural ecosystem are two of the main negative environmental impacts of some 

hydropower projects. 

86. Traditionally, the fourth and final aspect of a risk analysis—conducting a thorough 

social analysis—was often conducted incompletely or overlooked entirely. However, recent 

assessments have included key parameters to understanding the impacts of large-scale 

infrastructure on the social fabric of communities and livelihoods of affected people. Key 

parameters necessary to conduct such an analysis include the anticipated number of persons 

affected by the project, number of persons requiring resettlement, effect on local water 

supply, anticipated changes in land use, anticipated changes in the provision of social 

services, and affected cultural property (number and type). 

CONCLUSIONS 

87. The preliminary scoping exercise conducted in the context of this study has revealed 

that, beyond broader regulatory and policy recommendations for the promotion of 

renewables, several steps are still needed to promote the financing of renewable energy 

projects in Central America. These include: 

a) investing in in-depth feasibility studies for large-scale projects; 

b) making better information on projects and their feasibility to potential 

financiers, public and private alike, publicly available, preferably in a 

centralized manner; 

c) developing explicit action plans for the promotion and development of national 

and regional renewable resources, coupled with timelines and financing 

requirements; 

d) conducting a risk assessment scan for larger hydropower plants at an early stage 

of the investment decision process; such plans should appropriately focus on the 

plants’ impacts on people and their environment and should include open 

consultation mechanisms; and 
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e) assessing geothermal and wind resource potential in the region and identifying 

barriers to developing this potential. 

Regional-level coordination of efforts to undertake these steps could have significant 

benefits. Some specific recommendations with regard to the above are proposed here. They 

are not intended to be exhaustive or comprehensive. 

88. With respect to hydropower development, it is recommended that countries 

continue to develop and analyze potential projects for development but also cooperate with 

regional entities toward integration. 

 At country level, governments should work to gather and compile complete 

information regarding the economic, financial, technical, social and 

environmental aspects of projects. The availability of complete information is an 

important prerequisite for conducting a thorough risk assessment. One means of 

collecting comprehensive potential project information is through investments 

in feasibility and prefeasibility studies. 

 At regional level, it is recommended that a regional body (e.g., CEAC) conduct 

an independent scoping study that follows an outline similar to the one 

presented in this paper, identifying and assessing renewable projects in Central 

America that could potentially contribute to a regional integration initiative. The 

regional body should encourage the individual governments to pool their 

resources and information to assist in this effort. 

89. Further analysis should be conducted on geothermal development with an emphasis 

on paving the way to further private sector participation in the exploration and development 

of this energy source. In particular, the regulations of El Salvador and Costa Rica should be 

studied in order to replicate their success in other countries in the area, particularly 

Honduras and Panama. 

90. Social and environmental impacts should be analyzed from the onset of project 

preparation. This point cannot be underscored enough, especially with respect to       

large-scale renewable initiatives such as hydropower. Mitigation of negative social and 

environmental impacts can be conducted much more effectively before the project’s 

implementation, as opposed to after or concurrent with the project’s implementation. 
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CHAPTER Five 

SECTOR OVERVIEW: ELECTRICITY 

 

 

91. Government-related decisions impacting the power sector are of particular interest 

for a variety of reasons, including: (a) the presence in many countries of state-owned 

enterprises involved in all stages of the production process, (b) the large capital outlays 

demanded by investments in the sector to supply demand, (c) the absence of an 

international market for power to be used to address shortages, (d) the macroeconomic 

effects when supply and demand are not balanced, and (e) the lag between the decision to 

build power plants and the time they come on line. This section focuses on the following 

aspects of the power subsector: 

 the institutional organization; 

 supply and demand; 

 access; 

 efficiency as seen through the losses parameter; 

 costs and prices. 

92. Reforms. El Salvador, Guatemala, Nicaragua and Panama, like many other 

countries in LAC, implemented a market-oriented reform of the power sector in the late 

1990s to improve the quality, reliability and efficiency of electricity services, to improve 

the governments’ fiscal position and to increase affordable access to energy services for the 

poor. In order to achieve these objectives, the reforms promoted: (i) the separation of policy 

making, regulation and service provider roles, limiting the role of the State to policy 

making and regulation and relying on the private sector as the main investor and provider 

of electricity services; (ii) unbundling of former vertically-integrated monopolies into 

several generation and distribution companies and an independent transmission company; 

and (iii) the introduction of competition wherever possible and of economic regulation in 

the activities that are natural monopolies, as key instruments to improve economic 

efficiency. 

93. Honduras also tried to introduce a power sector reform along the same lines in the 

mid-1990s but did not unbundle the state-owned monopoly. As a result, the sector currently 

operates as a de facto single-buyer model in which the vertically integrated monopoly 

purchases the energy needed to meet demand growth under long-term power purchase 

agreements (PPAs) with private generators. Costa Rica has kept the state-owned vertically 

integrated model but has included the participation of some small cooperatives in the rural 

areas and the promotion of private investment in small renewable generation projects. 

Table 22A and 22B summarize the existing organization of the power sector in the different 

countries in the region. 

94. Power sector organization. Although there was a movement of power sector 

reforms in the 1990s, there were a number of differences in how these reforms were 

implemented among the countries in the region (Annex 1 contains a description of the 

national wholesale electricity markets). By 2007 the progress made in unbundling and 
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introducing competition and private participation in El Salvador, Guatemala, Nicaragua and 

Panama was mixed: 

a) Most of the countries kept a single state-owned transmission company that was 

responsible for expansion and operation of the national transmission grid after 

vertically unbundling. In Guatemala, there are three transmission companies but 

ETCEE, a subsidiary of the state-owned generation company INDE, controls 

more than 95 percent of the transmission grid. 

b) El Salvador, Guatemala and Nicaragua kept a state-owned generation company 

that controls approximately 35 percent of generation capacity, primarily through 

hydroelectric plants. 

c) In all of the cases, more than nine private generators participate in the wholesale 

power market and collectively own more than 60 percent of generation capacity. 

In El Salvador, wholly private ownership comprises 48 percent of generation but 

13 percent is under the control of a private-public mixed company (La Geo). 

However, market power is still a problem in the smaller markets, especially El 

Salvador and Nicaragua. 

d) Horizontal separation of distribution is limited in most cases by the small size of 

the markets and the results of the privatization process. In El Salvador, the AES 

group controls about 75 percent of the market through four distribution 

companies. In Nicaragua, the Unión Fenosa Group controls 93 percent of the 

market through two distribution companies. In Panama, two groups share the 

market. In Guatemala, three companies split the distribution market, two of 

which are owned by the Unión Fenosa Group. In these countries, the 

distribution business is in private hands. 

e) All of the countries have established conditions to facilitate retail competition. 

In Panama and Guatemala any consumer with a peak demand above 100 kW 

can select its electricity supplier and negotiate supply conditions as well as 

prices; in El Salvador, any consumer, regardless of size, has this right. In 

Nicaragua, consumers with peak demand above 2 MW have the right to select 

and negotiate with suppliers. However, development of retail competition has 

been modest in all of the countries except Guatemala, where it represents about 

36 percent of demand. This is in large part due to 37 large consumers that 

participate directly in the wholesale market and hundreds of smaller consumers 

that are served by traders. 

95. Even though state-owned monopolies control the power market in Costa Rica and 

Honduras, private participation in generation is important. This happens primarily through 

independent power producers operating under PPAs with the state-owned monopoly. Some 

36 private generators in Costa Rica serve about 16 percent of demand, while 30 in 

Honduras serve 68 percent of demand. 

96. The limitations imposed on competition by the small size of the national markets 

and the concentration of a few major players have been taken into account in the design of 

the wholesale markets in an attempt to control the exercise of market power. In all of the 
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cases, economic dispatch is centralized and based on audited variable costs,
7
 and the 

distribution companies are required to contract the supply of a substantial portion of the 

projected demand, using competitive bidding procedures. All of the countries agreed to 

develop a regional electricity market and are supporting the construction of the regional 

interconnection project—Sistema de Interconexión Eléctrica para América Central 

(SIEPAC)—that is expected to be commissioned in 2010. With the possibility of firm 

power transfers of up to 300 MW between countries, the development of the regional 

market will potentially increase the size of the electricity markets and facilitate competition 

and the entry of new players in the market. 

Table 22A 

 

                                                 
7
 El Salvador was the only exception: it allowed price bids but is migrating to a cost-based dispatch. 

COUNTRY Guatemala El Salvador Honduras Nicaragua Costa Rica Panama

Firts year of Reforms 1998 1997 1994 2000 1995 1998

Market environment       

Normative Entity MEM DGE GE & SERNA CNE (MEM) MINAET CPE

Regulator CNEE SIGET CNE INE ARESEP ERSP

System Operator AMM UT ENEE CNDC of ENATREL ICE CND of ETESA

Market Administrator AMM UT ENEE CNDC ICE CND

Transmission Company ETCEE ETESAL ENEE ENTRESA ICE ETESA

Vertical integration No Yes  sep. account. Yes No Yes No

Horizontal integration Yes Yes Yes Yes, less 25% Yes G 25%        D 50%

Industry structure

Market model Wholesale competition Retail competition Integrated Wholesale competition Integrated Wholesale competition

Generators 42 16 31 12 37 13

Transmissors 3 1 1 1 1 1

Distributors 17 5 1 5 1 3

Traders 14 11 0 0 0 0

Large Consumers 37 2 1 9 0 4

Wholesale market

Economic dispatch Cost Based Price Bids Cost Based Cost Based Cost Based Cost Based

Spot market price
SRMC with no T 

constraints

Average of prices 

based on bid prices of 

dispatched generators 

with T constraints

N.A.
SRMC with no T 

constraints
N.A.

SRMC with no T 

constraints

Capacity schemme Yes No N.A. Yes N.A. Yes

Capacity price Regulated Not applicable N.A. Regulated N.A. Market based

Long Term Contracts Competitive biding Negotiated N.A. Tender 80% Demand N.A. Tender 80% Demand

Contracts Financial Physical N.A. Financial N.A. Financial

Limit of large consumers 100 kW 0 kW 1000 kW 2000 kW N.A. 1000 kW

Transmission Charges 

Global remuneration

Annual revenues 

established for the 

national grid & O&M 

costs each 2 years

N.A. N.A.

Annual revenues 

established for the 

national grid & O&M 

costs each 5 years

N.A.

Annual revenues 

established for the 

national grid & O&M 

costs each 2 years

Tolls

Uninodal charges for 

the users (generation 

& demand): conection, 

maximum demand and 

use by tension level

Transmission 

congestion costs paid 

by involucrated agents

N.A.

Uninodal charges for 

the users (generation 

& demand): conection, 

maximum demand and 

use by tension level

N.A.

Conection and 

regional use of the 

system charges by 

MW (generation & 

demand) by tension 

level

Losses
Transmission losses 

pay by demand

Transmission losses 

pay by generators
N.A.

Transmission losses 

pay by demand
N.A.

Transmission losses 

pay by demand

Distribution Markets

Obligation for contracts Yes No N.A. Yes N.A. Yes

Pass through costs Contracts & Spot Spot N.A. Contracts & Spot N.A. Contracts & Spot

Distribution Charges VAD´s VAD´s N.A. VAD´s N.A. VAD´s

Retail Tariffs
Pass-through of 

efficient G-T-D costs 

Pass-through of 

efficient G-T-D costs 

Tariff schedule and 

adjustments

Pass-through of 

efficient G-T-D costs 
Cost plus methodology

Pass-through of 

efficient G-T-D costs 
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Table 22B 
 COSTA RICA HONDURAS NICARAGUA EL SALVADOR GUATEMALA PANAMA 

Name of 
market 

 
Nonexistent 

 
Nonexistent 

Mercado de 
Energía Mayorista 
(MEMN) 

Mercado 
Mayorista de 
Energía (MME) 

Mercado 
Mayorista (MM) 

Mercado 
Mayorista de 
Electricidad 
(MME) 

System 
operator and 
market adm. 

 
ICE 

 
ENEE 

Centro Nacional de 
Despacho (CNDC), 
a unit of ENATREL 

Unidad de 
Transacciones 
(UT), private 

Administrador 
del Mercado 
Mayorista 
(AMM), private 

Centro Nacional 
de Despacho 
(CND), a section 
of ETESA 

Traded 
products 

N.A. N.A. Power (MW) and 
Energy (MWh) 

Power (MW) and 
Energy (MWh) 

Power (MW) and 
Energy (MWh) 

Power (MW) and 
Energy (MWh) 

 
Agents 

N.A. N.A. Producer and 
consumer agents 

Market 
participants (Gen., 
Distr., Traders) 

Producer and 
consumer 
participants 

Producer and 
consumer 
participants 

Electricity 
Demand 

N.A. N.A. Hourly energy 
(MWh) and daily 
peak power (MW) 

Hourly energy 
(MWh) and annual 
peak power (MW) 

Hourly energy 
(MWh) and 
monthly peak 
power (MW) 

Hourly energy 
(MWh) and 
monthly peak 
power (MW) 

Power supply 
reliability 
(plant limits 
to power 
contracts) 

N.A. N.A. “Potencia máxima 
garantizable” 
determined for 
each power plant 

“Capacidad firme” 
(adjusted to peak 
demand) 
determined for 
each power plant 

“Oferta firme 
eficiente” 
(adjusted to peak 
demand) 
determined for 
each power plant 

“Potencia 
máxima” 
determined for 
each power plant 

Spot market N.A. N.A. -“Mercado de 
Ocasión” 
-Economic 
dispatch based on 
variable costs8 
-Hourly energy 
price: marginal 
cost 
-Daily power price: 
market 

“Mercado 
Regulador del 
Sistema (MRS)” 
-Economic 
dispatch based on 
prices9 and 
transmission 
capacities 
-Hourly energy 
price: marginal 
price 
-Annual power 
price: regulated 
capacity charge 

-“Mercado de 
Oportunidad” 
-Economic 
dispatch based 
on variable costs  
-Hourly energy 
price: marginal 
cost 
-Monthly power 
price: regulated 
reference price 

-“Mercado 
Ocasional” 
-Economic 
dispatch based 
on variable costs 
-Hourly energy 
price: marginal 
cost 
-Power price: 
contracted (by 
year or shorter) 

Contract 
market 

N.A. N.A. Bilateral 
transactions of 
hourly energy and 
daily power 

Bilateral 
transactions of 
energy ejection, 
injection and 
transfer 

Bilateral 
transactions of 
power with or 
without 
associated energy 

Bilateral 
transactions of 
power and/or 
energy 

Imports Considered a 
power plant 

Considered a 
power plant 

Considered a 
Producer Agent 

Considered a 
power plant 

Considered a 
power plant 

Considered a 
power plant 

Exports Considered 
add. demand 

Considered 
add. demand 

Considered a 
Consumer Agent 

Considered a large 
consumer 

Considered a 
Large consumer 

Considered a 
Large consumer 

 

97. Electricity supply. Electricity supply in Central America increased at an elevated 

annual growth rate (above 6 percent) from 1985 to 2000, but slowed down to about             

5 percent per annum in the 2000s. As a result, total electricity generation increased in the 

region from 10.6 TWh in 1985 to almost 38 TWh in 2007, approximately 70 percent of the 

annual electricity supply of a medium-sized country in South America such as Chile or 

Colombia. Guatemala and Honduras had a higher annual rate of growth of about              

9.5 percent in the late 1980s and 6 to 6.5 percent in the 2000s, an indication of their 

                                                 
8
 With price controls during 2005–2008. 

9
 With price controls during 2006–2008. 
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progress in electricity coverage, whereas Nicaragua and Panama have grown at a slower 

rate, about 3 and 4 percent during the same periods (see Table 23). 

98. The region had an installed capacity of approximately 9,700 MW, again equivalent 

to about 70 percent of the capacity of South American countries such as Colombia or Chile 

(see Table 23). However, there are significant differences in terms of the energy matrix 

resource composition between countries. For example, Costa Rica relies 80 percent on 

renewable energy, while renewable energy accounts for only 20 percent of Nicaragua’s 

matrix. 

99. Due to the differences in the electricity supply growth rates between countries in the 

region, the combined share of Panama and Nicaragua in the regional market has decreased 

from 34 percent to 24 percent while Honduras and Guatemala have increased their 

combined share from 26 percent to 38 percent. El Salvador and Costa Rica have maintained 

their shares at about 15 percent and 25 percent, respectively. In 2007, Nicaragua was the 

smallest market in the region with an 8 percent share, followed by El Salvador, Panama and 

Honduras with about 16 percent each, Guatemala with 21 percent and Costa Rica with      

24 percent (see Figure 6). 

Table 23 

Central America Electricity Supply (GWh) 

 

Source: CEPAL-Istmo Centroamericano-Estadísticas Subsector Eléctrico 2007. 

 

CR Sal Gua Hds Nic Pan CA

1985 2,702 1,651 1,493 1,224 1,119 2,407 10,596

1990 3,697 2,166 2,317 1,939 1,319 2,799 14,237

1995 4,851 3,236 3,448 2,779 1,604 3,606 19,524

2000 6,389 4,086 5,230 4,014 2,210 4,723 26,652

2001 6,656 4,065 5,456 4,267 2,303 4,870 27,618

2002 7,035 4,617 5,806 4,577 2,410 5,055 29,500

2003 7,433 4,813 6,173 4,943 2,552 5,223 31,138

2004 7,739 5,062 6,576 5,300 2,649 5,442 32,767

2005 8,158 5,178 6,908 5,551 2,753 5,552 34,100

2006 8,642 5,470 7,355 6,016 2,882 5,716 36,081

2007 9,147 5,614 7,817 6,322 2,927 5,997 37,822

Annual rate of growth

/85-/90 6.5% 5.6% 9.2% 9.6% 3.3% 3.1% 6.1%

/90-/00 5.6% 6.6% 8.5% 7.5% 5.3% 5.4% 6.5%

/00-/07 5.3% 4.6% 5.9% 6.7% 4.1% 3.5% 5.1%



 

62 

Table 24 

Central America 

Installed Capacity, 2007 (MW) 
 Total Hydro Geoth. Steam Diesel Gas Coal Cogen Wind 

CA 9719 4242 502 636 2682 814 139 634 70 

Costa 
Rica 

2182 1500 166 0 78 348 0 20 70 

El 
Salvador 

1436 484 204 0 619 16 0 113 0 

Guatemala 2154 776 44 1.5 671 216 139 306 0 

Honduras 1572 520 0 0 913 73 0 68 0 

Nicaragua 822 104 87 234 190 79 0 127 0 

Panama 1551 858 0 400 210 83 0 0 0 

 

Figure 6 

 

   Source: ECLAC, Estadísticas Subsector Eléctrico 2007. 

 

100. The electricity generation mix in Central America has changed substantially from 

the late 1980s when the development of large hydroelectric projects was prevalent in the 

region, to 2000 when the major reforms of the region’s electricity sector had been 

completed. As a result of the new power sector organization, the share of hydroelectric 

generation decreased from about 85 percent to about 50 percent, while the share of residual 

oil-based diesel generation increased from being nearly nonexistent to about 30 percent, 

most of it developed by private investors who preferred low investment costs, short 

construction periods and high-efficiency thermal generation plants to reduce project and 

market risks. In the late 1990s, when about 50 percent of new capacity additions were 

diesel-engine based, the price of oil was low and diesel plants in most countries were a 

least-cost generation option. Overall, the share of renewable generation decreased from    

90 percent (mainly hydro and geothermal) in 1990 to about 60 percent in the 2000s 

(comprised of hydro, geothermal and bagasse). 
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Figure 7 

  

 

     Source: ECLAC, Estadísticas Subsector Eléctrico 2007. 

101. The generation-mix changes in individual countries were not uniform. Costa Rica 

maintained over 90 percent of renewable energy in its matrix from 1990 to 2007 with 

attractive hydroelectric generation projects, a state-owned vertically integrated power 

company and a clear policy for the development of renewable power. In contrast, 

Honduras, with a similar vertically integrated power company but a dearth of long-term 

power purchase agreements (PPAs) to facilitate private investments in generation projects, 

reduced its share of renewable energy from 100 percent to 37 percent during the same 

period. The proportion of renewable energy decreased from about 90 percent to 55 percent 

in most of the region’s other countries that implemented reforms based on private 

participation and competitive wholesale power markets. The share of diesel generation 

increased substantially in all of the countries in the region, except in Costa Rica and 

Panama which developed hydroelectric and gas turbines or steam thermal plants, in the 

2000s (see Table 25). 
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Table 25 

Central America - Share of Renewable 

Generation (% of Total Generation) 

 

CEPAL-Istmo Centroamericano-Estadísticas Subsector 

Eléctrico 2007 

Central America – Share of Diesel 

Generation (% of Total Generation) 

 

CEPAL-Istmo Centroamericano-Estadísticas Subsector 

Eléctrico 2007 

102. Private generation increased substantially in the region from 1990 to 2007. 

However, in 1995 private generation was only significant (>30 percent) in Guatemala and 

Honduras, which relied on emergency thermal generation developed by private investors 

under PPAs with the state-owned companies to meet demand growth. After 2000, when 

most countries completed reform programs to establish private participation in the power 

markets, the share of private generation in all of the countries except Costa Rica was 

greater than 70 percent. Even Costa Rica increased private generation to about 15 percent 

in the early 2000s, in response to new laws that promoted the development of small 

renewable projects (see Table 26). 

Table 26 

Central America Private Generation (% of Total Supply) 

 

          Source: CEPAL-Istmo Centroamericano-Estadísticas Subsector Eléctrico 2007. 

103. Electricity demand. Electricity use (annual sales per capita) in the region followed 

a pattern similar to that of energy use. Electricity use has increased by more than             

CR Sal Gua Hds Nic Pan CA

1985 100% 94% 45% 97% 58% 81% 83%

1990 99% 94% 92% 100% 61% 84% 91%

1995 85% 57% 58% 60% 43% 70% 66%

2000 99% 58% 59% 61% 17% 70% 68%

2001 99% 53% 53% 48% 18% 49% 60%

2002 98% 51% 45% 39% 24% 65% 60%

2003 98% 56% 45% 38% 26% 50% 58%

2004 99% 53% 49% 29% 25% 65% 60%

2005 97% 57% 53% 33% 33% 64% 61%

2006 94% 59% 56% 36% 29% 60% 61%

2007 92% 57% 53% 37% 28% 58% 59%

CR Sal Gua Hds Nic Pan CA

1985 0% 0% 1% 2% 0% 3% 1%

1990 0% 0% 0% 0% 0% 0% 0%

1995 2% 6% 22% 32% 0% 6% 11%

2000 0% 41% 27% 39% 48% 19% 24%

2001 0% 46% 31% 48% 50% 20% 28%

2002 0% 49% 37% 57% 44% 14% 29%

2003 0% 44% 40% 57% 47% 26% 32%

2004 0% 46% 35% 69% 46% 18% 31%

2005 0% 42% 32% 67% 44% 19% 31%

2006 1% 40% 30% 64% 44% 19% 30%

2007 2% 42% 34% 63% 40% 17% 30%

CR Sal Gua Hds Nic Pan CA

1985 0% 0% 0% 0% 0% 1% 0%

1990 0% 0% 0% 0% 0% 3% 1%

1995 2% 6% 32% 32% 1% 4% 12%

2000 16% 44% 59% 39% 55% 100% 50%

2002 15% 52% 70% 61% 79% 92% 57%

2003 15% 67% 72% 62% 81% 89% 60%

2004 15% 71% 72% 72% 79% 88% 61%

2005 13% 66% 71% 71% 78% 89% 60%

2006 17% 65% 69% 68% 81% 85% 59%

2007 17% 70% 74% 68% 75% 87% 61%
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100 percent during the past 20 years due to economic growth and increases in electricity 

coverage. The higher-income countries with broader access to electricity, Costa Rica and 

Panama, have a higher per capita electricity use, in the range of 1,600 to 1,800 kWh/year, 

which is similar to the average for LAC but much lower than electricity use in the US 

(13,500 kWh/capita per year). There is also a correlation between electricity use and 

income level in this case (see Figure 8). 

Figure 8 

Electricity Use Annual Electricity Sales / 

Capita (kWh/Capita) 

 

Source:   CEPAL-Istmo Centroamericano-Estadísticas 

Subsector Eléctrico 2007. 
 

 

104. In 2007, regional electricity sales were about 32 TWh, of which 37 percent came 

from the residential sector. Average monthly sales per household in the residential sector 

were low at about 145 kWh/household, although it was above 200 kWh/household in the 

higher-income countries of Costa Rica and Panama. About 9 percent of total electricity 

sales were to large consumers that have the right to select and negotiate the conditions of 

electricity supply, with major differences among countries: from about 32 percent in 

Guatemala where traders and distribution companies compete to supply consumers with 

peak demand above 100 kW, to 0 percent in Costa Rica where retail prices are regulated 

(see Table 27). 

105. Access. Electricity coverage at the regional level nearly doubled during the past    

20 years from 43 percent in 1985 to 82 percent in 2007. In 2007, Costa Rica had nearly 

universal service (98.6 percent), El Salvador, Guatemala and Panama were in the range of 

83 to 87 percent, and Honduras and Nicaragua lagged behind in the range of 61 to             

71 percent. It is estimated that in 2007 approximately 8 million people in the region, about 

80 percent of whom are located in Nicaragua, Honduras and Guatemala, lacked access to 

electricity. Most of those who lacked access to electricity are poor people in rural and 

scarcely populated areas. For example, it was estimated that at the end of 2008 electricity 

coverage in the rural areas in Honduras was only 45 percent, while in urban areas it was as 

high as 98 percent (see Table 28 and Central America Electricity Coverage Table 29). 

. 

CR ES GUA HDS NIC PAN CA

1985 916 302 157 255 276 893 362

1990 1,074 358 224 306 275 877 417

1995 1,250 500 297 361 252 1,073 507

2000 1,464 579 414 512 306 1,287 634

2001 1,506 564 406 520 317 1,304 638

2002 1,550 605 420 539 322 1,333 660

2003 1,608 630 426 560 338 1,367 682

2004 1,648 640 452 582 360 1,442 709

2005 1,702 654 448 591 378 1,450 721

2006 1,778 684 473 614 393 1,501 752

2007 1,832 691 494 666 397 1,586 782
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Table 27 

Central America Electricity Sales (2007) 

 

                   

 

Table 28 

Central America Electricity Coverage 

 

Source: CEPAL-Istmo Centroamericano-Estadísticas Subsector Eléctrico 2007.

CR ES GUA HDS NIC PAN CA

Sales (GWH)

Residential 3,284 1,624 2,745 2,063 659 1,629 12,003

Others 4,891 2,790 1,807 2,841 1,312 3,618 17,258

Large consumers * 0 474 2,130 75 126 53 2,858

Total 8,174 4,889 6,681 4,979 2,096 5,299 32,119

Sales (%)

Residential 40% 33% 41% 41% 31% 31% 37%

Others 60% 57% 27% 57% 63% 68% 54%

Large consumers 0% 10% 32% 2% 6% 1% 9%

Clients resid. (000) 1,153 1,268 2,252 954 597 660 6,883

237 107 102 180 92 206 145

Monthly residential 

consumption (kWh)

CR Sal Gua Hds Nic Pan CA CR Sal Gua Hds Nic Pan CA

1985 81% 41% 30% 30% 47% 54% 43% 490 2,799 5,570 2,939 1,809 1,005 14,613

1990 93% 52% 36% 38% 45% 73% 52% 215 2,448 5,719 3,020 2,115 656 14,173

1995 93% 66% 46% 45% 45% 77% 59% 246 1,956 5,422 3,093 2,543 619 13,880

1996 93% 68% 47% 47% 46% 78% 60% 242 1,881 5,435 3,112 2,571 613 13,854

1997 94% 70% 54% 49% 47% 78% 63% 238 1,802 4,775 3,080 2,562 606 13,063

1998 94% 72% 59% 51% 47% 79% 65% 229 1,707 4,392 3,019 2,604 598 12,549

1999 94% 74% 63% 52% 47% 80% 67% 230 1,600 4,100 3,013 2,684 590 12,217

2000 95% 76% 69% 54% 46% 80% 70% 200 1,481 3,480 2,984 2,743 581 11,468

2001 96% 78% 77% 58% 47% 81% 73% 168 1,420 2,634 2,822 2,727 571 10,342

2002 97% 78% 78% 58% 48% 82% 74% 135 1,414 2,641 2,847 2,727 563 10,328

2003 97% 80% 79% 60% 50% 84% 76% 113 1,301 2,562 2,800 2,651 499 9,926

2004 98% 81% 82% 61% 55% 85% 77% 102 1,257 2,292 2,791 2,448 476 9,366

2005 98% 82% 82% 64% 57% 86% 78% 91 1,231 2,350 2,652 2,333 462 9,118

2006 98% 83% 83% 67% 59% 87% 80% 75 1,167 2,200 2,511 2,292 424 8,669

2007 99% 84% 84% 71% 61% 88% 82% 36 1,108 2,175 2,199 2,171 407 8,097

Coverage (%) Population with no electricity (thousand)

Source: CEPAL 

*/ Consumers participating in retail competition 
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Table 29 

Central America – Access Rates, 2008 

 Electrification Rate (%) Population 

without access to 

electricity 

(million) 

Country Total Urban Rural 

Costa Rica 99.1 99.8 98 0 

El Salvador 86.4 97.1 70 0.9 

Guatemala 80.5 93.7 68 2.7 

Honduras 70.3 97.9 45 2.1 

Nicaragua 72.1 95 42 1.6 

Panama 88.1 94 72 0.4 

Average/Total 82.8 96.3 65.8 7.7 

 

106. Energy losses. Average annual electricity losses at country level allude to the 

relative stability of the countries in the region. Costa Rica, El Salvador and Panama 

maintain relatively reasonable and efficient levels with 11 percent, 13 percent, and             

12 percent of losses, respectively, but Nicaragua and Honduras have high levels, above     

20 percent, mostly related to electricity theft and fraud.
10

 High losses are an indication of 

the lack of adequate commercial practices and political support to control the situation. In 

both Nicaragua and Honduras, the high nontechnical losses are not sustainable and in fact 

contributed to the recent financial crises in both electricity sectors (Table 30). 

Table 30 

Central America – Total Electricity Losses (% of Supply) 

 

                    

 

107. Retail prices. Retail electricity prices in most of the countries in the region are 

regulated based on a pass-through of efficient generation, transmission and distribution 

                                                 
10

 A recent study on electricity losses in Nicaragua showed that about 50 percent of total losses correspond to 

theft and fraud. 

CR Sal Gua Hds Nic Pan CA

1985 9% 13% 17% 13% 13% 19% 14%

1990 11% 16% 14% 23% 18% 25% 17%

1995 11% 13% 14% 27% 30% 21% 17%

2000 10% 11% 12% 18% 32% 20% 15%

2002 10% 15% 15% 21% 33% 19% 17%

2003 10% 13% 17% 22% 33% 18% 17%

2004 9% 15% 16% 23% 30% 16% 16%

2005 10% 13% 18% 23% 29% 16% 17%

2006 10% 13% 17% 25% 29% 14% 16%

2007 11% 13% 16% 21% 28% 12% 15%

Source: IEA, Electricity Access Database. 

 

Source: CEPAL-Istmo Centroamericano-Estadísticas Subsector Eléctrico 2007. 



 

68 

costs by a regulatory authority. In El Salvador, Guatemala, Nicaragua and Panama, the 

countries that implemented a power sector reform, generation costs are determined by 

adding up the energy and capacity costs of long-term energy supply contracts (competitive 

bids) and the cost of purchases in the spot market (cost-based economic dispatch); the 

volatility of generation costs is smoothed out through an averaging mechanism. In Costa 

Rica, retail prices are based on a cost-plus methodology (operation and maintenance costs 

plus a rate of return on assets); generation costs are differentiated by capacity and energy, 

time of use and season to reflect the generation cost structure. In Honduras, the law 

stipulates that generation costs are calculated as the average of projected short-run marginal 

generation costs years in the future, but in practice a price escalation formula (including the 

impact of fuel prices, inflation and devaluation) is applied to a tariff schedule established in 

2000. 

108. Wholesale prices. Spot prices in the region’s competitive wholesale markets in 

increased substantially after 2004 because of the sharp increase in the price of residual oil 

(the fuel used in most cases by marginal plants under economic dispatch) in the Caribbean 

market. In Honduras and Costa Rica, generation costs used to regulate retail tariffs were 

lower and more stable. In Panama, Nicaragua and El Salvador, which faced a tight 

supply/demand balance in 2006 and 2007, the increase in spot prices was more pronounced 

because less efficient, expensive generation plants were dispatched; average annual spot 

prices increased to about US$140/MWh (see Figure 9). 

Figure 9 

Central America-Wholesale Market 

Spot Price (US$/MWh) 

a/ Regulated price for consumers connected to high voltage 

b/ Includes spot price, auxiliary services and transmission 

charges 

c/ Projected average  short-run marginal costs 

 

Source: Prepared by authors based on statistics from the wholesale market administrators. 

109. Contracts. The generation prices that were passed through to tariffs were less 

volatile than the spot prices due to the smoothing effect of the price of the supply contracts, 

which were more stable. In general, distribution companies covered most of the demand 

with energy purchases from contracts (in 2007, 54 percent in El Salvador and between 80 

and 90 percent in Guatemala, Nicaragua and Panama). Although the price of energy in 

contracts with thermoelectric plants was indexed to fuel prices, the average energy price of 

contracts was stabilized by the capacity charges and by the energy prices of contracts with 

renewable generation that were not indexed to fuel prices. 

CR a/ ES b/ GUA HDSc/ NIC PAN

1999 n/a 63.6 44.3 n/a n/a 44.1

2000 57.4 83.0 57.3 n/a n/a 52.5

2001 54.8 66.6 43.1 n/a 44.2 51.7

2002 53.7 66.1 49.6 62.0 43.9 45.6

2003 54.6 72.5 56.5 62.6 51.8 55.6

2004 55.7 68.9 48.8 61.0 62.8 56.1

2005 59.4 78.6 62.2 57.9 82.6 90.0

2006 58.1 129.5 76.9 n/a 159.6 125.6

2007 56.9 136.6 89.6 71.9 123.4 155.5
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110. Although most of the regulators in the region did not publicize contract prices, the 

actions of Elektra, a major distribution company in Panama, illustrates the smoothing effect 

of contracts. From 1999 to 2005, average spot prices were stable, in the range of       

US$40–60/MWh, and contract prices were also stable but higher. After 2004 spot prices 

increased sharply to about US$155/MWh, but average wholesale energy prices only 

increased to about US$105/MWh because Elektra bought about 90 percent of its demand in 

the contract market; contract prices were consequently more stable (see Figure 10). 

Figure 10 

  

111. Notwithstanding the smoothing effect of contracts, all of the countries in the region 

faced challenges passing through high generation costs to electricity tariffs over the past 

three years, especially due to the dependence on oil-based thermal generation and high and 

volatile international fuel prices. Although their approaches varied, all of the countries in 

the region had the same aim, which was to avoid the political troubles related to steep 

increases in electricity prices for most of the population. 

Case Studies of Prices and Subsidies in Individual Countries in the Region 

112. Costa Rica. The proportion of conventional thermal generation increased in Costa 

Rica over the past five years due to delays in implementing some new projects, a tight 

supply/demand balance and the need to balance seasonal hydro generation. The share of 

renewable energy decreased to 92 percent in 2007. The fuel bill for power generation 

increased from about US$19 million in 2003 to US$130 million by 2007 and became a 

financial burden for ICE. There is ongoing tension between ICE and the regulator because 

the power company claims that the regulator has not allowed the real generation costs to be 

passed through to tariffs (other issues include the application of a low rate of return on 

assets that is below the weighted average capital cost, and delays in allowing the increase in 

fuel cost to be passed through). In March 2008, the problem reached a crisis level when the 

regulator recognized the situation and asked ICE to finance a large portion of a 30 percent 

increase in generation costs as a measure to delay its impact on electricity tariffs. 

113. El Salvador. In early 2005, facing high spot prices due to an increase in fuel prices 

and tight supply/demand, the Government of El Salvador decided to change the rules for 

the remuneration of generators in the spot market. Payments of transactions in the spot 

market at marginal generation costs were replaced by a ―pay-as-bid‖ scheme. The spot 

Central America

Wholesale market

Share of contract market a/

ES GUA NIC PAN 

2001 86.6% 97.0% 98.1% 86.8%

2002 78.3% 99.5% 96.8% 83.1%

2003 50.9% 96.0% 95.3% 87.2%

2004 67.8% 84.9% 94.7% 86.1%

2005 58.8% 85.6% 91.9% 62.3%

2006 54.6% 81.0% 84.3% 71.9%

2007 54.0% 81.0% 82.4% 74.9%
a/ Share= contract sales/(contract sales+spot sales)
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price was then determined by the weighted average of price bids of generation plants 

dispatched to meet demand. Price bids by the state-owned enterprise, determined on the 

basis of financial considerations, played a role in the stabilization of spot prices. However, 

in 2006 the new pricing scheme was not effective in controlling further increases in the spot 

price and the government decided to subsidize any increase of generation costs above 

US$91.1/MWh. The government reached an agreement with the distribution companies; 

CEL will pay, in six installments during the following six-month period, the difference 

between the real generation costs and the reference price accumulated during the previous 

six-month period. The combination of the ―pay-as-bid‖ scheme and the tariff subsidy was 

effective in mitigating the impact of fuel prices on the average retail tariff but the subsidy 

was not sustainable, especially due to high and increasing fuel prices. In September 2008, 

when international oil prices peaked, the gap amount that needed to be compensated 

increased to US$96 million. By mid-2008 the government realized that the generalized 

subsidy was not sustainable and decided to reduce the subsidy to commercial and industrial 

consumers by 40 percent. 

114. Guatemala. A social tariff established in 2000 kept electricity prices stable in the 

range of US$0.10 to US$0.12/kWh for about 90 percent of residential consumers. The price 

was financed by the economic rent of INDE’s hydroelectric plants through the sale of 

energy to private distribution companies at below-market prices. Beginning in 2006, when 

it was obvious that INDE could not afford to continue paying for the subsidy, the coverage 

of the subsidy was reduced to about 70 percent of consumers and the average social tariff 

for urban areas was increased to about US$0.16/kWh (see Figure 11). 

Figure 11 

 

Source: CNEE, regulatory body. 

115. Honduras. The average retail tariffs lagged behind the increase in generation costs 

and in early 2008 it was estimated that the average residential tariff only covered 80 percent 

of supply costs. ENEE, the state-owned monopoly, could not cover the high costs of energy 

purchases from private thermal generators with revenues from electricity sales, due to high 

fuel prices and nontechnical losses. The shortfall had to be financed by the government. 

116. Nicaragua. In 2005, the Nicaraguan Congress enacted Law 554/05, which declared 

that if WTI prices rose above US$50/bbl, the country was officially in an energy crisis state 

and could take temporary measures to reduce the impact of high fuel prices on electricity 
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tariffs, including the freezing of electricity tariffs for residential consumers with monthly 

consumption below 150 kWh. Spot prices were not calculated based on marginal costs, but 

rather on a weighted average of the variable costs of thermal units plus 10 percent; and the 

state-owned enterprise, owner of the hydroelectric plants, had to enter into contracts with 

the distribution companies at a price ranging from US$55 to US$65/MWh, below market 

prices. Furthermore, the average generation costs passed through to tariffs trailed real 

generation costs (spot plus contract market) and the financial shortfall had to be financed by 

the private distribution companies, which were already in a difficult financial position due 

to high electricity losses. Finally, in 2008 the government and private investors signed a 

memorandum of understanding, which included commitments to settle arrears, approve a 

law that penalizes electricity fraud, transfer 16 percent of shares of the distribution 

companies to the government and apply cost-reflective tariffs. 

117. Panama. In 2004, the Government of Panama, concerned about the impact of 

increasing fuel prices on the tariff, established a Tariff Stabilization Fund that in practice 

has worked as a tariff subsidy. Every six months, the government reviews the tariff increase 

needed to cover costs and determines the amount of subsidy and the tariff categories that 

will receive the subsidy. The government gives the subsidy to the transmission company 

which in turn transfers it to each of the distribution companies. The amount of the subsidy 

reached US$73 million in 2008 and benefited residential consumers with a monthly 

consumption below 500 kWh. Consumers received a discount of up to 41 percent (see 

Table 31). 

Table 31 

 
      Source: ASEP, regulatory body. 

118. Despite the attempt to reduce the impact of high generation costs on residential 

tariffs, average residential prices (in current US$) have increased in all of the countries 

since 2005. In 2007, average residential prices were high in El Salvador, Guatemala, 

Nicaragua and Panama, ranging from US$0.15 to US$0.16/kWh (prices shown for 

Guatemala correspond to the nonsocial tariff, which has been elevated since 2001). 

Average residential tariffs were low in Costa Rica and Honduras, about US$0.085/kWh, an 

indication of the lower generation costs and hidden subsidies in Costa Rica and the 

application of subsidies for most of the residential consumers in Honduras (see Table 32). 

Panama-Elektra distribution company

Electricity tariffs July to December 2008 (USCents/kWh)

Residential tariff Base Subsidy Paid

100 kWh/month 21.6 40.0% 13.0

200 kWh/month 21.9 40.6% 13.0

300 kWh/month 21.9 30.5% 15.3

500 kWh/month 22.0 30.6% 15.3
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Table 32 

Electricity Prices 

Residential Sector (USCent/KWh) 

 

*/ Corresponds to non-social tariff, Guatemala city 

Sources: statistics of regulators and ministries, except Panama (CEPAL) 

 

119. Lessons learned. The governments of most of the countries in the region have 

made efforts to bend the rules in order to control the pass-through of generation costs (and 

therefore of fuel price increases) to the tariffs of low-voltage customers. In the end these 

efforts have proved futile, with an enormous cost to the governments (as in Honduras and 

El Salvador) or to state power companies (as in Costa Rica and Guatemala). During the 

power sector reform processes, the objective was to achieve a situation in which electricity 

would respond to normal supply and demand signals (similar to oil products), rather than to 

managed criteria which either distort the wholesale price or create unsustainable subsidies. 

Unfortunately, regulatory authorities have not been resilient enough to resist political 

influence; this is not surprising given the relatively recent creation of these authorities, as 

well as their novelty within the established government structure. 

120. Avoiding the errors of the past will require the increased support of regulatory 

institutions. Some countries are more in need of specific actions than others: 

a) In Panama the regulator has proved to be a solid and responsible agency, but it 

has recently been reorganized. The reorganization process is still ongoing and 

may have unforeseen consequences; 

b) In Costa Rica the regulator has been at odds with ICE, the major power 

company, with unfortunate consequences such as previously unheard-of power 

blackouts. A redefinition of responsibilities should take place in order to ensure 

a smoother institutional operation; 

c) In Nicaragua the regulator has scant resources; the institution would require 

strengthening in order to effectively address numerous questions, including how 

to improve access; 

d) El Salvador has an effective and well-organized agency that is subject to 

political influence. This has led the regulator to put in place unsustainable and 

costly subsidies; its organization and mission should be revisited; 

CR ES GUA */ HDS NIC PAN

1999 5.0 9.7 6.5 11.9 10.7

2000 5.3 12.9 6.9 11.0 11.9

2001 6.4 13.4 16.0 6.8 10.7 11.6

2002 6.4 13.3 16.5 7.0 11.2 11.3

2003 6.0 13.5 17.0 7.4 11.8 12.0

2004 6.5 13.1 17.7 7.9 11.9 12.0

2005 6.9 13.8 19.6 8.0 12.1 13.8

2006 7.5 15.1 18.9 8.6 14.7 14.9

2007 8.3 16.0 18.4 8.6 15.3 15.8
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e) Honduras has a weak and ineffective regulator with little influence over ENEE, 

the state power company. A thorough review of its functions should be 

undertaken; and 

f) Guatemala’s regulator has been effective in overseeing the market but has 

proved ineffective in attracting investments to develop domestic alternative 

energy resources. 
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CHAPTER six 

POWER SECTOR OUTLOOK: THE SHORT 

TERM 

 

 

121. This section assesses the risk of short-term electricity supply shortfalls in the Central 

American region and describes the emergency measures taken by individual governments. 

Short-term refers to the period 2008–2012, when any shortfall in power supply can only be 

addressed by emergency actions. The section is divided into two parts: (a) generic 

considerations to be taken into account for addressing supply/demand imbalances, and        

(b) country-by-country analyses. 

Generic Measures 

122. There are three main types of electricity crises. Each type of crisis presents a 

different set of obstacles, although the three problems are not always independent of one 

another. The first type of crisis, capacity constraints, is a supply-side issue (generation and/or 

transmission) in which the installed capacity is insufficient to meet peak electricity demands 

because it is simply unavailable (for example, due to unplanned or planned outages). The 

second type of electricity crisis involves demand-side management. Capacity exists and is 

available, but is unable to generate sufficient energy over time (when an operational 

hydroelectric plant lacks water, for example, or when gas-fueled power plants lack gas, as 

was the case in Chile in 2007–2008). Finally, the third type of electricity crisis is when there 

is not a sufficient reserve margin, where capacity simply lags behind demand overall (for 

example, when lack of financing forces a slowdown in planned generation capacity 

expansion). The reserve margin is a common indicator of the supply-demand electricity 

balance. However, because systems in Central America often depend for the most part upon 

hydroelectricity, a large reserve margin is insufficient to illustrate whether or not supply 

exceeds demand (see Annex 2 for details). 

123. In the short run the burden of adjustment is often on the demand side. The short 

run in general offers limited possibilities for increasing the supply-side capacity of the 

electricity system. There are several mechanisms through which the demand side can adjust 

in the short run. One way is through quality restrictions or rationing. Another way is through 

direct or indirect price signals. Directly increasing the price of electricity would create 

incentives for consumers to consume less electricity directly, or would indirectly provide 

incentives or subsidies for energy-efficiency measures that could also potentially have the 

same effect. 

124. However, the short run can be defined in a variety of ways, each with a different set 

of possible responses. Thus, depending on one’s definition of short run, there is a different 

menu of possible supply- and demand-side responses. The expected duration of the 

electricity shortage also influences the choice of instrument. For example: 

 Very short run (a few weeks): Demand responses are limited to changes in 

behavior within existing consuming technology through rationing or forced 

outages. No supply response is possible. 
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 Short run (several months): A wider range of demand responses is available, 

including some minor technical changes that involve capital expenditures to 

replace existing appliances. A wider range of price and quantity incentives can be 

used. No supply response is possible. 

 Short to medium run (up to 18 months): Demand responses include making 

―easy‖ switches in technology. A full set of price and quantity incentives is 

available. Some supply responses are available. 

125. Policy plays an important role in addressing electricity crises. The overall policy 

goal is to find an optimal combination of demand and supply measures that would impose the 

least cost on the economy. Both peak demand and total consumption can be affected by 

policy-related measures that impact price, but not necessarily in the same way. Thus, the 

optimal policy mix will depend on the type of electricity crisis that exists. In some countries, 

policies already in place aim to levy appropriate economic costs on different subsets of users. 

For example, in most countries large users are charged tariffs based on agreed peak demand 

and pay penalty prices if they exceed those limits. 

126. The institutional organization of the electricity sector also heavily influences the 

response to the electricity crisis. Specifically, the degree of private sector participation in 

the sector, the degree of vertical integration and competition in generation, and the strength 

and sophistication of regulatory mechanism(s) in place are three key elements that affect the 

type of response. 

127. In a market-based system, a combination of price and quantity measures is 

needed in order to ensure long-term sustainability. There is always a danger that a severe 

supply-demand gap could cause a lack of energy to turn into price spikes. If shortages last for 

more than a few days, price increases are sometimes needed. In turn, this could generate 

affordability problems, especially for low-income residential users who have low price 

elasticity. On the other hand, mitigating a price crisis through direct or indirect subsidies 

could actually exacerbate the energy crisis because there is no incentive for consumers to 

reduce their electricity consumption; this could create a fiscal crisis. In order to ensure     

long-term sustainability, a country’s response to a short-term electricity crisis must involve a 

combination of both price and quantity measures. 

128. Responses to price signals depend on the level of private sector participation. In a 

situation where private sector participation is high and thus the market for generation is 

competitive, price signals will be more effective. However, in cases where private sector 

participation is low, price signals will be less effective because the market is presumably less 

competitive. In this situation, rationing may be more effective and at the core of an energy 

savings campaign. 

129. Regulatory mechanisms can impact the range of available responses and the 

impact on different stakeholders. There are often legal or administrative restrictions that 

prevent the use of certain instruments. For example, tariff changes may need to be approved 

through a predefined administrative process that involves public hearings. As a result, 

substantially increasing tariffs is unlikely to be an effective short-term solution because of 

the time needed to implement such a solution. In other situations, there is a price cap or cost 

of service that is designed to encourage cost minimization, sustainability, allocative 

efficiency and equity in terms of access and affordability. However, price caps can backfire 
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during short-term crises. For example, a demand reduction can negatively affect the financial 

situation of distribution companies working under a price cap even when the crisis has 

originated in the generation sector. It is important to take into account possible negative 

effects that disproportionately affect some stakeholders. 

130. Supply-side measures: supply-side responses to short-term electricity crises 

involve an increase in generating capacity. In addition to the projects planned to increase 

generating capacity in a country’s energy expansion plan, this section on short-term fixes 

identifies possible opportunities to improve the condition of installed equipment by 

improving availability, increasing capacity or reducing losses—the most expeditious means 

to accomplish the goal of increasing generating capacity. It should be kept in mind that 

supply-side responses are not possible in the very short term, defined as a few months or less. 

Increasing generating capacity involves building new infrastructure, which takes time. 

However, if the short-term crisis is longer than a few months, supply-side measures become 

potential solutions. 

131. Diesel fuel is the fastest way to increase generating capacity. Most of the countries 

have implemented emergency generation plans that include reciprocating engines using 

diesel fuel for high-speed engines or heavy fuel oil (HFO) for medium-speed engines. 

However, diesel fuels are costly and suffer from volatile pricing. In addition, time can still be 

a constraint. Medium-speed engines can take as long as 24 to 30 months to engineer, procure 

and construct. For this reason, more sustainable solutions are prioritized above emergency 

diesel generation sets. 

132. Ten possible solutions are ranked on the basis of anticipated costs, schedules, 

impacts on capacity and ability to control the process. The effectiveness of each of the 

actions can only be determined after additional data have been collected and analyzed 

relative to a specific application. Solutions 1 through 7 can be initiated simultaneously to 

determine the impact of these measures on increased capacity; the balance of the required 

increase in capacity can then be installed using solutions 8 through 10: 

a) Increasing the availability of existing operating plants that have been identified as 

having low availability is not only a low-cost effort but is also within the control 

of the utility operating the plant and can be implemented in a very short time 

frame. A coordinated plan to deal with plant outages in the region and faster 

schedules for maintenance outages may improve the overall availability once the 

transmission system has improved the exchange of power between countries. 

b) Rehabilitation of units that have been retired or derated should also be 

considered. Depending on the necessary parts or construction that may be 

required for corrective maintenance, there will be some costs associated with this 

measure. 

c) Expediting the completion of plants and transmission lines that are currently 

being planned or are under construction is a protective measure that could 

preserve or improve schedules to achieve commercial operation. This measure 

can be implemented immediately but the impact will be longer term, dependent 

on the construction schedules of each of the projects. 
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d) Integration of backup generation into the dispatch pool for peaking by offering 

Power Purchase Agreements depends on the cooperation of those outside the 

utility and also requires the cost of synchronizing equipment and protective 

relaying for each generator to be connected. There will also be the added cost of 

fuel that will most likely be high-cost diesel fuel. However, the generating 

equipment is in place and the schedule will be determined by the time it takes to 

install the required interconnection equipment and to negotiate the agreements. 

e) Increasing the availability of bagasse-fueled plants for operation after the 

sugarcane harvest depends on the cooperation of those outside the utility. The cost 

will depend on the identified modifications to the existing boilers and the cost of 

the alternate fuel. The schedule will depend on the time it takes to make the 

modifications and to negotiate the agreements to make the modifications and 

negotiate the agreements. 

f) Upgrading the transmission system with the addition of capacitor banks to reduce 

transmission system losses and to increase the operating megawatt capacity of 

existing generators is within the control of the utility. Schedule and costs will 

depend on the size and number of capacitor banks being installed. The potential 

increase in capacity can be determined by the transmission studies that identify 

the location and size of the capacitor banks to be installed. 

g) Installation of advanced metering systems to reduce nontechnical losses can be 

implemented as an ongoing program with small incremental costs. 

Implementation of this alternative depends on the cooperation of utility 

customers. 

h) Installation of high-speed reciprocating engines operated by diesel fuel on a 

temporary basis can be done on a short schedule but with high operating costs. 

High-speed reciprocating engines are more efficient than combustion turbines and 

can be provided in relatively small unit sizes. They can be installed in locations 

distributed throughout the system. 

i) Installation of leased power generation barges equipped with reciprocating 

engines or combustion turbines will take a longer time to deliver and install and 

would rely on high-cost diesel fuel. Combustion turbines usually have larger unit 

sizes than reciprocating engines. Installation of the power barges is limited to 

water locations that have been prepared for the connection of the barges. 

j)  Installation of a fixed combustion turbine (GT) plant, simple cycle (SC) at a 

prepared land site is estimated to have a timeline similar to that of the power 

barges and will also have similar operating costs. 

133. Deciding which technology or solution to implement will depend on the 

particular circumstances of the country. On a case-by-case basis, the trade-offs between 

bringing in new capacity must be cost-analyzed against slower means of increasing 

generation that are perhaps cheaper. Each solution will have a cost to implement; this could 

include the cost of incentive payments, expediting costs, spare parts costs, and the capital 

cost for the project. 
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134. Demand-side measures. Demand-side measures focus on causing changes in the 

quantity of electricity consumed by modifying price (tariffs), energy efficiency or 

consumption behavior. Demand for electricity is a derived demand for lighting, cooling, 

heating, power and other electricity uses. Therefore, changes in demand will be the response 

to changes in the demand of each of these or to changes in the efficiency of the equipment 

using electricity. International experience indicates that most countries use a combination of 

multiple demand-side instruments to reduce the quantity of electricity consumed. The mix of 

instruments used often depends on the timing and nature of the crisis. 

135. Reducing public sector electricity consumption is an important first step. 

Although public sector electricity consumption is often not very high relative to a country’s 

total consumption, implementing energy-saving activities in the public sector is necessary in 

order to increase government credibility and to demonstrate its effects. In addition, 

implementation of energy efficiency measures in the public sector has the added advantage 

of being centralized and thus allows for fast, highly visible results. 

136. Tariffs are one of the key elements in the determination of the types of incentives 

used to ration the use of energy. However, two important caveats should be kept in mind in 

a discussion of the effectiveness of tariffs. First, for many small users there is a lag between 

the time when the consumption occurs and when they pay for electricity. This could delay the 

response to a short-term crisis. Second, the effectiveness of tariffs will depend on the nature 

of the crisis. For example, capacity constraints require a reduction in peak demand. Most 

tariff structures are not based on the time of use but rather on the overall amount of 

consumption. Several different types of tariff and tariff policies are summarized below. 

137. Residential tariffs are a form of an increasing block tariff in which the size of the 

block is determined by past consumption. In other words, electricity consumption becomes 

more expensive as quantity increases. This tariff mechanism has several major issues:          

1) targeting problems and 2) high administrative costs. Data show that many users will 

exogenously vary their consumption from one year to another. Furthermore, in poor 

communities one electricity meter is often shared by hundreds of families; this will also lead 

to a distortion of the targeting scheme. Utility billing systems are not usually prepared for 

residential tariff structures and as a result high administrative costs and time commitments 

are necessary to adapt such systems. 

138. Large-user tariffs. The key element for inducing efficient consumption by large 

users is a pricing mechanism that reflects real-time costs of production known as dynamic 

pricing. Dynamic pricing includes time-of-use (TOU) pricing, critical-peak pricing (CPP) 

and real-time pricing (RTP). However, potential negative implications of large-user tariffs 

must be considered, such as the residential tariff scenario. 

139. Tariff regime. A tariff regime is a set of rules by which tariffs are updated and 

modified over time. There are three main types of regulatory tariff regimes: cost of service, 

or rate of return; price or revenue caps; and hybrids. Tariff regimes are not only central to the 

creation of productive efficiency incentives; they also have a major impact on the incentives 

that electricity distribution firms face for promoting or supporting energy efficiency 

measures among their customers. 

140. Appliance replacement programs are an effective means of reducing energy 

consumption. The energy efficiency gains range from a minimum of 30 percent for             
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8-cubic-foot refrigerators to a maximum of 61 percent for 16-cubic-foot refrigerators. 

However, a variety of variables must be considered in determining the effect of appliance 

replacement on energy consumption, including the existing stock of appliances, the estimated 

energy savings, the penetration ratio, and the absolute number of households. Although 

appliance replacement programs are often considered low-hanging fruit for improving energy 

efficiency, the success of the program is dependent on the destruction of the old, replaced 

appliances. 

141. Compact fluorescent lamp (CFL) replacement programs are another key 

demand-side measure that can effectively reduce electricity consumption. Assumptions 

must be made about a number of different factors to determine the program’s potential 

impact, including: the wattage of the replaced incandescent bulbs, the wattage of the new 

CFLs, the cost per replacement, the average consumption per household, number of 

households, distribution and marketing costs, and anticipated penetration into residential 

households. CFL replacement programs have been effective in many countries, including 

countries in the broader Latin American region. 

142. Conclusions and recommendations for the short term. 

a) In order to ensure an adequate and effective response to a short-term 

electricity crisis, a government or utility must act quickly. Three main pieces 

of information must be collected in order to ensure an appropriate response: 

i. Identification of the type of electricity shortfall. Every crisis is unique and the 

shortfall could be in peak capacity (supply side) or in energy (demand side). 

ii. Estimate of the probable duration of the shortfall. As discussed earlier, the 

appropriate responses as well as the availability of responses will depend on 

the probable duration of the shortfall. 

iii. Establishment of a breakdown of energy consumption by end-use during the 

shortfall period. The most reliable approach is to conduct detailed customer 

surveys, including end-use monitoring, load surveys, appliance saturation 

surveys and other data collection instruments. 

b) The price signal is the most efficient means of informing consumers of an 

electricity shortage. Unfortunately, for many groups of customers there are 

barriers to quickly raising electricity prices. As a result, price signals are not 

always fast and effective. Their effectiveness is dependent on how competitive the 

market structure is, the level of private sector participation, and also the potential 

for political backlash. Therefore, other measures beyond price signals must be 

considered in order to effectively respond to the short-term crisis. 

c) It is important to consider the specifics of the circumstance in the ranking 

and choice of an appropriate response measure. Factors to consider in the 

ranking of measures include the amount of conservation needed, the expected 

duration of the shortfall, the amount of advanced warning, the type of sectors the 

response hopes to target (residential, industrial, commercial or agricultural), the 

appropriate mix of behavioral and technical changes and the resources available 

for program implementation. The ranking of responses involves some element of 

subjective judgment, specifically with respect to estimating the impact on 
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consumer behavior. Therefore, it is also important to consider public opinion on 

the electricity shortfall, the public’s willingness to participate and the credibility 

of the group promoting conservation. 

Country-by-country analyses 

143. Costa Rica. This country experienced a brief electricity shortage in late April and 

early May of 2007 due to a combination of adverse events including: delays in the 

implementation of the generation expansion plan, a dry season, high demand growth, low 

availability of thermal plants and interruptions of electricity imports from Panama. Although 

energy rationing during this period was lower than two percent of demand, the situation was 

a source of concern in Costa Rica, a country accustomed to having good and reliable 

electricity service. The situation was also a source of frustration for ICE; although a tight 

supply/demand was anticipated, some of the precautions taken to avoid the shortages were 

not sufficient. 

144. ICE planned the development of a 200 MW medium-speed diesel plant, the Garabito 

project, in the early 2000s. It was envisioned to supplement a hydro-based generation system 

(80 percent hydro and 98 percent renewable generation in 2002) during dry seasons. 

However, in 2005 the development of this project experienced lengthy delays because the 

central government objected to the financing arrangement and a protracted discussion 

commenced as a result. ICE implemented contingency arrangements that included improving 

the availability of thermal plants, importing energy from Panama and reducing bottlenecks in 

the transmission system. However, these actions were not sufficient to avoid energy rationing 

in 2007. A new contingency plan was adopted.
11

 It includes: 

 Implementation of the Garabito thermal plant under a special project finance 

scheme to ensure commissioning by 2011; 

 Installation of emergency generation: rental of 200 MW of skid-mounted diesel 

engines and gas turbines running on diesel oil for about four years (from 2008 to 

mid-2011), Barranca (90 MW) and San Antonio (110 MW); 

 Purchase of approximately 35 MW from bagasse-fired thermal plants during the 

sugarcane harvest season and about the same capacity off-season using 

conventional fuels; 

 Early commissioning in 2009 of the first stage (25 MW) of the Guanacaste wind 

farm; 

 Improvements in the maintenance of existing thermal plants to increase annual 

average availability to 80 percent; and 

 Mass-media dissemination of electricity-saving tips. 

145. Purchasing firm power from the regional market was not an option because most of 

the Central American countries were also facing a tight supply/demand balance and, in 

                                                 
11

 Plan de Contingencia para atender los veranos del 2008 al 2010. CENPE. Junio 2007. This plan was 

updated in September 2008: Revisión del plan de contingencia para los años 2008 al 2011. CENPE. ICE. 
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addition, the construction of transmission lines in Costa Rica for the SIEPAC project was 

delayed. 

146. The implementation of the contingency plan will ensure an adequate reliability of 

electricity supply until 2011 when 400 MW in new generation capacity will be 

commissioned, an amount sufficient to meet demand growth and to substitute for the 

expensive power rentals. The generation system maintains a reserve margin of about           

40 percent, but most important for Costa Rica’s generation system, which depends on hydro 

generation, the energy deficit in any given month does not exceed two percent of demand 

(see Table 33). 

147. ICE is implementing an energy efficiency strategy focused on setting efficiency and 

quality standards for the manufacturing and importation of electricity appliances, labeling of 

appliances, efficiency audits in industry and application of time-of-use tariffs. ICE is not 

involved in the distribution of CFLs. 

Table 33 

 
                                         

148. El Salvador. Private investments in generation in El Salvador after the power sector 

reform and privatization of the late 1990s have been limited to the replacement of expensive 

diesel fuel generation with heavy fuel oil and investments by self-producers and                 

co-generators. From 2001 to 2005, the installed capacity did not increase and the reserve 

margin decreased gradually. During that period El Salvador was a net importer of electricity 

from Guatemala, taking advantage of the differential in marginal costs, and was able to meet 

demand. Energy shortages during that period were very minor, most of them related to forced 

outages (see Figure 12). 

149. However, in the second half of 2005 a large (90 MW) hydroelectric unit became 

unavailable due to delays in the execution of an overhauling program. The reserve margin 

was insufficient as a result, fuel prices were increasing and the marginal costs increased 

substantially when inefficient and costly thermal units were dispatched to deal with the issue. 

Costa Rica

Short-term generation expansion 

Capacity
Installed 

capacity

Peak 

demand
(MW) (MW) (MW)

2,067

Emergency plan

Barranca rental DM 90

San Antonio rental DM&GT 110

El Viejo bagasse 14

Taboga Ampliación2 bagasse 8 2,289

Normal plan

Canalete hydro 17.5

Pocosol hydro 26 2,333 1,606

Emergency plan

Catsa & El Palmar bagasse 13

Off season generation bagasse 37.7 2,383

Normal plan

El Encanto hydro 8.3

Guanacaste I wind 25 2,417 1,686

Normal plan

Guanacaste II wind 25

Colima2 thermal 10 2,452 1,772

Emergency plan

Barranca rental DM -90

San Antonio rental DM&GT -110 2,252

Normal plan

Garabito DM 200

Pirrís hydro 128

Moín4 DM 10

Pailas geothermal 35

Toro3 hydro 50 2,675 1,861

TypePlant

2008

2009

2010

2011

Source: ICE. 
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In order to reduce the impact of a tight supply/demand balance on spot prices, the 

government decided to change the scheme to remunerate spot energy sales from the marginal 

cost to ―pay–as-bid.‖ 

150. Furthermore, CEL, a state-owned company that was unbundled during the reform but 

maintained hydroelectric generation, decided to develop a 50 MW medium-speed diesel plant 

(the Talnique project) that was commissioned by mid-2006. The decision was not justified as 

an emergency measure to improve the reserve margin or to compensate for a lack of private 

investment, and therefore sent the wrong message to private investors who saw that the  

state-owned company was not complementing but instead substituting for private investment. 

Figure 12 

 

   Source: SIGET and UT. 

151. The generation expansion plan for the next four years is defined by the generation 

projects currently under construction or ready to begin construction. About 80 MW will be 

added. Thirty-eight percent will come from renewable energy through 30 MW of power to be 

imported from the Xacbal hydroelectric project in Guatemala. Sixty-two percent will be 

delivered through medium-speed diesel plants, a 50 MW addition to the Talnique project. 

According to government-prepared simulations of the operation of the generation system, the 

new capacity will be sufficient to meet the projected electricity demand (at a 4 percent annual 

rate of growth) and to comply with the reliability standards (see Table 34). 
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El Salvador- Capacity balance 2000-2008

Installed capacity

peak monthly demand

EL SALVADOR

Electricity balance 2000-2007

(GWh)

GWh %

2000 3,377 696 4,073 7 0.2%

2001 3,647 309 3,956 12 0.3%

2002 3,866 384 4,249 10 0.2%

2003 4,077 325 4,403 7 0.2%

2004 4,156 382 4,538 7 0.2%

2005 4,481 284 4,765 9 0.2%

2006 5,194 2 5,197 11 0.2%

2007 5,321 32 5,353 6 0.1%

Source: SIGET

Energy shortageDomestic 

generation

Net 

imports
Supply
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Table 34 

 

 

152. Energy efficiency is in the early stages of development in El Salvador. The 

government’s role in energy planning and policy making has historically been weak. It was 

only in mid-2007 that the Congress decided to strengthen this role and established a National 

Energy Council responsible for preparing the energy strategy and indicative generation 

expansion plans and for establishing and monitoring energy policies and plans. Regarding 

energy efficiency, the government has established some technical norms for lighting 

equipment, developed a pilot CFL project and prepared a preliminary assessment of the 

potential for energy savings in lighting, air conditioning and industrial areas. 

153. IDB recently approved technical cooperation to finance a US$800,000 Energy 

Efficiency Program,
12

 which includes the following: basic analysis of the load curve and final 

uses of electricity; energy audits in industry and commercial buildings; a large-scale pilot 

program for installing efficient lamps in homes, schools and street lighting; design of a 

program to label and set technical norms for electric appliances; and creation of mechanisms 

to finance equipment and systems included in energy efficiency programs. 

154. Guatemala. Throughout the 2000s, Guatemala has been a net exporter of electricity 

and has maintained a reliable electricity supply with a substantial capacity reserve. In 2007, it 

had an installed capacity of about 2,100 MW to meet a peak demand of about 1,400 MW (see 

Table 35). 

                                                 
12

 El Salvador: Programa de Eficiencia Energética ES-T1119, Plan de Operaciones BID, 2008. 

El Salvador

Short-term generation expansion

GWh % GWh % GWh % GWh %

Renewable 3,339 56% 3,182 51% 3,176 49% 3,417 51%

Hydro 1,969 33% 1,809 29% 1,804 28% 2,055 31%

Geothermal 1,291 22% 1,291 21% 1,291 20% 1,291 19%

Biomass 79 1% 81 1% 81 1% 71 1%

Thermal 2,587 44% 2,999 49% 3,248 51% 3,054 46%

ST-Bunker 32 1% 37 1% 58 1% 48 1%

GT 104 2% 144 2% 223 3% 176 3%

MSD 2,451 41% 2,818 46% 2,967 46% 2,831 43%

Impors (Xacbal) 0 0% 0 0% 0 0% 173 3%

Projects under construction (MW)

Talnique MSD 50

Xacbal (imports) 30

Source:  Skoknic. Asesoría plan expansión generación.  Quinto informe.  Feb 2009. 

Note:  ST: steam turbine; GT: gas turbine; MSD: medium speed diesel

2009 2010 2011 2012
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Table 35 

 

                                                     

155. The indicative generation expansion plan in Guatemala includes in the short-term 

(2008–2012) several medium and large projects that are being developed, including: the 

Mexico-Guatemala power interconnection that will be commissioned in 2009 with a capacity 

to import 200 MW from Mexico; the 94 MW Xacbal hydroelectric plant currently under 

construction; and the 275 MW Jaguar coal-fired steam plant that recently won a competitive 

bid for a long-term power supply contract. The plan discusses a generation capacity 

expansion of approximately 1,100 MW in 2008–2012, of which about 50 percent are based 

on renewable power (mostly hydro) and 50 percent are from conventional thermal (mostly 

coal). (See Table 36.) 

Table 36 

 

      

Guatemala
Exports and capacity balance

Peak 

demand 

(MW)

Installed 

capacity 

(MW)

Reserve 

(%)

Net 

exports 

(GWh)

2000 1,017 1,668 64% 718

2001 1,075 1,672 56% 316

2002 1,119 1,703 52% 385

2003 1,185 1,843 56% 402

2004 1,256 1,997 59% 423

2005 1,290 2,088 62% 312

2006 1,383 2,039 47% 80

2007 1,443 2,154 49% 124

GUATEMALA

Short Term expansion plan

Capacity additions (MW)

2008 2009 2010 2011 2012 Total

LA LIBERTAD Steam coal 22 22

ARIZONA-VAP Steam FO6 4.5 4.5

MAGDANEW   Steam Bagasse 50 50

AMATEXII   MSDM FO6 25 25

SN.CRISTOBAL Hydro 19 19

GECSAII    MSDM FO6 35 35

INT_GUA_MEX Interconnection 200 200

DUKECOAL   Steam Coal 80 80

TECUAMBURRO Geothermal 44 44

ESI Steam Coal 75 75

RIO HONDO   Hydro 32 32

RENACE II Hydro 163 163

XACBAL     Hydro 94 94

ANIMAS     Hydro 10 10

LOS ARCOS   Hydro 198 198

JAGUAR Steam Coal 275 275

Renewables 560

Conventional thermal 567

Capacity (MW)
Technology FuelProject

Source: Ministry of Energy and Mines. 

Source: CNEE, regulatory body, 2008. 
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156. The short-term capacity and energy balances show that the reserve margin increases 

during the period and the share of fuel-oil thermal generation dwindles at the end of the 

period. The reserve margin will increase from 34 percent in 2008 to 58 percent in 2012, 

assuming that Mexico can export up to 200 MW and that the price of electricity is 

competitive in the Guatemalan wholesale market. The existing 144 MW thermal power 

capacity running on diesel oil would operate basically as cold reserve and the existing       

646 MW running on heavy fuel oil would decrease its annual plant factor from 42 percent to 

3 percent during the period (see Table 37). Therefore, new investments in hydro and coal 

generation plants would not only meet increases in electricity demand but would also 

substitute for existing fuel-oil generation. Considering that the investments in new generation 

would be made by private companies, the feasibility of this expansion plan would depend on 

the economics of new plants and the investment strategies and risk-taking appetites of new 

investors. 

Table 37 

 

  Source: CNEE, Plan de Expansión Indicativo del Sistema de Generación 2008–2022. 

157. The indicative generation expansion plan is intended to decrease future marginal 

generation costs and maintain a reliable supply. The simulation results of the expansion plan 

indicate that the marginal generation costs would decrease from the US$120/MWh range in 

2008 to US$80/MWh in 2012, assuming a minor drop in the 2008 fuel prices (9 percent for 

heavy fuel oil and 1 percent for coal). The expected value of power deficits during         

2008–2012 (considering planned and forced outages of generation units and stochastic 

variations of water flows to hydro plants) is negligible, or about 1 percent during one month 

of 2008 (see Figure 13). 

GUATEMALA

Short-term capacity balance

(MW)

2008 2009 2010 2011 2012

Existing 1,939 1,939 1,939 1,939 1,939

Hydro 703 703 703 703 703

Geothermal 38 38 38 38 38

Biomass 276 276 276 276 276

Fuel oil 646 646 646 646 646

Diesel 144 144 144 144 144

Coal 132 132 132 132 132

New 80 356 531 805 1,265

Hydro 0 18 18 301 501

Geothermal 0 0 43 42 43

Biomass 49 50 48 48 49

Fuel oil 10 68 68 68 68

Coal 21 22 154 153 410

Import 0 198 200 192 194

Total  capacity 2,019 2,295 2,470 2,744 3,204

Peak demand 1,505 1,591 1,732 1,898 2,031

Reserve 514 704 738 846 1,173

% 34% 44% 43% 45% 58%

GUATEMALA

Short-term energy balance

(GWh)

2008 2009 2010 2011 2012

Existing 7,845 7,607 6,493 6,289 5,505

Hydro 3,188 3,035 3,063 3,174 3,024

Geothermal 331 331 331 332 331

Biomass 938 938 935 939 936

Fuel  oi l 2,343 1,263 1,122 809 195

Diesel 9 1 0 0 0

Coal 1,036 1,040 1,043 1,035 1,019

New 510 2,290 3,381 4,143 6,324

Hydro 0 47 79 674 1,822

Geothermal 0 0 374 373 376

Biomass 239 239 237 239 239

Fuel  oi l 85 167 167 161 132

Coal 186 186 983 1,306 3,146

Import 0 1,651 1,571 1,390 608

Total generation 8,355 8,897 9,874 10,431 11,829

Energy demand 8,355 8,897 9,874 10,431 11,829

Deficit 0 0 0 0 0
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Figure 13. Guatemala: marginal costs and reliability 

 

          Source: CNEE, Plan de Expansión Indicativo del Sistema de Generación 2008–2022. 

 

158. Honduras. Since 2000, Honduras has experienced a tight supply/demand balance, 

mainly due to difficulties and delays in the procurement of new power supply from private 

generators under PPAs and the subproduction (below normal levels) of the 300 MW El Cajón 

hydroelectric project when water head levels in the reservoir were low. In early 2004 the 

supply situation was critical due to delays in contracting 410 MW of supply from      

medium-speed diesel plants. The generation reserve margin improved in late 2004 and in 

2005 when new diesel plants were commissioned, but it dwindled in 2006–2008 when little 

generation capacity was added and peak demand grew at seven percent per annum. 

159. In spite of a very low reserve margin (available capacity versus peak demand) shown 

in Figure 14, ENEE’s annual statistics do not report energy rationing during the last five 

years. Forced peak load shaving in some periods that is not reported in the statistics and the 

fact that the available capacity shown in the figure is conservative
13

explain the lack of 

rationing. Despite these caveats, the reserve margin is too low to provide a reliable supply. 

                                                 
13

 In ENEE’s statistics the ―firm‖ or ―available‖ capacity from private generators with PPAs refers to the 

contractual firm capacity, although the ―firm‖ capacity of some generation plants may be larger than the 

―contractual firm capacity.‖ In the case of small run-of-river hydroelectric plants, the statistics consider that 

these plants provide no ―firm‖ capacity. 
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Figure 14 

 

Source: prepared by team based on information provided by ENEE. 

 

160. The Government of Honduras is aware of the risk of energy shortfalls in the short 

term (2009–2011) and has adopted the following measures to deal with a possible energy 

crisis: 

a) rehabilitation of approximately 60 MW of old diesel plants (Puerto Cortés I and 

II); 

b) contracting supply of about 250 MW in new coal-fired plants that would be 

commissioned by 2012 but will provide about 100 MW in emergency diesel 

generation by 2010; 

c) reducing electricity losses from 25.2 percent in 2006 to 21.2 percent in 2007 

(mainly nontechnical losses) to improve revenues and reduce demand; and 

d) implementation of an energy efficiency program. 

161. In 2007, ENEE completed a study on rational energy use and load management
14

 

under the GAUREE project financed by the European Union. The study provides an analysis 

of the characteristics of electricity demand in Honduras and proposes an action plan to install 

compact fluorescent lamps (CFLs), adopt norms and standards for electrical appliances and 

implement time-of-use tariffs. By 2009, ENEE had implemented two programs for the 

distribution of six million CFLs in the residential sector, partially financed by Venezuela’s 

Alba Petrocaribe energy cooperation agreement. ENEE aims to reduce peak demand by 

about 100 MW with the implementation of these two programs, but this is not reflected in the 

demand projections. 

                                                 
14

 Propuesta de acción para ENEE en uso racional de energía y manejo de demanda, GAUREE, Agosto 2007. 

Proyecto GAUREE: Generación autónoma y uso racional de energía eléctrica. 
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162. The plan to contract the supply of 250 MW from two coal-fired plants by 2012 

experienced a setback when it was not possible to finalize a PPA with a 100 MW plant. The 

current short-term generation expansion plan envisages the addition of about 110 MW in 

2009 (51 MW in new generation projects and 60 MW in the rehabilitation of old diesel 

plants), 92 MW in 2010 (50 MW in an emergency diesel plant to be installed by the 

generator that will provide 150 MW from a coal-fired plant and 42 MW in small renewable 

plants), 100 MW in 2011 from a wind project, and 150 MW in 2012 from a coal-fired plant. 

The plan also takes into account that five PPAs for about 177 MW will expire in 2010 and 

2011 and that the 50 MW emergency diesel plant will also be retired. The proposed plan is 

not certain. The contracts for the coal plants are under discussion with the new government 

that took office in 2010. 

163. The projected capacity balance for 2009–2012 (see Figure 14) shows a capacity 

deficit of about 160 MW in 2011–2012 (the difference between peak demand and available 

capacity). This reflects the lack of the 100 MW PPA that was never finalized. The 

procurement of new power supply will take some time and the new capacity will most likely 

not be available before 2012 (see Table 38). ENEE has the option to extend the expiration of 

the PPAs or rent emergency generation to delay potential shortfalls before 2012. ENEE 

would have to rely on expensive emergency solutions to meet demand, as it has done 

historically. 

Table 38 

 

     Source: ENEE, 2008. 

164. Nicaragua. The power sector reform and privatization that took place in the late 

1990s did not live up to expectations. New investments in generation were scarce, new 

private operators were not able to control high electricity losses, and cost-reflective tariffs 

were not always easy to implement.
15

 With regard to tariffs, it should be pointed out that 

during the 2000–2005 period, when fuel oil prices remained fairly stable, necessary tariff 

adjustments were limited. During the 2005–2007 period, although fuel prices were highly 

volatile, there was a delay in tariff adjustments. Since 2007, tariff adjustments have followed 

the wholesale generation cost trends under the pass-through scheme.
16

 

                                                 
15

 Nicaragua: Energy Sector Policy Note. The World Bank, 2007. 

16
 Between January 2008 and October 2009, changes in wholesale generation costs resulted in 15 tariff 

adjustments (11 increases and 4 decreases).  

HONDURAS

Short-term generation expansion plan

Capacity additions (MW)

Project 2009 2010 2011 2012

MSD 30 50

Coal plant 150

Small projects 21 41.7

Wind project 100

Rehab. MSD 60

Termination PPA -56.6 -120

Retirement MSD -50
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165. From mid-2006 until late 2007, widespread blackouts took place due to a low 

generation reserve margin, low availability of some generation units and a drought. It is 

estimated that about 200 GWh of demand could not be served during that period and in some 

months about 15 percent of demand was rationed. From 2000 to 2006, the effective 

generation capacity had a net increase of only 50 MW and in some years it represented less 

than 75 percent of installed capacity. This capacity derating is high and unusual for         

well-maintained thermal plants (see Table 39). 

Table 39 

 

 

166. The new government that was inaugurated in January 2007 implemented an 

emergency plan to overcome the energy crisis. It obtained the support of the Venezuelan 

Government for the installation of 60 MW of high-speed diesel engines in late 2007 and     

60 MW in medium-speed diesel plants in mid-2008. It also ensured fuel supply for thermal 

generation under the Petrocaribe agreement. The National Assembly approved an emergency 

law authorizing the government to contract a supply of 120 MW in emergency thermal 

generation and the purchase of energy from the regional electricity market by the 

transmission company. The government purchased and distributed about 1.8 million CFLs in 

the residential sector and prepared short-term energy efficiency and savings programs.
17

       

A study to reduce electricity losses was completed in mid-2008 with the assistance of 

consultants.
18

 

                                                 
17

 Decreto 2-2008: Ordenamiento del uso de la energía eléctrica. Programa de desarrollo de la eficiencia 

energética en Nicaragua, ATN/JF-9884-NI. Estrategia para la eficiencia energética en los sectores productivos 

2008–2010, agosto de 2008. 
18

 Estudio de pérdidas de energía en sistemas de distribución. Informe Final 889-008-Rev02. ConCol. Julio 

2008. 

Nicaragua

National Interconnected System

Installed and effective generation capacity

(MW)

2000 2001 2002 2003 2004 2005 2006 2007

Hydro

Installed 108 108 104 104 104 104 104 105

Effective 96 94 98 98 98 98 100 99

Geothermal

Installed 70 70 78 78 78 88 88 88

Effective 21 26 34 31 30 38 40 39

Bagasse

Installed 18 18 41 77 122 127 127 127

Effective 14 14 32 61 96 108 100 102

Conventional thermal

Installed 531 529 549 566 439 439 433 499

Effective 410 402 410 406 384 384 355 416

Total capacity

Installed 726 724 772 826 742 757 751 819

Effective 541 536 574 596 608 627 595 657

% 74% 74% 74% 72% 82% 83% 79% 80%

Energy rationing (GWH) 69 136

% annual sales 3% 7%

Source: Ministerio de Energía y Minas. 
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167. The short-term generation expansion plan for 2008–2012
19

 includes new projects that 

have been commissioned, are under construction or are in an advanced state of preparation 

(see Table 40 below): 

a) The 60 MW Hugo Chávez high-speed diesel plant, 48 MW effective, was 

commissioned between February and April 2007. 

b) During 2008, 60 MW of effective new capacity were installed in Masaya, 

Managua and Tipitapa with support from ALBA. In 2009, an additional 120 MW 

were installed in Masaya, Nagore and León, while an additional 40 MW will be 

installed in Puerto Sandino in the second half of 2010. This will result in a total of 

220 MW of new fuel-oil-fired installed capacity. 

c) The 40 MW Amayo wind-power plant, developed by private investors, was 

commissioned in February 2009. 

d) In February 2010, an additional 23 MW of wind-power capacity (Amayo II) were 

also commissioned by private investors. 

e) Construction of the 220 MW Tumarin hydroelectric project, developed by 

Centrales Hidroeléctricas de Nicaragua, will begin in May 2010. 

f) Construction of the 17 MW Larreynaga hydroelectric project, developed by 

ENEL, is expected to be completed in 2012. Financing for this project is provided 

by CABEI and the Spanish cooperation agency. 

g) Construction of the 12 MW Hidropantasma hydroelectric plant is expected to 

begin in the second half of 2012.  

h) The first phase of the San Jacinto geothermal plant, developed by Polaris, will add 

an additional 36 MW in 2010. The second phase, consisting of 36 MW, is 

expected to be commissioned by the end of 2012. 

168. Most of the other projects included in the plan are being prepared and their feasibility 

depends on the results of further studies, the obtaining of financing, and other factors. 

169. The capacity balance prepared by the Ministry of Energy and Mines shows that with 

the new generation projects that were commissioned in 2008 and 2009, the reserve margin 

will increase by more than 30 percent by the end of 2009, and there should be no further 

energy shortages. The reserve margin continues to increase and by the end of 2012 should 

reach about 50 percent (see Table 41 below). This is also an indication that the expansion 

plan seeks to displace expensive thermal generation. 

 

                                                 
19

 Plan indicativo de generación 2008–2014 (escenarios referenciales), MEM. Octubre 2008. Information 

updated in April 2009 based on information from MEM. 
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Table 40 

 

   Source: MEM, Plan indicativo de generación 2008–2014. 

Table 41 

 

          Source: MEM, Plan indicativo de generación 2008–2014. 

NICARAGUA-Generation expansion plan 2007-2012
Capacity additions (MW)

I II I II I II I II I II I II

Hugo Chavez (Albanisa) HSDM diesel 48 48

ALBANISA (Bunker) MSDM FO6 60 40 80 180

Amayo Wind 40 40

Motor Fuel Oil MSDM FO6 45 45

San Jacinto 1 Geothermal 22 44 66

Boboke Hydro 70 70

Casitas Geothermal 10 45 55

Hidro Pantasma Hydro 15 15

Larreynaga Hydro 17 17

La Sirena Hydro 17 17

PNI coal conversion Steam Coal 100 100

Pajaritos Hydro 30 30

Valentin Hydro 28 28

Salto Y-Y Hydro 25 25

El Hoyo I Geothermal 40 40

Total 48 0 60 80 80 67 54 0 0 157 85 145 776

HSDM: high speed diesel, MSDM: medium speed diesel; FO6: fuel oil No. 6 403

325

Total
20092007 2008 2010 2011 2012

Renewables

Conventional thermal

Technology Fuel

Emergency plan

New projects

Projects

NICARAGUA

SHORT TERM EXPANSION PLAN

Capacity balance (MW)

I II I II I II I II I II

Hydroelectric 96 96 96 96 48 96 48 153 113 298

Existing 96 96 96 96 48 96 48 96 96 96

New 57 17 202

Other renewables 81 54 121 69 190 123 190 123 275 208

Existing 81 54 81 54 81 54 81 54 81 54

New 40 15 109 69 109 69 194 154

Geothermal 15 69 69 69 69 154 154

Wind 40 40 40 40

Total renewables 177 150 217 165 238 219 238 276 388 506

Conventional thermoelectric

Existing 359 359 359 319 297 297 264 164 164 164

FO6 304 304 304 264 264 264 264 164 164 164

Diesel 55 55 55 55 33 33

New 108 148 228 273 273 273 273 373 373 373

Diesel 48 48 48 48 48 48 48 48 48 48

FO6 60 100 180 225 225 225 225 225 225 225

Coal 100 100 100

Total conventional 467 507 587 592 570 570 537 537 537 537

Total capacity 644 657 804 757 808 789 775 813 925 1,043

Peak demand 515 535 546 567 579 601 613 637 659 684

Reserve 129 122 258 190 229 188 162 176 266 359

Semester

2008 2009 2010 2011 2012
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170. The energy balance (see Table 42) confirms that the new generation plants, mainly 

the hydropower and geothermal expansion as well as the conversion to coal of an existing 

steam plant, substitute for most of the expensive thermal generation. Generation by the Hugo 

Chávez diesel plant running on expensive diesel oil will be displaced as of 2009 by the new 

medium-speed diesel plants running on heavy fuel oil. By 2012, most of the heavy fuel oil 

generation will be displaced by low-variable cost generation (hydropower, geothermal and 

coal). The implementation of this strategy depends on the economics of the projects and the 

evolution of fuel prices in the international market. 

Table 42 

 

     Source: MEM, Plan indicativo de generación 2008–2014. 

171. Panama. The Electricity Law that reformed the power sector in Panama (Law 6 of 

1997) established a power market that relied mainly on obligatory long-term supply contracts 

to ensure sufficient supply in order to meet demand growth. To account for the small size of 

the power market, the law established initial energy supply contracts between the newly 

created generation and distribution companies, and a single-buyer model in which the 

transmission company was responsible for contracting new power supply on behalf of the 

distribution companies for a transition period of five years (1998–2002). Once the transition 

was completed, the distribution companies had the obligation to use competitive bidding 

procedures, established by the regulator, to contract out a sufficiency supply of energy in 

order to meet projected demand for the following two years. 

172. However, for various reasons the market mechanisms established in the law failed to 

attract new generation after 2004 and the net firm generation capacity actually decreased 

from 2005 to 2007. The five-year duration of supply established by the bidding procedures 

used by the distribution companies to purchase new power proved to be too short to finance 

new projects, and the ceiling prices were too low to adequately compensate for investment 

risks. High variable-cost generation units, necessary to provide reserve services, were retired 

from service when they could not obtain energy supply contracts. 

NICARAGUA

SHORT TERM EXPANSION PLAN

Energy balance (GWh)

I II I II I II I II I II

Hydroelectric 210 185 214 190 198 191 202 347 310 675

Existing 210 185 214 190 198 191 202 203 201 213

New 0 0 0 0 0 0 0 144 109 462

Other renewables 360 233 471 360 749 671 805 671 991 990

Existing 360 227 397 257 436 296 436 296 436 296

New 0 6 74 103 313 375 369 375 555 694

Geothermal 0 0 0 28 239 300 295 300 481 618

Wind 0 6 74 75 74 75 74 75 74 76

Total renewables 570 418 685 550 947 862 1,007 1,018 1,301 1,665

Conventional thermoelectric

Existing 981 833 283 308 96 152 119 85 8 4

FO6 967 826 283 308 96 152 119 85 8 4

Diesel 14 7 0 0 0 0 0 0 0 0

New 49 373 723 857 739 796 754 813 703 391

Diesel 49 38 3 3 0 0 0 0 0 0

FO6 0 335 720 854 739 796 754 609 313 104

Coal 0 0 0 0 0 0 0 204 390 287

Total conventional thermal 1,030 1,206 1,006 1,165 835 948 873 898 711 395

Total energy generation 1,600 1,624 1,691 1,715 1,782 1,810 1,880 1,916 2,012 2,060

2008 2009 2010 2011 2012

Semester
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Figure 15 

 

 

 

173. By 2006, the short-term supply/demand assessment prepared by the power dispatch 

center detected that the reserve margin was too low to ensure reliable power supply during 

parts of 2007 and that power supply was vulnerable to forced generation outages (see Figure 

15). The CND recommended taking measures to reduce this risk.
20

 In October 2006, the 

government created a state-owned generation company, EGESA, to play a subsidiary role, if 

necessary, in order to ensure a reliable power supply. EGESA acquired and rehabilitated two 

old 20 MW gas turbines to provide reserve power service. 

                                                 
20

 Informe de planeamiento operativo del SIN, I semestre de 2007. CND. Diciembre de 2006. 
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174. Concerned about possible energy shortages in the short term, the regulator prompted 

the distribution companies to submit a proposal to purchase emergency power supply. In 

2007, the distribution companies awarded contracts to three generators for the supply of 

approximately 145 MW over a five-year period (2009–2014), backed by a capacity of       

267 MW in three new medium-speed diesel plants (Giral, 50 MW; Cativa, 87 MW; and 

Colón, 130 MW). In 2007, the regulator adopted new competitive bidding procedures for 

power purchases. The procedures were successfully implemented in 2008 to award 350 MW 

of long-term supply to five hydroelectric generators. 

175. The concerns about the risk of energy shortages were valid. In May 2007, marginal 

generation costs increased to about US$400/MWh, and the monthly average cost was about 

US$260/MWh. This high price indicated that the reserve margin was too low and the risk of 

energy shortages was the main driver of the marginal costs. The increase in fuel prices could 

not explain the high generation costs (see Figure 16). 

Figure 16 

 

   Source: ASEP 
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Panama-  Generation expansion plans

Projects under construction or contracted

Hydro Thermal Total

El Giral 50

Concepción 10

Térmica Cativá 43.5 103.5

Térmica Cativá 43.5

Paso Ancho 5

Termo Colón 130 178.5

BLM-Carbón (1)

Algarrobos 9.7

Mendre 19.8

Bajo de Mina (sept) 52.4 81.9

Chan I 223

Baitún (abr) 86

Gualaca (nov) 25.1 334.1

Lorena (mar) 35.7

Prudencia (sepl) 56.2

Pando (sept) 32

Monte Lirio (sept) 51.6 175.5

Bonyic (ene) 30

El Alto (ene) 60 90
696.5 267 963.5

Source: ETESA

Total

2011

2012

2013

Project Capacity (MW)

2008

2009

2010
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176. The short-term generation expansion plan (Table 42), determined by the projects 

under construction or in an advanced state of preparation, includes 267 MW of          

medium-speed diesel to be commissioned in late 2008 and in 2009 (the emergency 

generation contracted by the distribution companies), and 697 MW from 14 hydroelectric 

projects to be commissioned by 2013 (see Figure 16 and Table 43). The capacity and energy 

balances for 2008–2011 show that the reserve margin increases from 6.1 percent in 2008 to 

19 percent in 2011 with the commissioning of new generation plants, and that the expected 

value of energy deficits is nonexistent after 2008. 

Table 43 

  

 

177. Panama, with the assistance of FIDE
21

 of Mexico, prepared a study on the end-use of 

energy in Panama and energy efficiency, which identified a substantial potential for energy 

savings in the commercial, residential and transport sectors, in 2004. The Government of 

Panama has implemented energy efficiency programs in the public sector and is currently 

implementing a program to distribute three million CFLs in the residential sector. In late 

2008, the government received about US$250,000 in technical cooperation from the IDB to 

finance a study to update the FIDE study, prepare an energy efficiency program and design 

financing schemes for energy efficiency programs. 

                                                 
21

 Fideicomiso para el Ahorro de Energía Eléctrica. 

Panama- Short-term generation expansion plan

Capacity balance (MW)

2008 2009 2010 2011

Existing

Hydro 589 589 589 589

Thermal 478 478 478 478

Purchase PCA* 80 80 80 80

Emergency plan

Thermal 0 230 230 230

New generation

Hydro 0 0 33 231

Total firm capacity 1,147 1,377 1,410 1,608

Peak demand 1,081 1,185 1,281 1,357

Reserve (%) 6.1% 16.2% 10.1% 18.6%

*/ Panama Canal Authority

Source: ETESA

Panama- Short-term generation expansion plan
Energy balance (GWh)

2008 2009 2010 2011

Existing

Hydro 3,639 3,630 3,531 3,579

Thermal 2,495 1,634 1,857 1,509

Purchase PCA* 494 429 347 344

Emergency plan

Thermal 251 1,626 1,802 1,429

New generation

Hydro 0 0 250 1,983

Total generation 6,879 7,319 7,787 8,844

Net imports (101) 12 169 (426)

Energy demand 6,773 7,323 7,944 8,410

Expected deficit 0 0 0 0

*/ Panama Canal Authority

Source: ETESA
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CHAPTER seven 

 POWER SECTOR OUTLOOK: THE LONG 

TERM 

 

 

178. This section examines the plans and issues surrounding the development of a 

sustainable electricity supply in all of the countries in the region; it also discusses the 

prospects for the development of a regional electricity market. It is organized in two 

subsections: (a) expansion projections according to each country’s priorities and resources, 

and (b) regional expansion plans that take into account the possibility of supplying a 

country’s demand with power plants located outside its geographic boundaries. 

National generation expansion plans 

179. In all of the countries that reformed their power sectors and introduced a 

competitive wholesale power market, a central institution prepares an indicative generation 

expansion plan: the National Energy Council in El Salvador, the regulatory commission 

(CNEE) in Guatemala, the Ministry of Energy and Mines in Nicaragua, and the 

transmission company (ETESA) in Panama. In Costa Rica and Honduras the vertically 

integrated state-owned monopolies, ICE and ENEE, respectively, prepare generation 

expansion plans as a guide for contracting the development of new projects and investment 

decisions (in the case of ICE). 

180. All of the countries have adopted, implicitly or explicitly, a policy of diversifying 

energy sources and developing renewable generation to reduce dependence on imported 

fuels. All of the countries use computer programs to optimize generation expansion 

(SuperOlade, which is being replaced by OPTGEN, is commonly used in most countries) 

and the operation of hydrothermal generation systems (SDDP). However, in many cases 

planners constrain the minimum-cost solution to take into account energy policies adopted 

by the governments. Generation expansion plans include: 

 Costa Rica. Plan de expansión de generación eléctrica 2008–2021. September 

2007. Updated by ICE in December 2008; 

 El Salvador. Primer ejercicio de planeación de la expansión de la generación 

en El Salvador. Esteban Skoknik. February 2009; 

 Guatemala. Plan de expansión indicativo del sistema de generación 2008–2022. 

CNEE. October 2008; 

 Honduras. Plan de expansión de generación (preliminar). ENEE. December 

2008; 

 Nicaragua. Plan indicativo de generación 2008–2014 (escenarios referenciales). 

MEM. October 2008; 

 Panama. Plan de expansión del SIN 2008-2022. ETESA. November 2008. 

181. The national expansion plans are based on electricity demand projections that are 

consistent with demand projections used in recent regional generation expansion plans, 
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although with minor differences among countries (see Table 44). The annual growth rate of 

the regional demand for 2008–2023 in the base case scenario is 5 percent, with lower rates 

for El Salvador and Nicaragua and a higher rate for Panama. In the high-demand scenario 

the annual rate of growth increases to 6.2 percent. Demand projections do not take into 

account the impact of demand-side energy efficiency programs. 

Table 44 

 

182. The national generation expansion plans take into consideration the hydroelectric 

projects that have studies (in most cases at least at prefeasibility level), geothermal and 

wind projects that have been identified, and some biomass projects. In general, these plans 

are conservative in the development of renewable power other than medium and large 

hydroelectric projects and geothermal energy, because of the lack of reliable information on 

specific projects. A review of the potential for domestic alternative energy resources for 

power generation is described in Annex 5. 

183. For various reasons, the quality of the basic information needed to evaluate 

hydroelectric projects in the long-term generation expansion plans was not good in many 

cases. Out of approximately 45 hydroelectric projects considered in the regional expansion 

plans, only about 10 projects have completed feasibility studies that may be available to the 

Bank, primarily in Honduras, Nicaragua and Costa Rica, prepared by state-owned 

companies (see Table 45). In Panama, where the development of all of the hydroelectric 

projects is controlled by private investors and many of the potential projects already have 

concessions awarded and environmental impact assessments approved, the cost information 

disclosed by private investors may not be reliable. In Guatemala, Honduras and Nicaragua, 

Central America

Energy demand projections- Base and high demand scenarios

(GWh)

CR ES GUA HDS NIC Pan CA

2008 9,564 5,599 8,355 6,747 3,222 6,694 40,181

2009 10,045 5,840 8,897 7,163 3,371 7,341 42,657

2010 10,558 6,091 9,436 7,536 3,523 7,941 45,084

2011 11,085 6,353 9,993 7,938 3,680 8,413 47,461

2012 11,638 6,626 10,555 8,334 3,844 8,882 49,879

2013 12,221 6,911 11,122 8,790 4,017 9,352 52,413

2014 12,837 7,208 11,694 9,258 4,202 9,824 55,023

2015 13,487 7,518 12,256 9,738 4,398 10,304 57,701

2016 14,179 7,841 12,823 10,231 4,597 10,813 60,484

2017 14,912 8,178 13,412 10,734 4,811 11,349 63,397

2018 15,685 8,530 14,023 11,249 5,041 11,912 66,440

2019 16,503 8,897 14,658 11,776 5,276 12,501 69,610

2020 17,367 9,279 15,319 12,315 5,527 13,116 72,923

2021 18,281 9,678 16,052 12,864 5,789 13,748 76,412

2022 19,247 10,094 16,814 13,424 6,059 14,400 80,038

2023 20,269 10,528 17,613 14,008 6,342 15,083 83,843

Annual rate of growth

/08-/23 5.1% 4.3% 5.1% 5.0% 4.6% 5.6% 5.0%

High demand scenario

2023 24,631 12,520 19,460 17,812 8,583 16,411 99,417

6.5% 5.5% 5.8% 6.7% 6.7% 6.2% 6.2%
Source:  Estudio del segundo Circuito del proyecto SIEPAC como obra planificada y fecha óptima de entrada en 

operación, SNC-LAVALIN, Octubre 2008
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many projects included in the expansion plans only have prefeasibility or preliminary 

studies completed. 

184. Based on the cost information in the regional studies database, about 50 percent of 

the hydroelectric projects considered have investment costs below US$2,500/kW, starting 

at about US$1,600/kW. However, the lower-cost projects either do not have feasibility 

studies completed or are being developed by private investors, in which case the 

information may not be reliable. The investment costs for the most attractive generation 

projects with feasibility studies completed and available are in the range of US$2,400/kW 

(Diquis and Larreynaga). 

Table 45 

 

185. Substantial differences in fuel prices and thermal generation costs are indicated in 

the national expansion plans. The plans of Costa Rica, El Salvador and Honduras use 

relatively low WTI price scenarios, ranging from US$50/bbl to US$70/bbl, while the other 

countries use WTI prices of approximately US$100/bbl. All of the plans use relatively low 

investment cost estimates for coal-fired small-scale steam units, ranging from 

US$1,500/kW toUS$2,300/kW, compared recent investment cost estimates that take into 

account the substantial increase in equipment and material prices for power generation 

equipment during the past four years due to the significant growth of global demand. The 

new investment cost estimates for small coal-fired units is about US$3,800/kW. 

186. A comparative analysis of levelized generation costs (based on the project database 

used in regional planning studies) shows that most of the hydroelectric projects with 

investment costs up to US$3,000/kW can be competitive in a scenario of relatively high 

fuel prices (WTI at about $100/bbl), especially given the high investment costs of 

Central America

Generation expansion plan

Hydroelectric projects

Capacity Investment Capacity Investment

MW US$/kW MW US$/kW

GU CHULAC PF 446 1,590 GU LOS ARCOS_GU PS 198 2,500

PA BAJO DE MINA Priv, conc. 52 1,742 PA MONTE LIRIO Priv, conc. 52 2,552

GU XALALA PF 181 1,836 NI SALTO YY PF 25 2,557

GU SERCHIL PF 145 1,837 NI LA SIRENA F 33 2,606

PA Changuinola 140 Priv, conc. 132 1,882 NI BOBOKE PS? 68 2,647

PA Changuinola I Priv, const. 223 1,883 CR SAVEGRE_CR F-exe. 200 2,729

GU XACBAL Priv, const. 94 1,915 ES CIMARRON PF? 261 2,803

NI PANTASMA Priv, const. 24 2,022 PA Changuinola 220 Priv, conc. 126 2,848

PA BONYIC Priv, conc. 30 2,148 CR TORO3 F 50 2,851

NI TUMARIN PF 160 2,176 HO
Piedras Amarillas 

(Patuca 3)
F 100 2,935

PA SANTAMARIA Priv, stud. 31 2,324 CR LOSLLANOS 84 3,070

ES EL TIGRE PS 704 2,338 CR PACUARE F 167 3,139

PA GUALACA Priv, conc. 25 2,347 ES CHAPARRAL F, const. 66 3,157

CR DIQUIS F 622 2,350 NI CORRIENTE LI 40 3,231

NI LARREYNAGA F 17 2,356 HO JICATUYO PF 173 3,321

HO TORNILLITO Priv, PF? 160 2,370 NI PAJARITOS 31 3,323

PA LORENA (Los Añiles) Priv, conc. 35 2,394 CR PIRRIS F 128 3,404

CR REVENTAZON F-exe. 300 2,422 HO La Tarrosa (Patuca 2A) PS 150 3,435

PA PANDO Priv, conc. 33 2,437 NI VALENTIN PF 28 3,543

HO Valencia (Patuca 2) PF 270 2,441 NI EL CARMEN 60 4,194

GU RENACE II_GU Priv,stud. 163 2,454 NI PIEDRA FINA PF 42 4,245

PA PRUDENCIA (Chiriquí) Priv, conc. 54 2,461 PA BARU 150 4,952

HO LOS LLANITOS 98 5,612

Source:  CEAC. GTPIR database as of October, 2008. 

PS: preliminary studies; P: prefeasibility; F: feasibility; F-exe:  feasibility ongoing; Priv.: private project; conc.: concession awarded; const.: under 

construction; ?: information is not reliable

Project ProjectState State
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conventional thermal plants. In a lower fuel price scenario (WTI of about US$60/bbl), 

hydro projects with investment costs up to US$2,500/kW appear to be competitive. In all 

cases, large combined-cycle gas turbine (CCGT) plants that can support the costs of a 

regasification terminal (larger than 500 MW) have lower levelized costs than coal-fired 

plants (see Table 46). Of course, the economics of hydroelectric projects would depend on 

other factors such as the current generation mix, capacity utilization factors, hydrology and 

storage capacity. 

Table 46 

 

187. The results of the national generation expansion plans (see Annex 2 and the 

summary in Table 47) show that in most of the countries the expansion of supply is based 

on renewable resources (87 percent in Costa Rica, 76 percent in Nicaragua and 63 percent 

in Guatemala). In Panama the share of renewables is only 43 percent, in part because the 

expansion plan did not take into consideration other potential renewable projects due to the 

incomplete information provided by the private concession-holders/developers. In             

El Salvador, the participation of renewable energy is low (31 percent) because its potential 

is limited and only projects with feasibility studies were considered in the expansion plan. 

In most cases, small coal-fired plants (200 to 250 MW units) are selected because the small 

size of the isolated national markets could not support the development of the next best 

alternative, large generation projects using liquefied natural gas (LNG). 

Central America

Generation expansion planning

Levelized generation costs

fix variable a b a b

MW US$/kW
US$/kW-

año
US$/MWh US$/MWh US$/MWh US$/MWh US$/MWh %

Hydroelectric

Low (Changuinola I, Xalala, 

Chulac, Xacbal)
944

45% to 

55%

1,600 to 

1,900
13.1 3.3

Medium (Tumarín, Baitún, 

Prudencia, Valencia, 

Larreynaga, Reventazón)

887
45% to 

62%

2,151 to 

2,461

Medium high (Diquis) 622 48% 2350 13.1 3.3

High (Toro 3, Piedras 

Amarillas, Chaparral)
215

39% to 

47%

2,851 to 

3,157

Very high (Cimarrón) 261 30% 2803 13.1 3.3

Gas turbine diesel 100 30% 729 9.8 2.4 124.8 235.0 165.7 275.9 34%

Medium speed diesel FO6 20 50% 1,885 47.1 7.5 72.0 117.3 137.6 182.9 43%

CCGT */ NG 500 80% 1,510 27.6 1.5 45.9 64.6 77.3 96.0 53%

Coal-fired thermal, PC, sub **/

Small coal 250 80% 3,775 64.39 4.2 32.3 44.3 110.2 122.1 33%

Medium coal 500 80% 3,087 64.39 4.2 31.7 43.3 97.0 108.7 34%

**/ PC: puverized coal; sub: subcritical cycle;

Discount rate 12%

Fuel prices

Economic life (years)

a b a b Hydro 40

Coal ton 75.5 107.6 2.7 3.9 Steam and CCGT 25

LNG MBTU 6.9 9.8 6.9 9.8 GT and MSD 20

Diesel oil bbl 71.2 135.3 12.3 23.4

Fuel oil No.6 bbl 51.7 87.9 8.2 14.0

WTI bbl 61.6 103.4

Source:  Estudio del segundo Circuito del proyecto SIEPAC como obra planificada y fecha óptima de entrada en operación, SNC-LAVALIN, Octubre 2008

*/ CCGT_ combined cycle gas turbine; Includes investment in regasification terminal: 231 US$/kW

US$/unit US$/MBTU

50 to 60

60 to 70

74

90 to 116

137

Variable costs Levelized costs Efficiency 

LHV
Project Fuel

Capacity Average 

plant 

factor

Invest- 

ment

O&M Cost



 

100 

Table 47 

 

188. Although the levelized generation costs of new hydroelectric plants, based on a     

12 percent rate of return, can be as low as US$55/MWh, the project costs and risks for 

private investors are much higher. Recently, for the development of the Xalalá power plant 

and using a ceiling energy price of US$75/MWh, Guatemala was not able to attract any 

private investor although, based on existing investment cost information, the levelized cost 

for this project could have been as low as US$55/MWh. In Panama, the distribution 

companies recently awarded a long-term power supply contract to AES at an average fixed 

price of approximately US$93/MWh,
22

 much higher than US$55/MWh, the levelized 

generation cost estimated for the Changuinola I project in the regional expansion plans.
23

 

Private investors face country, project and market risks in the development of hydroelectric 

projects, especially if the expectation of being compensated by at least a 12 percent rate of 

return on investment does not exist. Environmental impact mitigation costs are high for 

hydro projects and uncertain for medium and large projects. In some cases, where complete 

feasibility studies are not available to provide reliable cost estimates, it is not even clear if 

the available cost estimates include the costs of the transmission needed to connect the 

project to the national grid.  

Regional generation expansion plans 

189. Regional generation expansion plans are prepared periodically by the Central 

America Electrification Council (Consejo de Electrificación de América Central-CEAC), a 

regional institution responsible for promoting the development of a regional market and the 

use of renewable resources. CEAC established a working group (Grupo de Trabajo de 

Planificación Indicativa Regional–GTPIR), comprised of energy planners of the Central 

American countries, to prepare the generation expansion plans. A regional expansion plan 

for 2008–2022 was expected by the end of 2008, but its publication has been delayed. The 

available expansion plan is outdated and does not reflect the revision of investment costs 

for new generation projects.
24

 

                                                 
22

 Informe de evaluación del acto de libre concurrencia LPI No. Edemet-01-08. September 2008. 
23

 AES expects to commission Changuinola I in early 2011, after which time this would most likely be the 

primary means of meeting its obligations under the long-term supply contract.  
24

 Plan Indicativo Regional de Expansión de la Generación, periodo 2007–2020. April 2007. 

Central America

National generation expansion plans */

Capacity net additions (MW)

CR ES GUA NIC HDS PA CA

Hydroelectric 1,519 327 1,464 385 821 761 5,276

% 65% 25% 58% 40% 42% 43% 49%

Geothermal 175 77 44 306 602

% 7% 6% 2% 32% 6%

Other renewable 335 80 40 268 723

% 14% 3% 4% 14% 7%

Conventional thermal 308 850 717 220 859 1,017 3,970

% 13% 66% 29% 23% 44% 57% 37%

Imports 30 200 230

% 2% 8% 2%

*/ Planning horizon 2008-2022, except Nicaragua 2008-2014
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190. The Executive Secretariat for the SIEPAC project recently commissioned an 

economic evaluation of the optimal timing for the second circuit of the SIEPAC project.    

A report on this evaluation was issued in October 2008 and includes the analysis of 

regional generation expansion scenarios and projected levelized generation costs, based on 

the project database prepared by GTPIR in mid-2008.
25

 We leveraged the results of this 

study to illustrate some of the issues related to the regional generation expansion plans. 

191. The regional study considers four basic planning scenarios, all based on different 

assumptions about demand growth, fuel prices and regional integration (Table 48). 

Scenario R3 is useful for this analysis because it takes into consideration integrated 

expansion planning, reasonable oil prices and high demand growth, and does not have 

constraints in the selection of generation expansion options. 

Table 48 

 

192. The results of the generation expansion plan for scenario R3 are shown in Annex 3 

and summarized in Table 49. The 40 percent proportion of hydroelectric generation in the 

expansion plan is substantial at the regional level because most of the hydroelectric projects 

that are assumed to have investment costs below US$3,000/kW are included in the 

expansion plans (see Annex 3). With high oil prices and high investment costs for coal and 

LNG projects, most of the hydropower potential is competitive. In some cases, 

thermoelectric projects were added when no additional hydropower projects were left in the 

list of generation candidates. In El Salvador, the share of hydropower is low because only 

                                                 
25

 Estudio del segundo circuito del proyecto SIEPAC como obra planificada y fecha óptima de entrada en 

operación, SNC-LAVALIN, October 2008. 

 

Escenarios de Expansión de Generación

Escenario Característica Demanda

Precio 

Combustib

les Tipos y tamaños de Proyectos 

A

Autosuficiencia 

plena de los 

países

 Media Alto

Hidráulicas menores de 300 MW o costo de

inversión inferior a 500M$, Geotermia, CCGNL,

CCDS, MMV, TGDS, VAPC. Se aceptan proyectos

comprometidos en los planes nacionales con

valores mayores a los mencionados

R1
Proyectos escala 

Regional 1
 Media Alto

Hidráulicas o térmicas menores a 300 MW o costo

de inversión inferior a 500M$, Geotermia, CCDS,

MMV, TGDS, VAPC 

R2
Proyectos escala 

Regional 2
 Media Alto

Hidráulicas menores de 300 MW o costo de

inversión inferior a 500M$, Geotermia, CCGNL,

CCDS, MMV, TGDS, VAPC. Se aceptan proyectos

comprometidos en los planes nacionales con

valores mayores a los mencionados

R3
Proyectos escala  

Regional 3
 Alta  Base

Hidráulicas y térmicas de cualquier tamaño,

Geotermia, CCGNL, CCDS,  MMV, TGDS, VAPC

CCGNL : Ciclos Combinados de Gas Natural Líquido

CCDS   : Ciclos Combinados Diesel

TGDS   : Turbinas de Gas Diesel

MMV    : Motores de Media Velocidad

VAPC   : Vapor de Carbón 

Source: Estudio del segundo Circuito del proyecto SIEPAC como obra planificada y fecha óptima de entrada en 

operación. SNC-Lavalin International Inc. 28 Octubre 2008
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two hydroelectric projects were included in the list; furthermore, one of the two,                

El Cimarrón, has a high levelized generation cost. 

193. The expansion plan takes into consideration a large share of conventional thermal 

generation, primarily in 500 MW CCGT projects with LNG, that are competitive despite 

the high costs of a regasification terminal complemented by large 500 MW coal-fired 

plants, which are able to take advantage of economies of scale. The added coal-fired 

capacity in Honduras and Guatemala is large because these countries have recently 

contracted power supply from coal-fired plants (250 MW in Honduras and 275 MW in 

Guatemala) that will be commissioned after 2010. 

194. In general, the expansion of generation capacity exceeds the need to meet demand 

increases and takes into account a reasonable capacity reserve of approximately 30 percent. 

Although the report does not provide information on the contribution of diesel plants to 

total generation, it is likely that the new low-variable-cost plants may substitute for a 

substantial portion of the generation of existing medium-speed diesel plants. 

Table 49 

 

Source: Second circuit Project study. SIEPAC SNC-LAVALIN, October 2008. 

195. Mobilizing financing for the development of medium and large hydroelectric and 

thermoelectric projects in the region is a major challenge. In many countries distribution 

companies have to contract long-term energy supply to meet a large portion of their 

projected demand growth using competitive bidding procedures established by the 

regulatory authority. Such is the case in Panama, Guatemala and El Salvador. The other 

countries in the region use different financing schemes. 

196. From 2002 to 2007, Panama had difficulties in mobilizing new investments in 

generation. For a variety of reasons there was no response to the bidding processes initiated 

by the distribution companies. Existing and new generators preferred project finance 

schemes to develop the new projects and the duration of the contracts established in the 

bidding documents was initially too short to guarantee the cash flow required for       

capital-intensive projects. The distribution companies established ceiling prices in some 

cases or special conditions that were not acceptable to bidders. Finally, in 2008, when the 

duration of the contract was increased to 10 years and the bidding procedures were        

SIEPAC Second circuit project study

Generation expansion- Scenario R3

Total capacity added in 2010-2022

MW % MW % MW % MW % MW % MW % MW %

1,200 41% 750 69% 975 47% 1,915 71% 544 40% 1,120 55% 7,004 55%

LNG 500 17% 500 46% 500 24% 1,000 37% 500 37% 1,000 49% 4,500 36%

Coal 500 17% 250 23% 430 21% 805 30% 0 0% 120 6% 2,105 17%

Other 200 7% 0 0% 45 2% 110 4% 44 3% 0 0% 399 3%

35 1% 130 12% 44 2% 0 0% 339 25% 0 0% 548 4%

80 3% 0 0% 0 0% 0 0% 0 0% 0 0% 80 1%

1,601 55% 212 19% 1,047 51% 798 29% 464 34% 917 45% 5,039 40%

2,916 100% 1,092 100% 2,066 100% 2,713 100% 1,347 100% 2,037 100% 12,671 100%

2,818 1,327 2,175 2,188 1,000 1,611 11,120

Wind E

Hydro H

Total

COSTA RICA PANAMA
CENTRAL 

AMERICA

Peak demand +30% 

reserve

GUATEMALAEL SALVADOR HONDURAS NICARAGUA

Thermal-conventional

Geothermal G
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fine-tuned, the distribution companies were successful in awarding long-term firm supply 

bids of 350 MW, backed by the development of seven new hydroelectric projects.
26

 

197. Distribution companies in Guatemala have been successful in attracting private 

investment for generation expansion through competitive bidding procedures. The latest 

and largest bid request by DEOCSA and DEORSA, two private distribution companies of 

the Unión Fenosa Group, was awarded in 2008 to the 275 MW Jaguar power project for  

15-year supplies of 200 MW from a coal-fired plant beginning in 2012. 

198. In Guatemala, the state-owned generation company is promoting the development 

of large hydroelectric projects. For the past two years INDE has tried unsuccessfully to 

attract a strategic partner to develop the Xalalá hydroelectric project under a BOT scheme, 

in which INDE would be responsible for the development of the transmission lines needed 

to connect the project to the national grid and for signing a 30-year PPA with an energy 

price ceiling of US$75/MWh. The bidding process was completed in late 2008, but no 

proposals were submitted from any of the six international companies that were 

prequalified. 

199. El Salvador had difficulties from 2000 to 2007 in attracting private investments for 

generation expansion to meet demand growth in a wholesale market that did not require 

distribution companies enter into long-term contracts. In 2007, the legal framework for the 

operation of the power sector was adjusted to require long-term contracts to meet at least  

50 percent of the demand growth, awarded under competitive bidding procedures. The first 

bidding process for a 15-year supply of 30 MW was awarded to a hydroelectric project 

under construction in Guatemala (the Xacbal hydro project). 

200. In El Salvador, the state-owned generation company, CEL, is developing the 

Chaparral hydroelectric project under a conventional scheme. CABEI is responsible for the 

financing and the company is utilizing a turnkey construction contract. CEL is trying to 

obtain financing for the El Cimarrón hydroelectric project. 

201. In Honduras, the state-owned company, ENEE, has been successful in attracting 

private investors to develop new generation to meet demand, primarily medium-speed 

diesel plants under long-term power purchase agreements. In 2008, ENEE awarded a 

contract for a 20-year supply of 150 MW from a coal-fired plant. The government is 

pursuing bilateral agreements with friendly governments to develop additional hydropower 

projects. It completed a feasibility study of the 100 MW Piedras Amarillas hydroelectric 

project (previously known as Patuca 3) and it has negotiated a 30-year BOT contract with 

Taipower for the development of the project under a technical cooperation agreement with 

the Government of Taiwan. Under this arrangement ENEE is responsible for the 

development of the transmission lines needed to connect the project to the national grid and 

for the execution of the environmental impact studies and mitigation plans. ENEE is also 

discussing with a Brazilian group the development of two multipurpose hydroelectric 

                                                 
26

 141 MW to AES Panama (Changuinola I Project); 20 MW to Hydro Caisán (El Alto 60 MW project);        

46 MW to Electron Investment (Montelirio 52 MW and Pando 32 MW projects); 91 MW to Alternegy 

(Prudencia 56 MW and Lorena 35 MW projects); and 20 MW to Bontex S.A. (Gualaca 20 MW project). 
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projects (Jicatuyo: 173 MW, Llanitos: 98 MW) in two stages under a BOT arrangement. 

The feasibility studies for the two projects will be completed during the first stage. 

202. In Costa Rica, ICE is using different types of financing schemes for new generation 

projects. Under the first type of scheme a project trust fund is created with the objective of 

financing, building and commissioning the project. The fund is controlled by a major local 

bank, which obtains project financing from bond issues or loans, backed by revenues from 

a lease agreement with ICE for 12 to 14 years. The trust fund contracts the engineering and 

construction of the project with ICE. ICE holds a purchase option on the project. This 

scheme has been used successfully for the development of the Peñas Blancas (35 MW) and 

Cariblanco (80 MW) hydroelectric projects and will be used for the development of the  

200 MW Garabito thermoelectric power project. 

203. The second type of scheme used in Costa Rica applies the provisions of Law 7508 

of 1990 (amended by Law 7508 of 1995) for the development of renewable energy by 

private investors under BOT schemes. Projects with an installed capacity of up to 50 MW 

and PPAs for up to 20-year durations are eligible. ICE has applied this provision 

successfully to the development of the 27 MW Miravalles III geothermal project, the        

50 MW La Joya project, the 39 MW El General hydroelectric projects and the 49.5 MW 

Guanacaste wind farm. 

204. The third type of scheme used by ICE for larger hydroelectric projects is 

conventional balance-sheet financing. However, Law 8860, which was enacted in 2008 to 

enhance the competitive position of ICE in a liberalized telecommunications sector, widens 

the financing options for ICE. It allows ICE to enter into strategic alliances or any kind of 

partnership, as needed, with local or foreign firms that are either public or private, to fulfill 

its obligations and objectives. 

205. Before 2009, Nicaragua had difficulties in mobilizing private investment for 

generation expansion primarily because of the lack of advanced feasibility studies for 

hydroelectric, geothermal and wind-power projects.
27

 The new government obtained the 

support of the Venezuelan Government (grants, soft loans and fuel supply) for the 

development of 240 MW in emergency thermal generation to eliminate energy shortages in 

2007. The indicative generation expansion plan includes several hydroelectric and 

geothermal power projects, but financing is not guaranteed for most of these projects. The 

state-owned generator ENEL obtained CABEI financing for the development of the 17 MW 

Larreynaga hydroelectric project, but still faces numerous challenges because the initial 

bids for a turnkey construction contract were too high, and it is trying to arrange financing 

under BOT schemes for the development of the La Sirena (17.5 MW) and El Barro          

(25 MW) hydroelectric projects. 

Development of a regional electricity market 

206. Historically, electricity trade in the region was generally limited to trades in the spot 

market to either take advantage of energy surpluses or differences in marginal generation 

                                                 
27

 This situation appears to have improved as of April 2010, as reflected by a relevant number of projects with 

private participation currently under construction or close to commissioning (see para. 210). 
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costs. There was more active trading in the early 2000s, restricted only by the capacity of 

the existing transmission link, but trade dwindled in recent years mainly due to a tight 

supply/demand balance in most of the countries of the region (see Table 50). This situation 

is expected to change with the commissioning of the SIEPAC project and actions taken in 

most of the countries to expand generation capacity and to improve the generation reserve 

margin. 

Table 50 

 

207. The development of a regional power market in Central America is constrained by 

the power flows allowed by the interconnection grid and regulatory barriers (discussed later 

in this report), among other issues. The transmission capacity to make power interchanges 

between countries increases as new transmission links are commissioned (see Table 51). 

The Mexico-Guatemala interconnection, scheduled to be commissioned in 2009
28

, is 

expected to be able to support 200 MW power flows from Mexico to Guatemala. The 

SIEPAC project, expected to be commissioned in 2010
29

, would increase the capacity of 

power interchanges between most countries in the region to 300 MW. New transmission 

projects that are being considered could further increase the transmission capacity to 

develop a regional market. The second circuit of the SIEPAC project could increase trade 

capacity to 600 MW between countries (450 MW between Costa Rica and Panama) and the 

Panama-Colombia DC link could provide a 300 MW capacity for power interchanges. 

                                                 
28

 The trial period for the Mexico-Guatemala interconnection began on October 27, 2009 and the 

interconnection began commercial operations on April 22, 2010. 
29

  It is estimated that operations of the first section of the SIEPAC will begin in the third quarter of 2010, 

with full operations of all the sections beginning in the first quarter of 2012. 

Central America

Electricity trade

GWh

CA

Export Import Export Import Export Import Export Import Export Import Export Import Trade

1985 60 0 0 0 0 0 134 6 11 198 1 0 206

1990 32 186 10 11 11 10 337 3 3 71 29 119 422

1995 11 36 65 30 30 65 30 12 77 63 78 85 290

2000 497 0 112 808 841 123 13 288 1 116 15 133 1479

2001 240 1 44 353 369 53 0 308 0 17 118 43 771

2002 440 36 51 435 440 55 0 415 7 15 49 35 986

2003 119 41 103 428 424 23 0 337 21 12 181 2 848

2004 312 82 84 466 464 41 0 392 22 23 207 78 1089

2005 70 81 38 322 335 23 3 58 8 23 106 55 560

2006 26 104 9 11 88 8 11 7 0 53 83 34 218

2007 5 162 7 38 132 8 23 12 0 64 125 9 292

/00-/07 1,709 508 445 2,861 3,094 334 51 1,818 59 323 885 389 6243

Source: CEPAL-Istmo Centroamericano-Estadísticas Subsector Eléctrico 2007

CR ES GUA HDS NIC PAN



 

106 

Table 51 

 

Source: SIEPAC Project second circuit study for planning work and optimal operation start date. SNC-Lavalin 

International Inc. October 28, 2008. 

208. The SIEPAC project is a 1,800 km long, 230 kV single-circuit transmission line, 

with 15 substations, comprised of 20 transmission segments (see Figure 17). The 

investment cost of the project is estimated to be about US$420 million, financed primarily 

by IDB (US$240 million), CABEI (US$130 million) and US$50 million of equity 

contributions from nine shareholders of the EPR (the six Central American countries, 

ENDESA of Spain, ISA of Colombia and CFE of Mexico). 

Figure 17 

 

     

209. The chronology of the SIEPAC project is summarized in Figure 18. The 

transmission company (Empresa Propietaria de la Red–EPR) was created in 1998, 

ENDESA joined in 2001, ISA in 2005 and CFE in 2008. Project financing was obtained 

from IDB in 2002. The main norms and regulations for the operation of the regional market 

(Reglamento del Mercado Regional–RMER) were adopted by the end of 2005. The primary 

contracts for the construction of the transmission lines and the acquisition of equipment and 

Source: EPR–SIEPAC Project progress –General Project Presentation -August 2008. 
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materials were awarded in 2006; construction began in 2008. A new telecommunications 

company, REDCA, responsible for the commercial operation of the fiber optic cable 

installed on the line, was created in 2007. According to a construction schedule revised in 

October 2008, the transmission segment in Panama was expected to be completed in 

September 2009; the segments in Guatemala and Honduras were supposed to be ready by 

December 2009 and those in El Salvador and Nicaragua in March 2010
30

. Construction of 

the transmission line in Costa Rica is delayed due to difficulties in obtaining rights of way; 

all of the segments are expected to be ready in June 2010, except for segment 17, Palmar 

Norte-Parrita, which will be delayed at least until 2011, depending on when rights of way 

are finally obtained. 

Figure 18 

 

             Source: EPR–SIEPAC Project progress –General Project Presentation -August 2008. 

210. In 1996, the six Central American countries signed the Framework Treaty for the 

Central American Electricity Market, ratified in 1998, which creates the regional energy 

market (MER) based on the principles of competition, gradualism and reciprocity. The 

treaty states that the regional market will include a spot market based on regional economic 

generation dispatch, and a medium- and long-term contract market. It also states that the 

governments will establish adequate conditions for the future development of regional 

power plants.
31

 

211. To support the development of MER, the treaty created the regional regulatory 

commission CRIE (Comisión Regional de Interconexión Eléctrica), the regional system 

operator EOR (Ente Operador Regional) and the EPR. It was also established that the 

                                                 
30

 It is estimated that operations of the first section of the SIEPAC will begin in the third quarter of 2010, with 

full operations of all the sections beginning in the first quarter of 2012. 
31

 This section on the development of the regional electricity market is a summary of portions of the 

preliminary draft report of the regulatory module, prepared by consultant Alberto Brugman. 
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general regulations to implement and adjust the treaty will be developed in protocols signed 

by the governments. The first protocol was agreed in 1998; it was the basis for the design of 

the regional market and the preparation of detailed regulations for the operation of the 

market during the transition period before the SIEPAC project is commissioned (temporary 

regulations for the MER-RTMER). The final regulations (RMER) were adopted in 2005. 

212. The regional electricity market established in the treaty and developed in the RMER 

is not an integrated regional electricity market but rather a seventh market superimposed on 

the six national markets. It is intended to operate based on the following premises: 

a) Regional electricity trade can take place in a regional contract market and a spot 

market; 

b) All MER agents, with the exception of the transmission companies, can 

purchase and sell electricity freely and will have open access to the transmission 

system; 

c) MER generation agents can install power plants in any of the member countries 

and sell energy at the regional level; 

d) The MER is a market with its own rules, independent of the national markets, 

and makes energy transactions using the regional transmission grid (RTR) and 

the national networks. The points of connection between the MER and national 

markets are the nodes of the RTR. 

213. The contract market of the MER is made through bilateral agreements for the 

purchase/sale of electricity between qualified agents located in different countries, which 

must comply with national regulations and RMER. The contracts can be ―firm,‖ meaning 

that the purchasing agent has priority of supply, or non-firm. The RMER does not establish 

limitations on the duration of any of these contracts. The ―firm‖ contracts would facilitate 

the financing of regional power plants, because the generator can sell energy to agents in 

other countries on a long-term and firm basis. An agent in any country can rely on        

long-term energy supply from another country to meets its demand. 

214. The operation of ―firm‖ regional contracts has major implications because, in the 

case of energy shortages, power supply to the purchasing agent will have priority over 

supplying domestic demand in the country in which the generation plant is located. 

Furthermore, CRIE, in coordination with local regulators, would have to certify the amount 

of firm energy that is available for trade under firm contracts; the parties under a firm 

contract would need to obtain the required transmission rights in the RTR. Non-firm 

contracts are short-term (as short as one day) bilateral agreements between agents located 

in different countries used to adjust their long-term contractual position and to take 

advantage of opportunities for economic energy interchanges. 

215. The regional spot market is a centralized day-ahead market based on price bids of 

the regional agents for incremental withdrawal/injection of energy at the nodes of the RTR 

during the following day. The regional spot market uses nodal prices (marginal generation 

prices of each node of the RTR) determined by price bids and economic dispatch, subject to 

transmission constraints. 

216. The application of the RMER will be strengthened by a Second Protocol signed in 

2007 and ratified by five countries (it is only awaiting ratification by the National Congress 
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in Costa Rica). This protocol defines the basic regime of penalties and sanctions for 

noncompliance with the treaty and its regulations to be applied by CRIE and clarifies the 

following: conflict resolution procedures; the RTR includes the SIEPAC project as well as 

future regional lines and the national transmission grids necessary for regional trade; all 

agents operating in the national markets (generators, distribution companies, traders and 

large consumers) are MER agents; and the governments will take the necessary actions to 

gradually align national regulations with regional regulations. 

217. The design and regulations of the regional market provide a regulatory framework 

that allows and promotes long-term firm power trade among Central American countries 

and facilitates the development of regional generation plants. However, the analysis of 

market regulations identified several obstacles to achieving this goal. The main barriers are 

summarized below: 

 Lack of reciprocity. While El Salvador, Guatemala, Nicaragua and Panama 

have unbundled their power sectors and established competitive wholesale 

power markets, Costa Rica and Honduras kept a vertically integrated           

state-owned company that may limit access to their domestic markets by 

generators from other countries. Although the treaty requires a separation of 

accounts, in this case this measure may not be enough to facilitate trade. 

 Priority of domestic demand. The operation of long-term firm regional 

contracts is not compatible with the application of rules that give priority to 

domestic demand in the case of energy shortages. Some countries, such as El 

Salvador and Guatemala, have adopted regulations that give preference to firm 

regional contracts in energy supply, but other countries, such as Panama and 

Honduras, maintain explicit norms that give priority to domestic demand. 

 Price controls and generalized subsidies. Over the last four years, countries in 

the region, such as El Salvador and Nicaragua, have introduced price controls in 

the spot market and generalized subsidies to mitigate the impact of high fuel 

prices on electricity tariffs. The application of these practices in the future 

would limit opportunities for long-term contracts and short-term transactions in 

the regional market. 

 Transmission rights. The energy supply contracts required durations of 10 to 

15 years to facilitate the financing of capital-intensive generation projects. The 

RMER requires that firm long-term contracts must have transmission rights, but 

current regulations and methodologies only allow transmission rights to be 

allocated for a maximum of two years. 

 Lack of regulatory alignment. The Executing Agency of the SIEPAC project 

is currently working on aligning regional and national regulations and the 

strengthening of regional institutions (CRIE and EOR) with the support of an 

IDB technical cooperation grant. However, it is likely that the available 

financial resources will only be sufficient to address the essential problems of 

lack of alignment at the operational level or the need for operational capacity 

building. 
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 Limited capacity and resources in CRIE, the regional regulator. Addressing 

the more substantial alignment problems would require additional analysis and 

the preparation of a strategy that uses a political economy approach. However, 

there is a lack of technical staff and computerized support in CRIE. In addition, 

the commissioners only meet about four times a year. Under these 

circumstances, CRIE’s role could become very weak and could face the risk of 

being developed in an environment where national interests may prevail over 

regional ones. It is evident that the CRIE requires urgent institutional 

strengthening to foster an adequate preparation of the platform for the initial 

operations of the MER. Temporary financial support would be required to deal 

with this issue until a more sustainable MER operation is reached, in which 

stable financial resources would be provided to cover CRIE’s operational 

budget. 

 Bilateral agreements independent from the MER. Guatemala/Mexico and 

Panama/Colombia are in the process of interconnecting their respective power 

systems to permit future bilateral international electricity interchanges. In both 

cases bilateral agreements are being discussed or are advancing in their 

implementation independently from the MER. MER agents could face barriers 

to access international links as part of the RTR if proper coordination 

mechanisms with MER regulations are not defined. 

SUSTAINABILITY OF GENERATION EXPANSION PLANS 

218. A fundamental question that arises in the context of generation expansion, either 

based on national or regional plans, concerns the financial sustainability of new projects. 

Annex 4 includes an in-depth analysis of this question. Ultimately, paying for new 

expansion projects requires that generation costs be included appropriately in consumer 

tariffs. Table 52 shows estimates of short-run marginal costs for the medium term, along 

with the generation component in the average tariff. 
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Table 52 

Average Short Run Marginal Cost (+ Capacity Component) and Generation Cost in Average Tariff (US$/MWh) 

 2009 2010 2011 2012 

Costa Rica     

Cost @ WTI $55/bbl 123 98 66 64 

Cost @ WTI $75/bbl 129 128 88 85 

Tariff component 96 96 96 96 

Honduras     

Cost @ WTI $55/bbl 69 66 60 61 

Cost @ WTI $75/bbl 69 88 77 78 

Tariff component  65 65 65 65 

Nicaragua     

Cost @ WTI $55/bbl 73 70 66 65 

Cost @ WTI $75/bbl 76 92 84 84 

Tariff component 92 92 92 92 

El Salvador     

Cost @ WTI $55/bbl 72 64 52 53 

Cost @ WTI $75/bbl 72 85 68 70 

Tariff component 102 102 102 102 

Guatemala     

Cost @ WTI $55/bbl 63 56 52 53 

Cost @ WTI $75/bbl 63 77 67 69 

Tariff component 129 129 129 129 

Panama     

Cost @ WTI $55/bbl 128 91 66 62 

Cost @ WTI $75/bbl 128 119 89 84 

Tariff component 158 158 158 158 

Central America     

Cost @ WTI $55/bbl 89 74 60 60 

Cost @ WTI $75/bbl 89 98 79 78 
Source: SDDP simulations including US$10/MWh as capacity component of energy cost. 

219. The data in this table indicate that in most countries, with the exception of 

Honduras, the current component of generation in the tariff appears to be sufficient to cover 

generation costs, including those associated with WTI prices of US$75/bbl. Naturally, if oil 

prices were to return to the prevailing levels of early 2008, i.e., around US$150/bbl, then 

the reference cost would be likely to double. In this case the generation component of 

tariffs would be insufficient to cover costs. It is important to point out that the costs 

resulting from the simulation are prone to an underestimation of the real price at which 

private entrepreneurs are willing to undertake the risks of developing new projects, because 

they do not take into account the risk premium required to justify undertaking the projects 

(e.g., the environmental and social risks associated with building a greenfield plant). For 

example, a relatively recent tender to develop a new hydropower plant in Guatemala failed 

to elicit a response for the reference price of around US$75/MWh. Consequently, the large 

margin between the generation component of the tariff and the simulation cost could very 

well be smaller. However, an initial approach to the problem appears to indicate that the 

expansion plan is sustainable. 
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Annex 1: Description of national wholesale electricity markets 

 

1. COSTA RICA 

In Costa Rica the provision of electricity services is mainly the responsibility of the Costa 

Rican Institute of Electricity (Instituto Costarricense de Electricidad [ICE]), a fully 

integrated company, but no competitive wholesale electricity market has yet been 

structured in this country. In Costa Rica’s electricity system, ICE dispatches energy with a 

minimum cost criterion through a centralized process. 

ICE sells electricity in bulk to its subsidiary, the National Light and Power Company 

(Compañía Nacional de Luz and Fuerza [CNLF]) and to small municipal enterprises and 

cooperatives that operate in the country. For this purpose, it levies tariffs for the sale of 

bulk electricity, determined by the national regulatory agency (ARESEP) using a pricing 

methodology based on the cost of service. In addition, ICE purchases electricity from 

several independent producers who have built small power stations using renewable energy, 

with energy purchase prices established mainly through competitive processes promoted by 

ICE. 

2. HONDURAS 

The case of Honduras is similar to that of Costa Rica. The National Electricity Company 

(Empresa Nacional de Energía Eléctrica [ENEE]) is the integrated enterprise in charge of 

providing electricity services. ENEE dispatches energy through a centralized process, using 

a minimum cost criterion, and no competitive wholesale electricity market has yet been 

structured in the country. ENEE acquires part of its energy through PPAs (Power Purchase 

Agreements) from several independent producers who have built new power plants that 

were promoted and contracted by ENEE. 

3. NICARAGUA 

3.1 Wholesale electricity market 

The products that are purchased and sold in Nicaragua’s Wholesale Energy Market 

(Mercado de Energía Mayorista de Nicaragua [MEMN]) are energy and power.
32

 

Consumer agents and producer agents who conduct commercial operations participate in 

this market. 

A consumer agent is considered to be: a) a distributor who conducts marketing activities in 

his concession area; b) a large-scale consumer who purchases at wholesale level by means 

of contracts and in the spot market; c) each self-producer who purchases deficits; d) an 

export contract in an international interconnection; i.e., another country’s demand which 

corresponds to said contract and is represented by the local market agent who is the seller. 

                                                 

32
 In addition, the following services are transacted in the MEMN: a) transmission service, remunerated 

through regulated tariffs in accordance with the Transmission Regulations, b) auxiliary services, with          

pre-established remuneration methodologies, and c) operational and dispatching service and market 

administration, remunerated in accordance with the criteria and procedures in said regulations. 
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The consumer agent’s obligations and rights stemming from another country’s demand 

associated with an export contract correspond to the local agent who is the seller under said 

contract. 

A production agent is considered to be: a) a generator; b) a self-producer who sells 

surpluses; c) a co-generator; d) an import contract in an international interconnection, i.e., 

another country’s power generation which corresponds to said contract and is represented 

by the local market agent who is the purchaser. The production agent’s obligations and 

rights in Nicaragua’s wholesale market stemming from another country’s power generation 

correspond to the local agent who is the purchaser under said contract. 

Each market agent is authorized to conduct commercial operations in the contract market 

and in the spot market. Trading between the spot market and the short-term markets of 

other countries will be mediated and coordinated through the National Dispatch Center 

(CNDC) and the corresponding system operator and market administrator (OS&M) of the 

other country. A wholesale market company of another country may conduct operations in 

the contract market. This company will become an external agent provided that it has a 

current import or export contract in the contract market, but it will not be authorized to 

operate directly in the spot market. 

A production agent who is a market agent may: a) through contracts, purchase power and 

energy from another production agent in order to commercialize it in the market; b) through 

contracts or in the spot market, sell power and/or energy of his own or contracted through 

third parties; c) through contracts or in the spot market, purchase the lacking power and 

energy with respect to his contractual commitments. 

A consumer agent who is a market agent may conduct the following commercial operations 

related to energy and power: a) through contracts or in the spot market, purchase his 

demand for power and energy consumption; b) sell surplus power and energy (not required 

for his own consumption or that of his customers) in the spot market with respect to his 

contractual commitments; c) partially or fully sell contracts in which he is the purchaser, in 

the contract market. A distributor will require the INE’s prior authorization to verify that 

said transaction does not negatively affect the tariffs of the distributor’s customers. 

3.2 Spot Market 

The MEMN’s spot market is based on the economic dispatch of power generation, which is 

defined as the administration of offered generation resources and of the available 

transmission capacity and international interconnections in order to meet the requirements 

of the demand for local electricity and in international interconnections, minimizing the 

associated supply cost under the priorities defined by the quality and safety criteria. 

Transactions in the spot market are those conducted on the hourly closing for energy and 

the daily closing for power, between generation and real consumption, and the commercial 

commitments made in the contract market. A country with hourly demand for spot 

exportation, i.e., outside of contracts, purchases energy from the Nicaraguan spot market, 

while a country with hourly supply for spot importation sells energy to that same market. 

Each hour, the diversion that arises between the scheduled exchange in an international 

interconnection and the real exchange will be called inadvertent energy and is valued at the 

spot market price until the MER regulation begins operating and rules are established for its 

valuation and payment.  
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3.2.1 Energy transactions 

Energy transactions in the spot market are conducted at the hourly price of energy, 

stemming from the short-term marginal cost of generation for an unrestricted condition. To 

calculate it, CNDC utilizes the model with which it performs the daily economic dispatch 

and performs an unrestricted dispatch with the following characteristics: a) neither the 

transmission grid restrictions corresponding the design conditions nor restrictions due to 

quality and safety criteria are included; b) the restrictions stemming from the distribution 

grid are not included; c) the operational restrictions of generating units are not included,    

d) the short-term reserve requirement is included; and e) the transmission grid is 

represented in order to take losses into account. 

The hourly transactions of each consumer agent in the spot market are based on the 

following methodology: a) The energy purchased from supply contracts is totaled. b) If his 

real energy consumption is greater than the energy contributed by his supply contracts, the 

shortage is demanded in the spot market and will be purchased provided that such surplus 

exists. c) However, if his consumption is lower than the energy contracted, the surplus is 

offered in the spot market and will be sold provided that there is demand to purchase it. The 

following process is applied for each production agent: a) His total energy is calculated as 

the sum of the generation of his dispatchable generation units (GGD), minus the energy he 

sells in generation contracts, plus the energy he purchases through generation contracts.    

b) The energy committed by contracts is totaled as the sum of energy to be delivered to 

supply contracts. c) If total energy is less than the energy committed for sale in contracts, 

the shortage is demanded in the spot market and it will be purchased provided that such 

surplus exists. d) If instead total energy is greater than the energy committed for sale in 

contracts, the surplus is allocated as supply to be sold in the spot market. 

3.2.2 Power transactions 

The daily power requirement of each consumer agent stems from his participation in the 

system’s maximum demand for generation that is recorded that day during the period of 

maximum demand. A consumer agent is obliged to purchase the power required for his 

participation in this system’s maximum demand for generation through the contract market 

and the spot market. Each day, the power requirement of each production agent stems from 

his commitments to sell power in the contract market. 

The closing of daily power deficits and surpluses is conducted in the spot market. For this 

purpose, on a daily basis each market agent provides CNDC with the prices at which he is 

willing to sell power if he has a power surplus the next day. Each distribution agent is 

obliged to submit to CNDC bids for all of his contracted power in bulk representing the 

power of each of his contracts, with the corresponding price offered for such contract. 

CNDC must establish the short list of bids for power, and the price of power in the spot 

market is the price of the highest accepted bid. 

In the spot market, power sellers are agents who ended up with a daily surplus of power at 

the prices they informed the previous day in their bid for the sale of surpluses. 

Each agent with power deficits becomes a debtor for the power purchased in the spot 

market at the corresponding price, and each agent with a supply of surpluses accepted in the 

spot market becomes eligible for the power sold, valued at the price of power in the spot 

market. 



 

115 

Before the end of each year, CNDC must determine and inform agents about the reference 

price of power.
33

 

3.3 Contract Market 

MEMN operates with methodologies to coordinate the provision of information and 

restrictions related to the contracts agreed by market agents, whether internal or 

import/export contracts. 

3.3.1 Power and energy commitments 

Any contract that sells power should identify its per-day power commitment. Therefore, a 

power commitment for an interval of less than one day cannot be expressed in a contract, 

and the period of effectiveness of a contract that sells power should be at least one day. In 

addition, any contract that sells energy should identify its commitment in per-hour energy. 

The information needed to determine the amount of energy contracted each hour and/or the 

amount of power contracted each day should be clearly provided. With the objective of 

providing transparency to the administration of the spot market, this information should be 

open and accessible to agents. 

3.3.2 Classification 

Contracts will be classified according to their duration in the long, medium and short terms. 

A long-term contract is considered to be one whose period of effectiveness is no less than 

six months. A medium-term contract is considered to have a period of effectiveness of 

between seven days and six months. A short-term contract is considered to be one with a 

period of effectiveness of less than seven days. Short-term contracts will be differentiated 

in scheduled and emergency contracts. A contract is in emergency status when: a) it is 

required by a production agent due to unscheduled or unforeseen unavailability in one or 

more of his units, and b) it is an import or export contract that is required when conditions 

are modified due to unforeseen unavailability or emergencies the day before. 

Contract information should be provided to CNDC with enough lead time for it to be able 

to properly carry out its duties. The local agent will provide data on import and export 

contracts (quantities, time periods and prices) to CNDC within the prescribed periods. If in 

any hour during the real operation the contract does not perform as the physical exchange 

scheduled in the international interconnection, for the administration of MEMNs the value 

corresponding to the operation’s reality will be considered as the scheduled value of the 

                                                 

33
 Thus, CNDC uses the following procedure: a) The fixed cost representative of a peak unit is calculated to 

cover periods of maximum demand requirements, in accordance with the conditions and needs existing in 

Nicaragua. A peak unit is understood as a quick-starting generating unit whose operational flexibility makes it 

possible to monitor demand. b) The annual portion associated with said cost is calculated with the discount 

rate defined for the tariff scheme, considering a useful life of 15 years. c) The annual portion resulting in a 

percentage of unavailability for reliability is calculated. This percentage will be between 5 and 15 percent and 

is initially defined as 10 percent. The percentage may be modified at CNDC’s request, with the corresponding 

justification, and with the INE’s authorization. d) Revenue above its variable costs that said unit could recover 

through energy sales in the spot market is deducted. e) The remaining fixed cost is obtained, expressed in a 

monetary unit per MW per day. 
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contract for that hour. If from the data provided for international transactions through 

contracts the exchange in an international interconnection turns out to be greater than the 

maximum allowed (due to technical restrictions and/or quality and safety criteria), for the 

exchange of import or export contracts, short-term contracts would be limited first, then 

medium-term contracts, and finally long-term contracts, until the resulting total exchange in 

the international interconnection exceeds the maximum allowed. 

4. EL SALVADOR 

4.1 Wholesale energy market 

4.1.1 General definition 

In El Salvador the electricity products that are traded are power and energy.
34

 The 

Wholesale Energy Market (Mercado Mayorista de Energía [MME]) is composed of the 

Contract Market (Mercado de Contratos [MC]) and the System’s Regulatory Market 

(Mercado Regulador del Sistema [MRS]) in which generating operators and marketers 

participate. The Transactions Unit (Unidad de Transacciones [UT]) operates the MRS and 

uses the MC for its scheduled dispatching, in which all operators directly connected to the 

transmission system may participate, including marketers. The UT is responsible for the 

scheduled dispatching of energy among generators, distributors and final consumers 

connected to the system. 

When congestion is detected in the transmission system, the UT creates as many MRSs as 

needed to maintain the safety and stability of the system. The price differences among the 

abovementioned MRSs will give rise to the charging of fees for congestion; the 

corresponding revenue is distributed among system users according to the method 

established by the Office of the General Superintendent of Electricity and 

Telecommunications (Superintendencia General de Electricidad y Telecomunicaciones 

[SIGET]). 

4.1.2 Dispatching 

Regulations have been in place since 2006, whereby, until the necessary conditions exist to 

ensure competition in the prices offered to the MRS, the UT will be governed by by-laws 

that favor bid performances similar to those of a competitive market, according to the 

methodology established in the Regulation of the General Electricity Law (Ley General de 

Electricidad). This Regulation will be based upon marginal production costs, fixed and 

investment costs. In the case of hydroelectric plants, it will be based on the value of 

replacing water.  

For these purposes, the market condition will be established jointly by the General 

Superintendent of Electricity and Telecommunications and the Superintendent of 

                                                 
34

 In addition, the secondary market or Auxiliary Services Market also operates. Its objective is to provide the 

commercial and competitive means for PMs to fulfill their mandatory quality and safety requirements as 

stipulated in the market regulations. The following are traded in this market: primary spinning reserve, 

automatic control of generation, reactive power, zero-voltage start-up, and cold reserve. Charges for 

transmission, system operation, auxiliary services and other similar charges must be reported separately by 

the generator to the UT, for subsequent transfer to consumers directly and without a surcharge through tariffs. 
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Competition through an agreement based on internationally accepted indexes that measure 

competitiveness in electricity markets. 

The UT must plan and coordinate the dispatching of generating units and the operation of 

the transmission infrastructure with the objective of meeting demand at the expected 

minimum cost of operation and rationing, subject to compliance with service quality and 

safety standards. 

The units must be dispatched according to their respective variable operating costs. In the 

case of thermoelectric and geothermal units, these costs will be determined in terms of fuel 

costs, as the case may be, as well as other operating costs that may vary according to the 

amount of energy produced. For the case of hydroelectric plants with reservoirs, for 

purposes of dispatching, variable operating costs will be understood as those determined by 

the replacement cost or opportunity cost of water, determined by the UT. For the case of 

hydroelectric plants without reservoirs, these will be dispatched according to the 

availability of energy with the objective of minimizing the system’s operating cost. 

For dispatching purposes, imports will be treated as thermoelectric units with variable 

operating costs equal to the price of imported energy, and exports will be treated as an 

additional demand. The unit cost of rationing will be represented by means of Forced 

Rationing Units, in terms of the percentage of rationed energy. 

4.3 Contract Market 

The objective of the rules for the MC is to establish the general characteristics of 

contracting and the characteristics of bilateral transactions that may stem from contracts. 

The objective of the rules for Scheduled Dispatching (Despacho Programado [DP]) is to:    

a) define the procedures to be carried out by each Market Participant (Participante en el 

Mercado [PM]) to inform the UT about bilateral energy transactions stemming from the 

contract market; and b) define the procedures under which the UT will conduct the 

scheduled dispatching. 

Each PM is free to select its commercial strategy for purchasing and selling and to decide 

which transactions to conduct in the MC, with conditions and prices freely agreed between 

the parties. In order to participate in the MC, PMs are obliged to provide auxiliary services 

corresponding to their transactions and must provide daily information to the UT on the 

bilateral transactions stemming from their contracts.  

Each generator must provide daily information to the UT, together with his bilateral 

transactions, on the injection in each Generation Unit (Grupo Generador [GGP]) that he 

owns, allocated as losses associated with the injection that said GGP makes through 

bilateral transactions. 

Bilateral transactions that stem from the daily information provided by MPs to the UT are a 

commitment to inject into the grid and withdraw from the grid, respectively, by the selling 

party and the purchasing party. The UT will conduct the predispatching, taking into account 

the bilateral transactions about which the PMs have informed, and will administer 

diversions when necessary. 
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4.3.1  Bilateral injection transactions 

Each PM must inform the UT about its bilateral injection transactions, identifying the PM 

that receives the energy. In a bilateral injection transaction, the delivering party, when 

informing about such a bilateral transaction, could include the following as an injection:    

a) that corresponding to a GGP that he owns, in which case the injection node will be that 

corresponding to said GGP; b) the energy received in bilateral international transactions, in 

which case the injection node will be the node of the corresponding interconnection line in 

the national system. If in a bilateral injection transaction more than one node is indicated, it 

is necessary to indicate the energy to be injected, with details about each injection node, 

and each bilateral withdrawal node will have the right to a proportion of the injection from 

each injection node. 

4.3.2 Bilateral withdrawal transactions 

Each PM must inform the UT about this bilateral withdrawal transactions, identifying the 

PM that delivers it. In a bilateral withdrawal transaction, the receiving party may include in 

its statement, as delivery points, its own nodes and/or those of the delivering party. If the 

total energy to be withdrawn from the grid in a bilateral transaction corresponds to more 

than one node of withdrawal from the grid, it is necessary to detail the energy to be 

withdrawn in each node, and each injection node will have the right to a proportion of the 

withdrawal in each withdrawal node. 

4.3.3 Bilateral transfer transactions 

Each PM must inform the UT about his bilateral transfer transactions, identifying both the 

PM that delivers the energy and the PM who receives the energy. In a bilateral transfer 

transaction, the PM who provides the information should include the following: a) the 

energy to be received, with details about each reception node; b) the energy to be 

withdrawn in each withdrawal node; and c) the energy received or delivered in bilateral 

international transactions, in which case the injection or withdrawal node will be the node 

of the corresponding interconnection line, in the national system. 

The objective of the rules for spot bids is to establish the procedures under which PMs will 

provide the UT with their commercial bids associated with the flexibility of their injection 

capacity and their withdrawal requirements, as well as the way in which the UT will 

administer short-term markets. 

4.3.4 Appraisal of contract diversions 

The scheduled dispatching for each period is based on electricity purchase-sale transactions 

agreed in the MC. Operators are obliged to provide monthly information to the UT and 

SIGET on the prices and other financial and technical conditions agreed in transactions 

conducted in the MC. They must also submit to the UT price bids due to increases or 

decreases with regard to the agreed amounts of energy.  

The UT operates the MRS in order to maintain a balance at all times between electricity 

supply and demand based on these bids. Those generators who do not have energy sale 

contracts participate in the MRS, and their scheduled dispatching is considered to be equal 

to zero. 
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Each participant’s diversions with regard to scheduled dispatching are assessed at the prices 

stemming from the MRS’s operation, as follows: a) the distributor or end-user whose 

consumption differs from that scheduled will be credited or charged at the MRS price of 

each node in which he had scheduled consumption; b) the generator whose plant generates 

more or less than the amount scheduled will be credited based on the MRS price of the 

node corresponding to such plant or charged based on the cost of the energy needed to 

replace the nondelivered energy; and c) when a plant generates less than the amount 

scheduled due to transmission grid defects that limit its capacity to deliver to the system, 

the UT will charge the transmitter who is responsible for the defect for the value of 

replacing the nondelivered energy. 

4.3 Spot Market 

4.3.1 Operation 

Each PM must provide daily spot injection and/or withdrawal bids. Optionally, a spot bid 

may be reported as valid for a period of more than one day. The UT will organize the spot 

bids it receives each day, in order to include them in the database of the Market 

Administration System (Sistema de Administración del Mercado [SAM]) and will use them 

to conduct the predispatching and administration of the operation in real time the next day. 

Through spot bids, each generator should inform the UT about his injection bid and the 

associated flexibility. A spot bid for the injection of a GGP must include for each period 

defined a maximum amount of bidded energy and two or more blocks of bidded energy, 

with a price for each block and with the following characteristics: a) an initial block that 

corresponds to the minimum bidded injection, and b) one or more blocks, each with 

accumulated energy greater than that of the previous block and less than or equal to the 

maximum bidded energy. The bidded price should be equal to or monotonously increasing 

between one block and the next. Spot injection bids will also be used by the UT to adjust 

the injections informed in one or more of its bilateral transactions in terms of the prices that 

arise in the predispatching and the MRS. In this case, the predispatching and administration 

of the MRS will reduce the injection in the bilateral transaction when it is more economical 

to cover the commitment with MRS purchases. 

Through spot withdrawal bids, each PM who withdraws energy from the grid will inform 

the UT about his withdrawal requirement and the associated flexibility. The real withdrawal 

of a PM will be the result of bilateral transactions and spot bids. 

4.3.2 Price of energy 

The energy transaction price in the MRS is established as being equal to the system’s 

marginal operating cost, plus charges for transmission, system operation, auxiliary services 

and other legal charges. The marginal operating cost is understood as the cost of supplying 

one additional kilowatt-hour of demand in this interval. In cases of rationing, the marginal 

cost will be equal to the unit cost of the corresponding Forced Rationing Unit (URF). 

Energy transactions are conducted for each market interval. Each MRS will have a price. 

The UT will calculate the price of energy, taking into account existing restrictions, 

including congestion conditions, losses, auxiliary service requirements, and spot bids, 

including the spot bid for forced rationing (URF). The UT calculates the ex post prices of 

the MRS, with real data on energy injected into and energy withdrawn from the grid. The 

calculation will take into account the existing restrictions in real-time operation. Price 
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formation does not include: a) prices bidded for generation that is mandatory; b) prices 

bidded for generation with noncompliance regarding the injection required by the UT;        

c) prices bidded for demand with noncompliance regarding the reduction in energy to be 

withdrawn from the grid required by the UT; and d) energy of units under generation 

testing. 

4.4 Power transactions 

Each generating system connected to the electricity system is annually assigned a firm 

capacity determined by the UT with the following criteria: a) the firm capacity of a unit is 

that power that a generating unit or plant is able to inject with high probability into the 

electricity system; b) the firm capacity of a hydroelectric plant will depend on hydrological 

uncertainty, forced unavailability, and its maintenance; c) the firm capacity of a thermal or 

geothermal unit will depend on the availability of fuel or steam, its rate of forced 

unavailability, and its scheduled maintenance; d) the firm capacity of a nonconventional 

generating unit, such as wind, solar, co-generation, etc., will depend on the uncertainty of 

its primary resource; e) the capacity of a generating unit to be used in the calculation of 

firm capacity may not be greater than the maximum capacity it can inject into the system 

for stability reasons; and f) the firm capacities of all units should be adjusted 

proportionately so that the sum of such firm capacities is equal to maximum demand during 

hours of maximum requirement for the power generating plant. Maximum demand will be 

understood as the net hourly maximum generation plus imports and minus exports. 

Marketing operations give rise to firm capacity transactions, which will be determined 

annually by the UT through a firm capacity evaluation that takes the following into 

consideration: a) generators whose capacity committed in contracts in the control period is 

less than the sum of recognized firm capacities in their generating units, will be considered 

sellers of firm capacity due to the difference between both values; otherwise they will be 

considered purchasers; b) operators, distributors, clients or marketers whose power demand 

in the control period is less than the firm capacity committed in contracts during the same 

hours will be considered sellers of firm capacity due to the difference between both values; 

otherwise they will be considered purchasers; and c) for marketers, the power demand in 

the control period will correspond to the committed capacity to be supplied in contracts 

during the same period. 

The price for assessing firm capacity transactions stemming from the annual evaluation 

mentioned above will be known as charges for capacity and will be determined as being 

equal to the annualized per-kilowatt investment cost plus the fixed operating cost of an 

efficient unit that provides backup power and additional capacity in the system control 

period, expanded in a reserve margin and in a loss factor corresponding to hours of peak 

demand. 

The capacity charge and the formula to adjust it will be determined and updated every five 

years by SIGET.
35
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 For this purpose, the investment costs, fixed operating costs and useful life of the most economic machinery 

for peak power and back-up services, considering the size, location, and technical and economic 

characteristics suited to the electricity system’s reality, will be determined by means of a study contracted by 

SIGET with a specialized consulting company. To calculate the annual portion of the investment, SIGET will 
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4.5 Marketing and contracts 

4.5.1 Marketing activity 

For purposes of the market and marketing activity, the following definitions are stipulated: 

a) Supply Contract: the agreement under which a marketer is obliged to deliver to the    

end-user at a determined point, continuous or periodic electricity for a determined or 

undetermined period, at a price and under conditions that are fixed or to be fixed; b) Supply 

Contract: the agreement under which a national or foreign generator or marketer is obliged 

to deliver to a market, at a determined point, continuous or periodic electricity during a 

determined or undetermined period; and c) Distribution Contract: the agreement under 

which a distributor is obliged to permit the use of his grids by a marketer or generator to 

supply electricity to marketers or end-users connected to the distribution grid, or in the case 

of a generator connected to the distribution grid, the conveyance of electricity to           

high-voltage grids. 

MME marketers may conduct the following activities: a) sign electricity provision and 

supply contracts, transmission contracts and distribution contracts; b) buy and sell 

electricity in low-voltage grids; and c) buy and sell electricity in the wholesale market. 

The prices and conditions of supply contracts signed by marketers may be equal to or 

different from those contained in the tariff specifications approved by SIGET for 

distributors who operate as marketers in the areas where their grids are located. End-users, 

in accordance with the provisions of the General Electricity Law, may choose the marketer 

with whom they will contract the provision of electricity. 

4.6 Contract conditions 

4.6.1 Transmission and distribution contracts 

Generators connected to the transmission system must at all times have valid transmission 

contracts. Generators who have electricity provision contracts with end-users should be 

registered in SIGET as marketers. Marketers should have distribution contracts with each 

of the operators of the grids used to supply electricity. Distribution contracts should 

stipulate the way in which the marketer will pay the distributor for the energy consumed by 

end-users, in excess of the amount contracted. The methods for setting fees for the use of 

transmission and distribution systems are established by SIGET. 

4.6.2 Supply contracts 

The prices and conditions of energy supply contracts between operators will be limited only 

by the willingness of the parties and by the law, and to improve them the intervention of 

third parties will not be necessary. The electricity sales and purchase transactions that 

distributors report to the UT for scheduled dispatching should include transactions 

corresponding to marketers with whom they have signed distribution contracts. For these 

                                                                                                                                                     

use a representative discount rate for generation activities in El Salvador, which will be determined on the 

basis of a study contracted with a specialized consultant. In no case will this discount rate be lower than that 

established in the General Electricity Law for the transmission and distribution sectors. The reserve margin 

will be no lower than 10 percent and no higher than 20 percent. 

 



 

122 

purposes, marketers must provide timely information to the distributor on the amounts of 

energy and power that have been agreed with end-users for each dispatch period. 

5. GUATEMALA 

The key regulations that govern Guatemala’s Wholesale Electricity Market (Mercado 

Mayorista de Electricidad [MM]) are contained in Decree 939 of the Congress of the 

Republic (General Electricity Law), in its Regulation, in the Wholesale Market 

Administrator (Administrador del Mercado Mayorista [AMM]) Rules, including 

Government Agreements Nos. 68-2007 and 69-2007 and AMM Resolutions 157-10 and 

300-01. 

5.1 Wholesale electricity market 

The products that are purchased and sold in Guatemala’s MM are power and electricity.
36

 

Transactions are conducted through: a) a spot market, with an hourly price calculated on 

the basis of the short-term marginal cost; b) a futures market for contracts between agents 

or large-scale users, with periods, quantities and prices freely agreed between the parties; 

and c) a market for daily and monthly power diversion transactions. In the latter, the 

following are liquidated: differences between the available power and the firm power of 

participating producers, and the differences between the effective firm demand of each 

distributor, large-scale user or exporter and their effectively contracted firm demand, 

evaluated at the reference price of power. 

Agents and large-scale users of the wholesale market (MM) may conduct import or export 

transactions, as the case may be, with the Regional Electricity Market (Mercado Eléctrico 

Regional [MER]) or with any other market or country with which the Interconnected 

National System is connected. In order to conduct short-term export transactions, the 

exporter must have power contracts with an efficient firm supply that is not committed in 

contracts to cover firm demand or power reserves; using the same power to back short-term 

exports and firm demands is considered a serious offense.  

An MM participant who conducts an import or export transaction is directly responsible to 

the AMM for the payment of fees resulting from such a transaction. The importation is 

considered generation that is added to the MM, and the corresponding fees must be paid. 

Exportation is considered an additional demand that is added to the MM at the supply node 

and the corresponding fees must be paid. An import transaction corresponds to additional 

production stemming from generation that does not belong to the MM; this import 

generation is economically dispatched in the MM according to the variable cost of such 

importation. 

5.2 Spot Market 

5.2.1 Economic dispatch 

The spot market is based on a price determined hourly as the marginal cost resulting from 

economic dispatch, which consists of determining the dispatch program for available 

supply, making it possible to meet the demand foreseen hourly in the MM and minimizing 
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 Electricity conveyance services and complementary services are also provided. 
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the total cost of the operation. Dispatching should consider the demand to be met as that 

corresponding to participating consumers and should consider the supply to be dispatched 

as that corresponding to participating producers. The AMM conducts the dispatching 

without considering mandatory minimum energy purchase conditions or any other type of 

contractual condition that restricts dispatching, which are taken into account solely for 

purposes of liquidating transactions in the futures market. 

For hydroelectric plant dispatching, the AMM calculates the value of water based on 

information sent by agents; for thermal plants, it calculates the variable costs of fuels and 

operation and maintenance (O&M) with the methodology and information stated. Importers 

also state the amount of energy and power offered and the methodology for calculating the 

corresponding variable cost. 

5.2.2  Transactions by generators 

All the energy exchanged is sold and purchased in the spot market. In this market, a 

generating agent sells his energy dispatched in his own node and evaluated at the price 

corresponding to that node. To comply with his supply contracts, he acquires the required 

energy in the spot market and at the price of his purchasers’ nodes. The supply contract is 

interpreted as if each hour the generator must deliver the contracted energy in the exchange 

node, charging the agreed price, regardless of the real requirement of the demand of the 

person with whom he signed the contract or the generation actually conducted by the seller. 

Each hour, the AMM monitors the differences between its generation and the sum of the 

power delivered by its contracts, and calculates the assessment of these differences. The 

participant may be a creditor or debtor in the spot market, depending on whether or not the 

integration of the amounts corresponding to hourly discrepancies throughout the month is 

positive or negative. 

5.2.3 Transactions by consumers 

A participating consumer purchases in the spot market the energy corresponding to his 

hourly demand, valued at the consumption node. The supply contract is interpreted as if 

each hour the participating consumer must purchase in the market the power and energy of 

each one of his contracts, regardless of what his own demand requires. 

To monitor the differences regarding a participating consumer’s supply contracts and to 

calculate his purchases and sales in the MM, the AMM considers the contracted total 

hourly power to be the sum of the hourly power of the load curves that are representative of 

his contracts or to be the missing demand. If the participating consumer possesses power 

contracts with a purchase option, the purchase option will be considered exercised if the 

generator has also been dispatched. 

Each hour, the AMM monitors the differences between its own demand and the sum of the 

power delivered by its supply contracts, and calculates the assessment of these differences. 

The participant may be a creditor or debtor in the spot market, depending on whether or not 

the integration of the amounts corresponding to hourly discrepancies throughout the month 

is positive or negative. 
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5.3 Futures Market 

5.3.1 General aspects 

A futures market is that which is constituted by contracts between agents or large-scale 

users of the wholesale market (mercado mayorista [MM]), with prices, quantities and 

duration agreed between the parties. It is formed by existing contracts to which their own 

terms are applied (i.e., dispatch of minimum contracted quantities), as stated in the AMM 

Regulations, and by subsequently signed contracts. In this market, contracts can be agreed 

upon to guarantee the provision of a certain demand for power and energy, to have the 

backing of a power reserve, or to have power that allows the firm demand of participating 

consumers to be met. 

Possessing a contract in the futures market also implies operating in the spot market to 

trade surpluses and deficits between what is dispatched or consumed and what is 

contracted. 

5.3.2 Long-term contracts 

a) General aspects 

MM Generators may sign futures market contracts with MM agents (distributors, marketers 

or other generators) and large-scale participating users, with conditions, time frames, 

quantities and prices agreed among the parties. They may also conduct international 

transactions with companies from other countries, complying with established regulations. 

b) Types of contracts 

i. Contracts for differences with load curve 

In this type of contract, the parties stipulate a contracted power value to meet firm 

demand at all times during the contract period, which may not exceed the seller’s 

efficient firm supply not committed in other contracts. Furthermore, the 

participating producer commits to supply an energy demand, defined as an hourly 

demand curve throughout the contract’s period of effectiveness, to a participating 

consumer. The energy of the hourly curve will be assigned to the contract’s 

purchaser and deducted from its seller. The seller may be supported by contracting 

power in order to fulfill his commitment. The hourly demand curve may be 

established by the participating producer either through his own generation or by 

purchasing the deficit in the spot market if the necessary surplus exists. This means 

that a production agent has no obligation to generate the energy committed in the 

contract. 

ii. Contracts for power without associated energy  

In this type of contract, the parties stipulate a contracted power value to meet firm 

demand at all times during the contract period, which may not exceed the efficient 

firm supply of the seller that is not committed in other contracts. The MM’s 

participating consumer may purchase the energy demanded in the spot market. 

iii. Contracts with Energy Purchase Option 

In this type of contract, the parties establish a contracted power value to meet firm 

demand at all times during the contract period, which may not exceed the efficient 
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firm supply of the seller that is not committed in other contracts. Moreover, the 

participating producer sells to a participating consumer an amount of hourly energy 

according to the following: the parties stipulate an energy purchase option price; if 

the opportunity price of energy is lower than the option price, no energy stemming 

from the contract is assigned. Otherwise, the participating producer sells, using his 

own energy or that purchased in the spot market, the hourly energy informed by the 

parties, which may not exceed the value of the contracted power. 

iv. Contracts on differences due to a deficit in demand 

In this type of contract, the parties stipulate a contracted power value to meet firm 

demand at all times throughout the contract period, which may not exceed the 

seller’s efficient firm demand that is not committed in other contracts. Moreover, 

the production agent agrees to deliver, at the agreed price, all the energy demanded 

by the purchaser that is not supplied by other contracts, up to the amount of power 

committed. 

v. Existing contracts 

These are the contracts to which Article 40 of the AMM Regulations refers; they 

will be administered in accordance with the contractual conditions about which 

AMM is informed. 

vi. Contracts for generated energy 

In this type of contract a generating agent, whose generating units have not been 

assigned an efficient firm supply, sells to a participating consumer all the energy he 

can generate in the MM. With this type of contract, he only sells energy for which 

there is no commitment of power to meet firm demand. 

vii. Backup contracts 

Backup power contracts (or backup contracts, for short) mean that the machinery of 

a generator will be made available to the purchaser of the efficient firm supply, to 

be used by the contractor under present conditions (for example, a deficit in the 

MM) to meet his own requirements. This type of contract will allow generators who 

have supply contracts in the futures market with noncompliance penalty clauses to 

have a backup for their supply commitments. 

A backup contract between a generator and an MM agent must specify: a) its period 

of effectiveness; b) the identification of the generator’s machinery that is committed 

as a reserve; c) the total firm supply committed to this machinery: a value that 

varies over the period considered may be indicated, and a payment formula ($/MW) 

for this capacity may be made available; d) a condition for its use, i.e., the condition 

by which the machinery is considered to be generating for the backup contract, if it 

is dispatched; e) a formula of payment for the energy generated when the contracted 

capacity is summoned to produce; and f) penalties, if any, if the committed energy 

is not available at the moment it is required. 

Those generators contracted as a reserve must inform the AMM about signed 

contracts (prices, period of effectiveness, reserve power, summons clause, etc.). A 

machine hired as a reserve will participate in the MM’s dispatching and will only 
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generate when dispatched by the AMM. Once dispatched, its energy may only be 

commercialized in the spot market if it is not summoned by its backup contract. 

Once summoned, it must deliver to the contract the energy generated stemming 

from the dispatching up to the amount of power committed, in accordance with 

contract conditions, and therefore this energy will not be commercialized in the spot 

market. 

The commitment will be considered established specifically with the machinery 

indicated, and each month the generator will cover the corresponding charge for the 

power made available under the contract, whether or not summoned, provided that it 

has the committed availability in such machinery; it may not purchase the deficit 

from the MM. When summoned, it will also charge for the energy generated under 

the contract.  

viii. Power Guarantee Contracts 

Participating producers may sign contracts for the purchase of reserve power to 

back their own commitments for selling power to distributors, large-scale users, 

participants, marketers or other generators. In this type of contract a participating 

producer sells to another participating producer a certain amount of power during 

the contract period. The seller must back this commitment with an efficient firm 

supply not committed in other contracts or used to back exports. The power 

contracted by the participating producer will be added to his efficient firm supply, to 

be commercialized in the wholesale market. 

5.4 Power diversion transactions 

The peak power price in the MM is calculated by AMM as the marginal cost of the 

investment for a unit of peak generation. This price corresponds to the power reference 

price (precio de referencia de la potencia [PRP]), which is used for power diversion 

transactions. 

The AMM determines the effective firm demand of each distributor or large-scale user. The 

difference between the effective firm demand and the firm demand that the distributor or 

large-scale user has covered with contracts, is liquidated monthly as a charge or credit, as 

the case may be, through a power diversion transaction that is calculated with the PRP. The 

monthly value resulting from these power diversions is distributed on a prorated basis 

between participating producers and consumers with positive monthly power surpluses. 

For this purpose, the AMM annually calculates the efficient firm supply of each generating 

unit or plant of the MM. The efficient firm supply related to international transactions is 

established on the basis of the contract’s firmness, in the understanding that such contract 

covers at least the current year, has a supply guarantee, availability, and the committed 

power and the methodology to calculate the variable cost are defined. 

The efficient firm supply is calculated in terms of the firm supply and the economic 

efficiency of each power plant with respect to the range of power plants installed in the 

interconnected national system or in accordance with the characteristics of the power 

generation unit related to the corresponding international transaction. 
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6. PANAMA 

The key regulations that govern Panama’s Wholesale Electricity Market (Mercado 

Mayorista de Electricidad [MME]) are contained in the Commercial Regulations, which 

were established in accordance with the guidelines contained in Law 6 of 1997 (Regulatory 

and Institutional Framework for the Provision of Public Electricity Services), in the 

amendments to it, introduced by Law 10 of 1998 and in Executive Decree No. 22 of 1998 

(which regulates Law No. 6 of 1997). 

6.1 Wholesale Electricity Market 

The Commercial Regulations of the MME in Panama state that the products purchased and 

sold are energy and power,
37

 which are traded in: a) a spot market, and b) a bilateral futures 

contract market, between market agents. Market participants are: participating consumers
38

 

who represent electricity consumption and who also include companies that commercialize 

another country’s consumption, which they purchase in Panama’s MME, linking through 

international interconnections; and participating producers
39

 who represent electricity 

generation, including companies that commercialize another country’s consumption and 

sell in Panama’s MME through international interconnections. The regulation stipulates 

that market agents will have access to the transmission grids owned by the Electricity 

Transmission Company (Empresa de Transmisión Eléctrica [ETESA]) at regulated tariffs 

and under nondiscriminatory conditions. 

6.2 Spot Market 

The spot market is where hourly, short-term commercial transactions are conducted, 

making it possible to assess the surpluses and deficits that arise as a consequence of the 

differences between contractual commitments and the reality of consumption and 

generation. The price of energy in the spot market stems from the short-term marginal cost 

of generation. The CND calculates it with an economic dispatch without restrictions of the 

transmission and distribution grid, known as price dispatching. Importation participates in 

the formation of the price of energy in the spot market as additional generation in the 

international interconnection, while exportation participates as a demand. 

Energy transactions and the price calculation in the spot market are conducted on an hourly 

basis. The energy price is calculated with the ex post price dispatching, using the same 
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 The services provided are: transmission service, auxiliary grid services, and integrated operational service 

and commercial administration, assigned to the National Dispatch Center (CND) of the transmission 

company. 
38

 Participating consumers are: a) large-scale customers who opt to purchase directly at wholesale level in the 

market; b) distributors conducting the marketing activities of their customers or large-scale customers within 

or outside their concession zone. c) self-generators and co-generators located in the Republic of Panama who 

purchase deficits; d) companies that market another country’s consumption and purchase in Panama’s 

wholesale market, connecting through international interconnections. 
39

 Participating producers are: a) generators located in the Republic of Panama; b) self-generators and          

co-generators located in the Republic of Panama who sell surpluses; c) distributors when they sell their own 

surplus generation to third parties, either in the contract market or in the spot market, and services that the 

CND administers, under the restrictions and requirements stated in these Commercial Regulations; and         

d) companies that market another country’s generation, which they sell in Panama’s wholesale market 

through international interconnections. 
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procedures and models as for predispatching, but also using the real available supply 

(available generation, real supply of self-generators and supply from international 

interconnections) and registered demand. The CND must calculate the energy price with 

the variable cost applicable to the dispatching of the final bid required for the price 

dispatching in order to meet demand. For the variable costs of thermal plants, their fuel and 

O&M costs are used. For the variable costs of hydroelectric plants, economic opportunity 

values of water are used; these are calculated by means of modeling basins and reservoirs 

and using the technical characteristics of their hydroelectric plants. To consider import bids, 

the bidded price of importation in the interconnection is used, which for the case of 

contracts will be that declared to the CND by the national participant, and for the case of 

spot importation it will be that informed by the EOR. In the spot market, the CND acts as 

an intermediary in spot importation and exportation operations. 

6.3 Contract Market 

6.3.1 General aspects 

The contract market is where medium- or long-term commercial transactions are conducted 

between participants for the purchase/sale of energy and/or power with periods, quantities, 

conditions and prices agreed between the parties. The purchase by participating consumers 

with the supply guarantee detailed below in Section IV is made through the contract 

market. 

Power transactions are conducted in the contract market and through power compensations. 

Participating producers may sell, either through contracts or in the spot market, power 

and/or energy of their own or contracted from third parties, and may purchase, through 

contracts or in the spot market, the power and/or energy deficit with regard to their 

contractual commitments. The same rights apply to the distributor when he is considered a 

participating producer by selling surpluses of his own generation to third parties. 

Participating consumers may purchase, through contracts or in the spot market, their 

demand for power and energy consumption, and may sell surplus energy and power (not 

required for their own consumption or that of their clients) in the spot market and in the 

daily power compensations. Participating consumers who serve users at regulated prices 

have the obligation to sign long-term energy and power purchase contracts to ensure the 

supply to their customers, under the terms presented in Section III.  

Purchasing participants include large-scale customers who have the option to freely 

negotiate the terms and conditions of energy supply with other market agents, or to make 

use of the terms and conditions established for customers in the regulated market, 

corresponding to the level of tension at which energy is supplied.
40

 

6.3.2 Long-term contracts 

a) General characteristics 

Contracts between national participants may not establish a physical bilateral exchange that 
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 Cooperatives, commercial centers, buildings, users’ associations, housing, recreational and similar 

complexes may be considered large-scale customers. 
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alters the dispatch,
41

 unlike import and export contracts which must establish the physical 

commitment for exchange in the interconnection. A participating producer may sell power 

and energy by means of contracts, provided he has the generation to back them, either with 

generating units that belong to him or generation contracted from another participating 

producer. Each participant must inform the CND about the prices and basic information 

needed for the operational and commercial administration of contracts, which are reported 

to the market in general. 

b) Operational and commercial conditions 

Each contract must include a clause in which the parties agree that they accept MME’s 

Commercial Regulations and their modifications. Each contract must include a clause in 

which the participating producer agrees to operate in accordance with CND instructions 

that stem from centralized economic dispatch and from integrated operation, according to 

the rules and procedures that are defined in the Operating Regulations. He must also 

indicate that he commits his contribution to auxiliary services for the quality of service 

required for the safe operation of the grid, in accordance with current quality criteria in the 

integrated operation. 

A participating producer may sell to participating consumers, through contracts, up to his 

maximum power for consumer commitments, which is calculated as the sum of the 

effective power of the plants he owns, minus the power sold through backup contracts to 

other participating producers, plus the power purchased through backup contracts from 

other participating producers. 

A participating producer may sell to other participating producers, through contracts, up to 

his maximum power for producer commitments, which is calculated as the sum of the 

effective power of the plants he owns, minus the power sold through supply contracts to 

participating consumers. 

The contracts may not establish a bilateral physical commitment that mandates a certain 

amount of generation within the Republic of Panama. The energy that each plant produces 

will be the result of dispatching and real operation, and thus will be independent from the 

existence of contracts or the lack thereof. 

Participants should include the following basic contract information: a) identification of the 

purchaser and the seller; b) period of contract effectiveness, c) type of contract, d) delivery 

and withdrawal points; e) power and/or energy contracted during the period of 

effectiveness. The power contracted for each day of contract effectiveness should be 

identified, as well as the energy contracted for each hour of contract effectiveness, in 

accordance with the terms and characteristics defined in these Commercial Regulations;    

f) if there is more than one purchaser, the amounts of energy and/or power that correspond 

to each or the formula to distribute the total energy and/or power contracted between each 

of the purchasers; g) if one of the parties assumes the transmission charges of the other 

party; and h) a clause that indicates the parties’ acceptance that the contract and the 
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 Participants must keep in mind that, if a contract includes mandatory minimum purchase conditions (take or 

pay), these will not be taken into account in the load dispatching conducted by the CND. 
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associated generation will be administered in accordance with the current operating rules in 

the Operating Regulations, the Commercial Regulations and Methodologies that are in 

effect. 

With the exceptions that are applied to long-term import and export contracts, the time 

frames for providing information on a contract and the period in which the CND must 

respond regarding its authorization may not be longer than those stated in the regulation. 

Participants are obliged to inform the CND each time that they agree on modifications to 

any of the contract data. This notification must identify the modified data and the new value 

in effect. 

c) Types of contracts 

There are two types of contracts in the contract market: a) supply contract for the sale of 

energy and/or power from a participating producer to participating consumers, and            

b) backup contracts for the sale of energy and power from one participating producer to 

another participating producer. Depending on the parties’ location, two types of contracts 

are defined: a) national contracts, in which both parties are national participants, and         

b) import and export contracts, in which one party is a national participant who produces or 

consumes in Panama, the other party is a foreign participant who produces or consumes in 

another country, and the exchange is conducted through one or more international 

interconnections (the requirements that these contracts must meet are presented in Annex 6, 

Section 6). 

i. Supply contracts 

The seller of supply contracts must be a participating producer, including a 

distributor authorized as a participating producer who may sell his own firm 

generation. The purchaser must be a purchasing participant (distributor or         

large-scale client). 

ii. Conditions for contracting power 

A supply contract that contracts long-term firm power may define a contracted 

amount of power that is variable throughout the contract’s period of effectiveness. 

The contract must clearly identify the power contracted for each day of contract 

effectiveness and one or more delivery points. A participating producer who sells 

power under a supply contract assumes the commitment that the installed contracted 

power exists, with adequate maintenance to meet the availability requirements 

agreed in the contract. The same obligation applies to a distributor authorized as a 

participating producer when he sells firm power that he has generated, under supply 

contracts. 

A supply contract that contracts power must have an agreed remuneration for power 

based on a scheme of availability for the contracted power, and may also include a 

scheme of rewards and penalties. The power pricing formula, availability, and 

rewards or penalties may vary throughout the contract period. A supply contract that 

stipulates energy commitments must contain an agreement on a pricing scheme for 

such energy, and may vary throughout the contract period or in terms of parameters 

agreed in the contract. 

In a supply contract the participating producer commits long-term firm power; the 
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contract may stipulate a target availability requirement. The participating consumer 

agrees to pay for each MW of firm power contracted that meets the target 

availability, regardless of whether or not power is actually generated. The contract 

may divide the year into one or more periods in order to give a different economic 

weight to the power under different conditions, and may differentiate periods by 

season of the year and/or by type of day and/or by hour of the day. 

The participating consumer who is the purchaser acquires the right to use the power 

that is contracted, and may sell spot power when he has surpluses with regard to its 

provision, through power compensations. The contracting of power with associated 

energy establishes the priority for use by the participating consumer who purchases 

it. Under a condition of rationing, the contract becomes a physical commitment and 

the CND must assign the energy associated with the contracted power to the 

purchaser’s supply. 

As an option, a power contract may include maximum price insurance for energy. In 

this case, the contract must indicate the energy price at which such an option is 

activated. Each hour in which the price in the spot market exceeds the energy price 

stipulated in the contract, the option is activated and the participant who is the seller 

will pay a compensation to the participant who is the purchaser, equal to the hourly 

energy corresponding to the contracted power, estimated by the difference between 

the price in the spot market and the price of energy in the contract. 

iii. Conditions for contracting energy 

The contracting of energy makes it possible to stabilize or define the future price of 

energy, but it does not impose restrictions or obligations on the physical operation. 

The seller assumes a commitment to deliver energy, but not an obligation for his 

own production. The purchaser assumes a commitment to pay for a block of energy, 

with the priority of using it for his own consumption and selling spot surpluses. 

The contract should clearly identify the energy contracted for each hour of contract 

effectiveness, under the characteristics and terms that these Commercial 

Regulations stipulate. 

A supply contract that stipulates energy commitments will be administered in 

accordance with the procedure regarding differences as defined in the Commercial 

Regulations. Supply contracts must contain an agreement on and the identification 

of one or more energy or power delivery points. If energy transmission charges 

exist, the CND should consider that in a supply contract the seller assumes the 

transmission charges associated with the energy contracted from its point of 

connection to the grid, to delivery points, and the purchaser assumes the associated 

transmission charges, if any, from the delivery points to his consumption node, 

unless the parties include in the contract a different agreement for associated 

transmission charges, which they must inform the CND.  

iv. Backup Contracts 

Both the purchaser and the seller of a backup contract must be participating 

producers, including the case of a distributor authorized as a participating producer 

who sells through own-generation contracts. 
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By means of this transaction, the participating producer who sells under a backup 

contract assumes the commitment that the installed contracted power exists, with 

adequate maintenance to meet the availability requirements agreed in the contract. 

For commercial administration, the CND should consider that the power committed 

in a backup contract belongs to the participating producer who is the purchaser of 

the power, which he may use to sell in the market and/or as a reserve to back up the 

obligations assumed in those supply contracts in which he is the seller. 

A participating producer may sell to other participating producers his power 

surpluses, understood as the power that is not committed for sale in contracts or that 

contributes to the long-term reserve service. The backup contract should define the 

contracted power and the delivery node(s). The amount of contracted power may 

vary throughout the contract’s period of effectiveness. The contract should clearly 

identify the power contracted for each day of the contract’s effectiveness. 

For energy, the contract commitment is that the seller will deliver to the 

participating producer (purchaser) the energy generated by the contracted power. 

The contract may include an option for energy, establishing a condition under which 

the purchase of the generated energy is activated (is summoned). 

The CND must consider that the producer who purchases, assumes the associated 

transmission charges, if any, except if the parties state in the contract and inform the 

CND about another type of agreement with regard to transmission charges. 
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Annex 2: Country Expansion Programs 

 

Source: Based on simulations of the SDDP Model, 2008. 

Costa Rica

Generation expansion plan

Capacity

MW

2008 Alquiler Barranca térm 90

Alquiler San Antonio térm 110

Canalete hidro 17.5

El Viejo biom 14

Pocosol hidro 26

Taboga Ampliación2 biom 8

2009 Guanacaste eólic 25

Habilitación Ingenios búnker térm 37.7

El Encanto hidro 8.3

Catsa biom 8

El Palmar biom 5

2010 Guanacaste eólic 25

Colima2 térm 10

2011 Garabito térm 200

Alquiler Barranca térm -90

Alquiler San Antonio térm -110

Pirrís hidro 128

Moín4 térm 10

Pailas geot 35

Toro3 hidro 50

2012 Retiro Colima térm -14

Retiro Moín Pistón térm -26

Tejona2 eólic 20

Colima3 térm 30

Cachí2 hidro 50

2013 BOT hidro hidro 100

Moín5 térm 60

Eólico1 eólic 30

2014 Reventazón hidro 300

2015 Retiro San Antonio térm -34

San Antonio2 térm 34

Hidro1 hidro 50

2016 Diquís hidro 631

Retiro Barranca térm -36

Barranca2 térm 36

2019 Pailas2 geot 35

Borinquen geot 35

Eólico2 eólic 100

2020 Geotérmico1 geot 35

Eólico3 eólic 100

2021 Geotérmico2 geot 35

Pacuare hidro 158

Total net capacity addition

Hydroelectric 65% 1,519

Geothermal 7% 175

Other renewable 14% 335

Conventional thermal 13% 308

Project Type
GUATEMALA

Generation expansion plan

Project Type MW Year

LA LIBERTAD Steam-coal 22 2008

ARIZONA-VAP Steam-FO6 4.5 2008

MAGDANEW   Bagasse 50 2008

AMATEXII   MSDM 25 2009

SN.CRISTOBAL Hydro 19 2009

GECSAII    MSDM 35 2009

INT_GUA_MEX Interconnection 200 2009

DUKECOAL   Steam-coal 80 2010

TECUAMBURRO Geothermal 44 2010

ESI Steam-coal 75 2010

RIO HONDO   Hydro 32 2011

RENACE II Hydro 163 2011

XACBAL     Hydro 94 2011

ANIMAS     Hydro 10 2012

LOS ARCOS   Hydro 198 2012

Jaguar Steam-coal 275 2012

TRES RIOS   Hydro 50 2013

CASCATA    Hydro 114 2013

CARBON I    Steam-coal 200 2020

XALALA     Hydro 181 2015

STA. TEREZA  Hydro 16 2016

DIST II     Cogeneration 30 2016

TACANA     Hydro 15.7 2017

MC. SAN MARCOS Hydro 11 2017

CHULAC   Hydro 340 2017

SERCHIL Hydro 140 2017

PALO VIEJO Hydro 80 2018

Hydro 1,464 58%

Other renewable 124 5%

Conventional thermal 717 29%

Interconnection 200 8%
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Source: Based on simulations of the SDDP Model, 2008. 

Honduras

Generation Expansion plan

Project Type MW Year

Alsthom1 Búnker / Carbón 27 2009

Sulzer1 Búnker / Carbón 28 2009

Ampliación de Enersa Búnker 30 2009

Coronado Mini hidro 6 2008

Peña Blanca Mini hidro 1 2008

Eecopalsa biomasa Biomasa 3 2008

Maquilas (Quimistán y Naco) Carbón 19 2008 to 2009

Envasa2 Carbón 100 2009 to 2011

Cecsa3 Búnker / Carbón 150 2009 to 2011

Mangungo I Mini hidro 1 2009

Mangungo II Mini hidro 1 2009

Matarrás I Mini hidro 1 2009

Matarrás II Mini hidro 2 2009

Ecoenergy Biomasa 11 2009

Eecopalsa Biogás (II etapa) Biogás 1 2009

Santa Elena Mini hidro 2 2010

Mezapa Leán Mini hidro 9 2010

Ojo de Agua Mini hidro 17 2010

Masca I Mini hidro 2 2010

Masca II Mini hidro 1 2010

Bioenergy Biomasa 110 2011

Eólico Eólico 100 2011

Motores diesel media vel. Búnker 500 2018

Planta carbón (PFBC)4 Carbón 800 2013 to 2021

Tablón Hidro 20 2014

Piedras Amarillas Hidro 100 2015

Tornillito Hidro 160 2015

Llanitos Hidro 98 2015

Jicatuyo Hidro 173 2016

Valencia Hidro 270 2020

Hydroelectric 821 42%

Other renewables 268 14%

Conventional thermal 1,654

PPAs terminated -795
44%

El Salvador

Generation expansion plan 

Talnique MSDM 2010 50

Turbina a gas GT 2011 50

Contrato Xacbal Import GUA 2012 30

Berlín Geothermal 2013 20

Ahuachapán Geothermal 2013 8

Chaparral Hydro 2013 66

Chinameca Geothermal 2013 49

Carbón-1 Steam-coal 2013 200

Carbón-2 Steam-coal 2016 200

Carbón-3 Steam-coal 2019 250

Hydro 7% 66

Other renewables 8% 77

Conventional thermal 81% 750

Interconnection 3% 30

Project Type MW Year
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PANAMA 

Generation expansion plan 

 

 

 

Source: Based on simulations of the SDDP Model, 2008. 

NICARAGUA
Generation expansion plan

ALBANISA MSDM 180 2008-2009

Amayo Wind 40 2008

Motor Fuel Oil MSDM 45 2009

San Jacinto 1 Geothermal 66 2009 - 2010

Boboke Hydro 70 2012

Casitas Geothermal 100 2010-2013

Pantasma Hydro 15 2011

Larreynaga Hydro 17 2011

La Sirena Hydro 17 2012

PNI coal conv. Steam 2011

Pajaritos Hydro 30 2012

Valentin Hydro 28 2012

Salto Y-Y Hydro 25 2011

El Hoyo I Geothermal 40 2012

Tumarín Hydro 160 2013

Piedra Fina Hydro 40 2013

Chitepe Geothermal 40 2014

Apoyo Geothermal 30 2014

Mombacho Geothermal 30 2014

Hydro 385 40%

346 36%

220 23%Conventional thermo

HSDM: high speed diesel, MSDM: medium speed diesel; 

FO6: fuel oil No. 6

Projects Type MW Year

Other renewables
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Annex 3: Regional Expansion Program 

 

SIEPAC Second circuit project study

Generation expansion- Scenario R3

TOTAL

Type Project MW Type Project MW Type Project MW Type Project MW Type Project MW Type Project MW MW

G Tecuamburro 44

T Magn2 45 T MMVB 44 T BLMCB 120

T VAPC_Duke 80

H Xacbal 94

H Bonyic 30

T VAPC_ESI 75 H Chaparral 66 T VAPC_Cecs 150 G GeoCast 1 15 T Garabito 200 H Chan I 223

H Rio Hondo 32 H Amp 5Nov 60 T VAPC_Enva 100 G Tizate 2 32 H Pirris 128 H Gualaca 26

T Biomasa 110 G Tizate 3 32 H Mendre 20

T VAPC 275 H Amp C.Grande 86 T VAP C_A1S 55 H Larreynaga 17 H Toro 3 49 H Bajo Mina 52

T VAPC_AES 250 H Pantasma 24 G Pailas 35 H Añiles 36

G GeoCast 2 45

G Hoyo 1 50

H Xalala 330 T GNL_Cutuco 500 G GeoCast 3 45 H BOT-Proy 100 H Chiriqui 56

H Boboke 68 H Chucas 50 H Baitun 86

E Eol_Proy 1 40 T CC_GNL 500

E Eol_Proy 2 40

G Sn Vicente 52 G Hoyo 2 40 H Reventazón 300 H Sindigo 10

G Chiltepe 1 40

G Chiltepe 2 40

H Salto YY 25

H Tumarínn 160

H Valentín 28 H Chan II 214

H El Carmen 60 H Pando 32

H Piedra Fina 42

H Chulac 446 H Diquis 608 H Montelirio 52

H MiniDiquis 23

2017 T CC_GNL 500 H El Alto 60 560

G ChInameca 52 H Tornillito 160 H Cte. Lira 40 H Savegre 200

T CC_GNL 500 T CC_GNL 500

H Patuca 2 270

2020 H Serchil 145 G Cuya 26 T CC_GNL 500

2021 T CC_GNL 500 H Patuca 2A 150 H BarroBlanco 20

H Patuca 3 100 H RC-500 59 T CC_GNL 500

H El Tablón 20 H Llanos 84

H Llanitos 98 T VAPC 500

T Coal 500

2023 T CC_GNL 500 500

2,066 1,592 2,713 1,347 2,916 2,037 12,671

975 1,250 1,915 544 1,200 1,120 7,004

44 130 0 339 35 0 548

0 0 0 0 80 0 80

1,047 212 798 464 1,601 917 5,039

2,066 1,592 2,713 1,347 2,916 2,037 12,671

500 1,000 1,000 500 500 1,000 4,500

430 250 805 0 500 120 2,105

45 0 110 44 200 0 399

2022

Capacity additions

2014

2015

2016

2018

2019

2011

2012

2013

COSTA RICA PANAMA

2010

1,129

1,452

270

1,341

1,861

GUATEMALA EL SALVADOR

1,815

667

376

427

1,299

974

GNL

Carbón

Otra convenc.

Wind E

Hydro H

Total

Thermal T

Geothermal G

YEAR

HONDURAS NICARAGUA

Source: Second circuit Project study. SIEPAC SNC-LAVALIN, October 2008 
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Annex 4: Financial sustainability
42 

4.1 Introduction 

Retail electricity prices in all Central American (CA) countries are established by 

national regulatory authorities. El Salvador, Guatemala, Nicaragua and Panama 

implemented significant power sector reforms (unbundled generation, transmission and 

distribution/commercialization activities, private participation and competitive wholesale 

markets). Generation costs in these countries are determined by adding up the energy and 

capacity costs of long-term energy supply contracts (with prices obtained from 

competitive bids) and the cost of purchases in the spot market (with prices obtained from 

economic dispatch, cost based in Guatemala, Panama and Nicaragua
43

 and price based in 

El Salvador
44

), with an averaging mechanism to smooth out the volatility of generation 

costs before passing it through to retail prices, in addition to transmission and regulated 

distribution/commercialization charges. In Costa Rica, retail prices are regulated based on 

a cost-plus methodology and generation costs are differentiated by capacity and energy, 

time of use and season to reflect the generation cost structure. In Honduras, the law 

stipulates that retail tariffs are based on generation costs calculated as the average of the 

projected short-run marginal generation costs five years in the future, but in practice a 

price escalation formula (considering the impact of fuel prices, inflation and devaluation) 

is applied to a tariff schedule established in 2000. 

Spot prices in the region’s competitive wholesale markets increased substantially after 

2004 due to the sharp increase in the price of residual oil in the Caribbean market, the 

fuel used in most cases by the marginal plants in the economic dispatch. In Panama, 

Nicaragua and El Salvador, which faced a tight supply/demand balance in 2007–2008, 

the increase in spot prices was more pronounced as less efficient and expensive 

generation plants were dispatched and wholesale electricity prices increased to about 

US$140/MWh, implying significant retail price increases. In Honduras and Costa Rica, 

given the methodologies used to estimate generation costs, retail tariffs were lower and 

more stable in that period. In all of the countries, the existence of direct and indirect 

electricity subsidies, the high cost of emergency power generation (mainly in Costa 

Rica), as well as several imperfections or controls in the mechanisms to pass through 

generation costs to retail tariffs (mainly in Nicaragua and El Salvador), created a 

significant financial burden for some governments or for some of the power companies in 

charge of electricity service. In 2008 a significant amount of funds to cover the financial 

requirements of electricity service were provided by ICE and ENEE (the integrated 

                                                 
42

 This chapter was prepared using available information and documentation obtained from official CA 

electricity regulatory and market agencies and from the following reports: a) ―Costa Rica: DPL 

Competitiveness Report on Electricity Sector,‖ January 2009, Draft Version 2, Gabriela Elizondo Azuela 

and, b) Central America: AAA Programmatic Approach Umbrella module–Preliminary Draft Report, 

March 2009, Manuel I. Dussan. 
43

 The laws issued during 2005–2008 to prevent adverse price impacts for electricity consumers due to the 

increase of international oil prices permitted government intervention of spot prices in Nicaragua. 
44

 To prevent adverse exercise of power markets by generators, in 2003 the law ordered that variable costs 

be represented in the Salvadoran electricity market, a situation that also allowed government intervention of 

spot prices. 
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public power companies of Costa Rica and Honduras), ENEL-Hidrogesa, CEL and INDE 

(the public hydropower generation companies in Nicaragua, El Salvador and Guatemala), 

and the distribution companies (Discos) in Nicaragua. In addition, increases in electricity 

losses in some countries (except in Costa Rica and El Salvador) created an additional 

financial burden for some of the Discos. This situation is summarized below. 

CA Power Service: Summary of Estimated Financial Impacts in 2008  

 

COUNTRY 

Approximate 

economic 

deficit in tariffs  

US$M in 2008 

 

Assumed by 

Approximate 

Cost of 

additional 

power losses 

US$M in 2008 

 

Assumed by 

Costa Rica 238 ICE -- -- 

Honduras 76 ENEE 33 ENEE 

Nicaragua 25 Discos 44 Discos 

El Salvador 80 CEL/Government -- -- 

Guatemala 62 INDE 35 Discos 

Panama 73 Government 53 Discos 

  Source: Consultant estimates (including net subsidies but not the effect of cross subsidies, i.e., in Panama). 

This annex contains the results of a preliminary financial sustainability assessment of 

electricity service in CA countries. It consists of a forecast of estimated impacts on 

financial deficit or subsidies associated with the electricity service in each country and a 

comparison with estimates of related main funding sources.
45

 

An effort was also made to estimate the fundamentals that may jeopardize the financial 

sustainability of electricity markets in each country during 2009–2012, under the 

assumption of maintaining the current wholesale electricity pricing mechanisms and 

external subsidies in retail tariffs. This exercise was conducted in the light of a          

2009–2012 illustrative demand/supply and short-run marginal cost estimate obtained 

using the SDDP
46

 model. For this application a database updated in October 2008 by 

XM
47

 was used. Appendix 1 contains a brief description of this model and a summary of 

                                                 
45

 The following sources of funds were considered explicitly to cover deficits or subsidies associated with 

electricity service: i) the national budget in Panama, and ii) net income associated with existing 

hydroelectric power plants owned by INDE (Guatemala), ENEL (Nicaragua) and CEL (El Salvador). 

Indicators of net hydropower income are called ―hydroelectric rent‖ in this report. They were roughly 

estimated as 70 percent of potential sales at marginal costs (i.e., a 30 percent margin was considered to 

cover O&M costs, taxes and other payments). 
46

 The SDDP (Stochastic Dual Dynamic Programming) model was developed by the Brazilian firm PSR. It 

is an optimization/simulation model of hydrothermal power systems used extensively in the CA countries. 
47

 XM (www.xm.com.co) is the firm in charge of power system operation and market administration in 

Colombia. This firm updates monthly the SDDP (MPODE in Colombia) model database of the Ecuadoran, 

Colombian and Central American power systems. Demand forecasts and generation expansion programs 

for CA countries were updated in October 2008 with information provided by ETESA (Panama). Fuel oil 

#2 (diesel) and #6 (bunker C) prices, the main drivers of marginal costs and electricity prices in Central 
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the basis used for the simulations. Illustrative short-run marginal costs (expected annual 

averages) were obtained from this exercise and compared with average generation prices 

in each country. These prices were obtained as a netback from average retail prices to 

final consumers, discounting transmission and distribution charges and costs associated 

with real power losses in each market. Results obtained show that short-run marginal 

costs would lower in all countries during 2009–2012 due to the reduction assumed for 

fuel oil prices and to the increase in thermal and hydroelectric power generation with new 

power plants assumed to be commissioned in the region after 2009. 

The following table summarizes aggregate illustrative forecasts obtained using the SDDP 

model for the CA power markets (without considering international interchanges with 

other countries). 

CENTRAL AMERICAN ELECTRICITY MARKETS 

 

Source: SDDP model simulations (average marginal cost indicators were estimated as the arithmetic average of 

marginal costs obtained for the six CA power markets). 

 

The following sections present a simplified assessment of the financial sustainability of 

the electricity sector in each country, as summarized below: 

Costa Rica: The financial sustainability of the electricity sector in this country is directly 

related to ICE’s financial performance, which has been affected in recent years by two 

main issues: a) the low generation cost considered for the calculation of retail tariffs, 

which in 2008 was considerably lower than the economic cost, and b) the high fuel costs 

that the company assumed in the recent past for temporary emergency power generation. 

These factors represented a financial burden of about 65 percent of ICE’s estimated 

hydroelectric rent in 2008 but they are expected to be moderated in the future, 

                                                                                                                                                 

America, were also updated for this exercise by the consultant according to forecasts made by CND 

(ETESA) for 2009 (based on EIA short-term forecasts). These price levels (US$2.97/gal for diesel and 

US$0.97/gal for bunker C) were assumed to be stable for 2010–2012. They correspond to a WTI price level 

of around US$55/B after 2009. For illustrative purposes, an additional scenario driven by a WTI price of 

around US$75/B was also prepared. 

2009 2010 2011 2012

DEMAND (GWH) 42,634         44,631         47,008         49,425         

HYDRO GEN. (GWH)

    Existing 19,509         19,377         19,509         19,509         

    New -                983               3,887           5,301           

THERMAL & OTHERS GEN. (GWH) 23,121         24,272         23,611         24,615         

NET EXPORTS (GWH) -                -                -                -                

FUEL - O&M COST (US$M) 1,345 1,185 979 1,003

AVG. MARGINAL COST ($/MWH)

WTI after 2009: USD 55/B 89 74 60 60

WTI after 2009: USD 75/B 89 98 79 78
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considering recent retail tariff adjustments (2009) and the fuel prices and generation 

expansion program considered in this analysis. Under these circumstances ICE’s 

recovered average generation tariff could be balanced with economic generation costs by 

2010 (with West Texas Intermediate [WTI] at US$55/B) or by 2011 (with WTI at 

US$75/B). It is expected that this would then lead to a favorable financial sustainability 

outlook for ICE. 

Honduras: ENEE’s financial performance determines the financial sustainability of the 

electricity sector in Honduras, which has recently been affected by: a) the low average 

residential retail tariff, which in 2009 was considerably lower than its economic cost and 

is not compensated by the high retail tariffs for industry and commerce, as indicated in 

ENEE’s 2009 tariff studies; and b) the costs assumed by ENEE due to electricity losses 

higher than the 15 percent level considered in the tariff structure. In a scenario with WTI 

prices around US$75/B, the economic losses due to both factors would imply that the 

recovered average generation tariff would not pay the economic generation cost 

estimated for this system. Under an scenario of US$55/B for WTI prices, the current 

generation cost recovered from the average retail tariff would be sufficient to cover the 

short-run marginal costs and capacity component estimated for Honduras’s power system 

after 2011, but this must be assessed taking into account the higher prices paid by ENEE 

for power purchases from private producers in a significant volume (70 percent of total 

required energy in 2008). These factors would imply that the additional costs assumed by 

ENEE to provide electricity service in Honduras would be higher than the average 

generation price that could be recovered from sales to final consumers, implying an 

outlook of potentially serious financial unsustainability in the Honduran electricity sector. 

Nicaragua: In recent years, the financial performance of the electricity sector in this 

country has been seriously affected by government intervention in wholesale electricity 

prices, limiting real generation costs that were passed through retail tariffs and by 

extremely high distribution losses. With this, the financial performance of the Discos has 

deteriorated due to: a) the low generation cost considered for the calculation of tariffs, 

which in 2007 and 2008 was considerably lower than the marginal economic cost 

estimated for the Nicaraguan market, and lower than the generation costs paid by the 

Discos (accumulating a significant deficit, US$70 million from early 2007 to mid-2008, 

and resolved partially and periodically through ENEL’s loans, US$20 million in January 

2008); and b) the significant costs assumed by the Discos due to electricity losses higher 

than the 12 percent allowed for distribution losses in the tariff structure. In a scenario 

with WTI prices around US$75/B, the economic losses due to both factors would imply 

that the recovered average generation tariff would not pay the economic generation cost 

estimated for this system. Under a scenario of US$55/B for WTI prices, the current 

generation cost recovered from the average retail tariff would be sufficient to cover the 

short-run marginal costs and capacity component estimated for the Nicaraguan power 

market after 2011, but this must be reconsidered taking into account higher prices paid by 

the Discos for power purchases from private producers. These factors would imply an 

outlook of potentially serious financial unsustainability in the Nicaraguan electricity 

market. 

El Salvador: The financial sustainability of the electricity market in this country is 

mainly related to the low generation cost considered for the retail tariffs (US$91.1/MWh, 
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increased to US$111.1/MWh by mid-2008 for medium- and large-demand consumers), 

which in 2008 was considerably lower than the economic cost of electricity in the market. 

This factor led to a serious deficit that CEL could not cover with its hydroelectric 

economic rent in 2008. However, it is expected that, during 2009–2012, the deficit could 

be covered from CEL’s resources, avoiding the injection of additional resources from the 

government. Under scenarios with WTI prices of around US$55 to US$75/B, the current 

generation cost recovered from the average retail tariff would be sufficient to cover the 

short-run marginal costs and capacity component estimated for El Salvador’s power 

system after 2011, showing an outlook of financial sustainability. However, this must be 

checked by considering prices paid by the Discos for contracted power purchases. 

Guatemala: The main findings related to the financial situation of the electricity market 

in this country are directly related to INDE’s and the Discos’ financial performances, 

taking into consideration two main aspects: a) the explicit subsidy covered with INDE’s 

resources to maintain the social tariff, which is considerably lower than its hydroelectric 

rent during 2008–2012; and b) the costs assumed by the Discos due to relatively high 

electricity losses. Under scenarios with WTI prices of around US$55 to US$75/B, the 

current generation cost recovered from the average retail tariff (without considering 

subsidies funded by INDE) would be sufficient to cover the short-run marginal costs and 

capacity component estimated for Guatemala or the average price of the recent       

CEFE-INDE purchase contract for Mexican electricity imports, showing an outlook of 

financial sustainability. However, this should be checked in light of the prices of existing 

contracts. 

Panama: The main findings related to the financial sustainability of Panama’s power 

market are related to: a) the government’s budget allocation transferred to ETESA to 

maintain the explicit subsidies for residential users; and b) the costs assumed by the 

Discos due to electricity losses that are higher than allowed losses. Under scenarios with 

WTI prices of around US$55 to US$75/B, the current generation cost recovered from the 

average retail tariff (without considering subsidies funded by the government) would be 

sufficient to cover the short-run marginal costs and capacity component estimated for 

Panama or the average price of the recent electricity purchase contract prices obtained 

from public tenders, indicating an outlook of financial sustainability. 

 

4.2 Costa Rica 

4.2.1 Electricity tariffs 

Electricity prices in Costa Rica are regulated by ARESEP (the Regulatory Authority for 

Public Services) based on a cost-plus methodology that worked well in the past, because 

ICE is recognized as a well-run state-owned enterprise that traditionally has been able to 

finance its expansion plans out of its balance sheet while maintaining the lowest 

electricity tariffs in CA. The following graph summarizes historical average tariffs in 

Costa Rica. 
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However, the cost-plus regulation faced difficulties in 2007–2008 due to the impact of a 

higher share of thermal generation and high fuel prices. These represented costs to ICE 

that were not passed through to final consumers in a timely manner, resulting in a low 

rate of return on assets. 

ICE has requested significant tariff increases from ARESEP in a very short period of time 

to cover the cost of dispatching thermal generation. In April 2008, ARESEP approved an 

average tariff increase of 18 percent. However, ICE requested two subsequent increases: 

15 percent in August 2008 and an additional 31 percent in September 2008. ARESEP has 

recently approved average tariff increases of 9.4 percent (October 2008) and              

15.11 percent (December, 2008), taking into consideration that fuel prices, including 

diesel, have gradually lowered. 

Retail tariffs are calculated as the addition of generation (including electricity losses), 

transmission and distribution costs. The graph below illustrates the evolution of the cost 

components in the average tariffs for final consumers. 
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4.2.2 Determination of subsidies 

The current tariff structure is the result of a gradual reduction of cross-subsidies from 

industrial and commercial users to residential users. No direct subsidies are assumed by 

the government and they are not specified in the billing. In addition, there are no clear 

rules to calculate tariffs and subsidies, a situation that creates ongoing tension between 

ARESEP and ICE. Moreover, subsidies to the residential sector distort price signals, 

elevating demand above what it would be if electricity were priced at its economic cost. 

4.2.3 Generation costs applied to tariffs and short-run marginal costs 

Today, electricity tariffs are calculated by ARESEP based on a relatively low WACC, 

ranging from 6 to 8 percent, which affects ICE’s capacity to raise the capital resources 

necessary to maintain sustainable expansion. During 2007–2008, electricity tariffs in 

Costa Rica did not reflect incremental marginal costs. Increasing operational costs, 

together with the cost of subsidies assumed by ICE, have jeopardized the expansion, 

maintenance and operation of the system. 

The graph below illustrates the evolution of the generation cost considered within 

electricity tariffs in Costa Rica (estimated from ICE’s average generation service tariff) 

and the WTI price trend. It shows that, according to the cost-plus methodology used for 

tariff setting, these two variables have been decoupled, a situation that may explain the 

considerable generation tariff adjustment at the beginning of 2009 after a significant 

decline in the WTI price. 
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In 2008, the average short-run marginal cost was estimated at a record US$127 /MWh.
48

 

However, that year the generation cost component in the tariff (estimated from ICE’s 

average generation service tariff) was only around US$67/MWh; it was increased to 

US$94/MWh for 2009 (January). 

4.2.4 Fuel costs and financial impact 

The tight reserve margin shown by the system has led to the lease and dispatch of 

expensive thermal capacity. Over the past few years, ICE has gradually dispatched more 

thermal generation with increasingly high unit costs and with serious effects on its 

finances. As presented in table below, thermal generation reached seven percent of total 

Costa Rican power generation in 2008, representing a unit fuel cost of US$298/MWh 

associated with peak demand, with total fuel expenditures of around US$200 million. 

Expenditures in fuel oil and diesel for 2007 and 2008 have indebted the company by 

about US$100 million.
49

 

 

 

 
          

 

4.2.5 Electricity losses 

The power market in Costa Rica maintained electricity losses at an acceptable level of 

around 10 percent of total electricity production during 2007–2008, as presented in the 

table below. 

                                                 
48

 ICE, September 2007. Plan de Expansión de la Generación Eléctrica 2008–2021. 

49
 ICE’s executive director (La Nación, October 22, 2008). 

 COSTA RICA: POWER GENERATION (GWH & USD/MWH)

TOTAL THERMAL

GWH GWH % USD/MWH 1/

2004 8,063 84 1% 136

2005 8,215 295 4% 164

2006 8,613 553 6% 203

2007 8,919 739 8% 220

2008 9,344 700 7% 298

1/ Pujol - Marti group thermal plants not included due to lack of information

Source: ARESEP (www.aresep.go.cr) and consultant processing. 

http://www.aresep.go.cr/
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COSTA RICA: POWER GENERATION, SALES AND LOSSES 

 

 

 

 

4.2.6 Illustrative forecasts  

The table below summarizes the illustrative electricity service forecasts obtained for the 

power sector in Costa Rica. 

 

COSTA RICA: ILLUSTRATIVE POWER SECTOR FORECASTS 

 

 

 

2004 2005 2006 2007 2008

GENERATION (GWH) 8,063      8,215      8,613      8,919      9,344      

EXPORTS (GWH) 312         70           26           5             90           

IMPORTS (GWH) 82           81           104         162         24           

TOTAL  (GWH) 7,833      8,227      8,691      9,076      9,278      

SALES (GWH) 7,010      7,363      7,820      8,176      8,360      

LOSSES (GWH) 824         863         871         900         918         

                            (% of Total) 10.5% 10.5% 10.0% 9.9% 9.9%

2008 2009 2010 2011 2012

(HIST)

DEMAND (GWH) 9,278 10,043 10,556 11,083 11,636

HYDRO GEN. (GWH)     

    Existing 7,315 7,132 7,132 7,132 7,132

    New  806 1,210 1,197

THERMAL & OTHERS GEN. (GWH) 2,029 2,199 2,407 3,022 3,363

NET EXPORTS (GWH) (66) (712) (211) 281 56

     

THERMAL COST (US$M) 208 78 84 69 74

Extra thermal costs (US$M) 1/ 166

ICE´s Hydro Generation (GWH) 5,388 5,253 5,253 5,253 5,253

ICE´s Hydro Rent (US$M) 2/ 253 353 353 242 236

AVG. SHORT RUN MARGINAL COST & CAPACITY COMPONENT (US$/MWh) 3/

Reference Case (WTI: US$ 55/B) 127 129 98 66 64

Sensitivity (WTI: US$ 75/B) 127 129 128 88 85

GEN. COST IN AVG. TARIFF ($/MWH) 4/ 67 96 96 96 96

1/ Estimated for 2008 as the 80% of thermal costs

2/ Estimated with 70% of Gen Cost in Avg. Tariff

3/ Obtained from SDDP simulations including US$ 10/MWh as capacity component

4/ Assumed stable after 2009

Source: Estimates based on ARESEP statistics. 

 

Source: Based on simulations of the SDDP Model, 2008. 
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The main findings related to the financial sustainability of Costa Rica’s power sector are 

directly related to ICE’s financial performance, which has been affected by two main 

issues: a) the subsidies and low generation cost considered for the calculation of tariffs, 

which in 2008 and 2009 were considerably lower than the economic cost of electricity in 

the market, as indicated by higher marginal costs; and b) the extra fuel costs that the 

company had assumed in the recent past to pay for fuels used for emergency generation 

(which represented around 65 percent of ICE’s hydro rent in 2008). Both factors would 

be moderated in the future under the lower future fuel price scenarios and the expansion 

program considered in this analysis. Under these circumstances, ICE’s recovered average 

generation tariff could be balanced by economic generation costs by 2010 (with WTI at 

US$55/B) or by 2011 (with WTI at US$75/B). This analysis does not consider the effect 

of the prices paid by ICE to private generators (these prices would represent a relatively 

minor impact given that the volume of ICE’s total purchases from private producers in 

2008 is only 16 percent of total energy required in this market). 

 

4.3 Honduras 

4.3.1 Electricity tariffs 

 

In Honduras, the law states that electricity tariffs should be based on generation costs that 

are calculated as the average of the projected short-run marginal generation costs five 

years in the future. This cost was estimated at US$86.9/MWh in the 2009 tariff study 

performed by ENEE. However, in practice a price escalation formula (impact of fuel 

prices, inflation and devaluation) is applied to a tariff schedule established in 2000. 

Today, the average tariff of US$130.0/MWh only covers 87 percent of supply costs, 

US$150.1/MWh, which generates an annual deficit of around US$125 million                

(US$76 million in 2008 due to a higher average tariff of US$136.8/MWh). Average 

tariffs for industrial and commercial consumers in January 2009 were above               

cost-recovery levels: US$156.1/MWh compared to US$138.2/MWh of estimated average 

costs.  

 

However, residential tariffs are subsidized and the total average tariff for residential 

consumers in January 2009 was US$97.1/MWh, well below its average cost of 

US$163.9/MWh and the average tariff of US$144.3/MWh proposed for 2009. The table 

below illustrates this situation.The current real average tariff can pay an effective 

generation cost of only US$65.3/MWh, taking into account granted subsidies and 

additional losses (see 5.3.2). In an effort to mitigate ENEE’s delicate financial situation, 

the government has applied higher tariff increases to industrial and commercial 

consumers, maintaining subsidies for residential consumption of less than 300 kWh per 

month. 
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HONDURAS: ELECTRICITY COSTS AND TARIFFS 

 

 
Source: Estimates based on: 1/ ―Boletín Estadístico Enero 2009‖ and 2/ ―Estudio del Pliego Tarifario. 

2009‖. 

 

In 2008, several tariff increases were applied, representing about a 30 percent annual 

average increase in equivalent US$. However, by January 2009 a tariff reduction of       

10 percent was established, taking into account the results of the Tariff Study for 2009 

(―Estudio del Pliego Tarifario, ENEE, January 2009‖). 

 

 
                           Source: Consultant estimates based on ENEE statistics. 

 

4.3.2 Electricity losses 

Electricity losses in Honduras have accentuated ENEE’s financial deficit. The electricity 

cost structure has been estimated, allowing 15 percent of electricity losses for             

low-voltage power available to residential consumers. ENEE’s financial deficit due to the 

cost of the assumed losses, estimated at the average residential tariff, increased from 

US$14 million in 2001 to US$41 million in 2008, as presented below. 

Monthly COST TARIFF Jan/09

CATEGORY Clients MWh USD/MWH USD/MWH

 (Real)

Residential 1,027,215 177,108 163.9 97.1

Non Residential 85,277 207,306 138.2 156.1

Average 1,112,492 384,414 150.1 130.0

Average generation cost included in tariffs 86.9 65.3

Regulated losses (15% losses) 13.0 10.4

Transmission & Distribution costs 50.1 50.1

Additional losses (6%) 4.2
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FINANCIAL IMPACT OF ELECTRICITY LOSSES 

 
 Source: Prepared by consultant. 

 

4.3.3 Illustrative forecasts 

The forecasts obtained for the electricity market in Honduras are presented below. 

 

HONDURAS: ILLUSTRATIVE POWER SECTOR FORECASTS 

 

 Source: Based on simulations of the SDDP Model, 2008. 

 

2001 2002 2003 2004 2005 2006 2007 2008

Available Energy (GWh) 4,183 4,493 4,854 5,223 5,551 5,948 6,282 6,533

Sales (GWh) 3,343 3,547 3,775 4,011 4,176 4,442 4,932 5,168

Losses (GWh) 840 946 1,079 1,212 1,375 1,505 1,350 1,365

% of Available Energy 20.1% 21.1% 22.2% 23.2% 24.8% 25.3% 21.5% 20.9%

% of Sales 25.1% 26.7% 28.6% 30.2% 32.9% 33.9% 27.4% 26.4%

Allowed Losses (15%) 627 674 728 783 833 892 942 980

Assumed Losses (GWh) 213 272 351 428 542 613 408 385

Residential Tariff (USD/MWh) 68 70 73 78 80 85 85 106

Finanacial loss (USDM) 14 19 26 33 43 52 35 41

2008 2009 2010 2011 2012

DEMAND (GWH) 6,533 7,164         7,539         7,941         8,337         

HYDRO GEN. (GWH)     

    Existing  2,616         2,714         2,598         2,616         

    New 150            

THERMAL & OTHERS GEN. (GWH)  4,601         3,896         3,960         4,483         

NET EXPORTS (GWH) 53               (928)           (1,382)       (1,089)       

AVG. SHORT RUN MARGINAL COST & CAPACITY COMPONENT (US$/MWh) 1/

Reference Case (WTI: $ 55/B) 127 69 66 60 61

Sensitivity (WTI: $ 75/B) 127 69 88 77 78

GEN. COST IN AVG. TARIFF ($/MWH) 2/ 72 65 65 65 65

1/ Obtained from SDDP simulations including US$ 10/MWh as capacity component

2/ Assumed stable after 2009
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The main findings related to the Honduran power sector’s financial sustainability are 

related to ENEE’s financial performance, which has been affected by two main issues:   

a) the low average residential retail tariff, which in 2009 was considerably lower than its 

economic cost and is not compensated by the high retail tariffs for industry and 

commerce, as indicated in ENEE’s 2009 tariff studies; and b) the costs assumed by 

ENEE due to electricity losses higher than the 15 percent considered in the tariff 

structure. 

In a scenario with WTI prices around US$75/bbl, the economic losses due to both factors 

would imply that the recovered average generation tariff would not pay the economic 

generation cost estimated for this system. In theory and under an scenario of US$55/bbl 

for the WTI price, the current generation cost recovered from the average retail tariff 

would be sufficient to cover the short-run marginal costs and capacity component 

estimated for Honduras’s power system after 2011, but this must be assessed taking into 

account the high prices paid by ENEE for power purchases from private producers in a 

significant volume (70 percent of total required energy in 2008). These factors would 

imply that the additional costs assumed by ENEE to provide electricity service in 

Honduras would be higher than the average generation price that could be recovered from 

sales to final consumers, implying an outlook of potentially serious financial 

unsustainability in the Honduran electricity market. 

 

4.4 Nicaragua 

4.4.1 Electricity tariffs  

Electricity tariffs in Nicaragua are regulated by INE based on a pass-through of 

generation, transmission (value-added transmission) and distribution (value-added 

distribution) costs. Generation costs are determined by a combination of the energy and 

capacity costs of long-term energy supply contracts and the cost of purchases in the spot 

market (cost-based economic dispatch). The electricity law established a mechanism to 

smooth out the volatility of energy prices in the spot and contract markets that were 

sensitive to heavy fuel oil prices (about 74 percent of total generation came from 

conventional thermal plants, mostly medium-speed diesel using bunker C fuel). For tariff 

adjustments based on wholesale generation costs, the regulator has defined a formula that 

compares actual and estimated wholesale costs. This allows the regulator to update 

wholesale costs and calculate the value of the accumulated discrepancies (positive or 

negative) for its translation into tariffs and its recovery through programmed sales for the 

next six months. According to the formula, adjustments can be made monthly. 

In 2007 and 2008 retail electricity price adjustments lagged behind the increase in 

generation costs, which have been heavily affected by the increase in the price of bunker 

C. The pass-through of generation costs to tariffs did not work as envisaged because in 

2005 Law 554 declared an energy crisis and temporary measures were established to 

reduce the impact of high fuel prices on electricity tariffs, including a market intervention 

by which spot prices were not calculated based on marginal costs, but rather on a 

weighted average of the variable costs of dispatched thermal units plus 10 percent. 

Amendments to Law 554/05 (Laws 600/06 and 627/08) prolonged the application of the 

temporary measures and postponed the compensation of the deviations in wholesale 
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prices through ENEL’s
50

 loans. In spite of the actions taken to delay the increase in 

electricity tariffs and mitigate the impact of high fuel prices, annual average residential 

tariffs increased about 27 percent from 2005 to 2007. The tariff schedule set by the 

regulator for October 2008 shows high average tariffs, with a significant reduction       

(22 percent) during November and December (2008) associated with a 28 percent 

estimated reduction in the wholesale electricity generation price
51

 (as a result of the 

decrease in the price of bunker C). 

The table below shows the components of retail electricity tariffs in Nicaragua. 

NICARAGUA: AVERAGE ELECTRICITY TARIFFS COMPONENTS 

 

 Source: ―Metodología para la Fijación de la Tarifa del Sector Eléctrico de Nicaragua.‖ December 2008. 

 

4.4.2 Generation costs 

The following graph illustrates the evolution of fuel and wholesale electricity prices 

during 2005–2008, showing the lag between the real wholesale electricity price and the 

passed-through wholesale electricity price to tariffs. 

                                                 
50

 ENEL is the National Electrification Company which owns the public companies, including Hidrogesa 

(owner of hydroelectric power plants). 
51

 Referenced as ―monomic energy price in mean tension‖ in the table. 

ELECTRICITY PRICE COMPONENTS Aug-08 Sep-08 Oct-08 Nov-08 Dec-08 Jan-09

Monomic  Energy price in MT (US$/MWh) 144.1 155.9 155.9 130.9 112.5 111.0

Average transportation cost in MT (US$/MWh) 5.2 5.2 5.2 5.2 5.2 5.2

Total in MT (US$/MWh) 149.2 161.0 161.0 136.0 117.7 116.2

Losses cost (US$/MWh) 17.9 19.3 19.3 16.3 14.1 12.2

Allowed losses 12% 12% 12% 12% 12% 12%

Total supply in BT (US$/MWh) 167.1 180.4 180.4 152.3 131.8 128.4

VAD Distribution(US$/MWh) 35.1 35.1 35.1 35.1 35.1 37.6

VAD Public Lightning (US$/MWh) 5.2 5.2 5.2 5.2 5.2 5.6

VAD Comercialization (US$/MWh) 6.9 6.9 6.9 6.9 6.9 7.4

Total in BT (US$/MWH) 214.4 227.6 227.6 199.6 179.0 179.0

Additional Law 627 (US$/MWh) 6.0 6.0 6.0 6.0 6.0 6.0

Final Average Tariff (US$/MWh) 220.4 233.6 233.6 205.6 185.0 185.0

Tariff Increase 6% 0% -12% -10% 0%
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Source: Graph prepared with data obtained from ―Metodología para la Fijación de la Tarifa del Sector 

Eléctrico de Nicaragua.‖ December 2008. 

 

The graph below illustrates the evolution of the accumulated deficit due to the difference 

between the wholesale electricity price passed through the tariffs and the real wholesale 

electricity price paid by the distribution companies. The cumulative deficit represented a 

maximum amount of around US$70 million during 2007–2008, and in January 2008 an 

ENEL loan of US$20 million was applied to reduce it. In summary, the maximum 

cumulative deficit in 2007 was US$45 million and in 2008 US$25 million. 

 

 

      Source: Consultant estimates based on official information. 
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4.4.3 Electricity losses 

The expected benefits of the electricity market reform in Nicaragua did not materialize. 

One of the main reasons was that private distribution companies were unable to control 

electricity losses. Transmission and distribution losses only decreased from 32 percent in 

2000 to 28.8 percent of available electricity in 2007 (allowed distribution losses are       

12 percent and estimated transmission losses vary from 1.8 to 2.3 percent). Total 

distribution losses in December 2008 were 23.8 percent. The graph below illustrates the 

estimated evolution of the accumulated deficit of distribution companies due to electricity 

losses during 2007–2008 (around US$36 million in 2007 and US$44 million in 2008). 

 

 

Source: Consultant estimates. 

 

The additional losses costs not included in the tariffs imply that the effective generation 

cost recovered through the average retail tariff is reduced from US$117.66/MWh to 

US$102.26/MWh, as presented below. 
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NICARAGUA: Deficit due to Electricity Losses (US$M)

Real Losses Cost (US$M) Allowed Losses Cost (US$M)

Accum. Losses Deficit (US$M)

CATEGORY

COST   

(USD/MWH)

TARIFF Dec/08   

USD/MWH    

(Real)

Average generation cost included in tariffs 117.66 102.26

Regulated losses (12% losses) 14.12 14.12

Transmission and distribution costs  (VAD) 53.25 53.25

Additional losses (17%) 15.40

Final average tariff 185.03 185.03
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4.4.4 Illustrative forecasts 

The forecasts obtained for the electricity market in Nicaragua are presented below. 

 

NICARAGUA: ILLUSTRATIVE POWER SECTOR FORECASTS 

 

 Source: Based on simulations of the SDDP Model, 2008. 

 

The main findings related to the financial sustainability of the Nicaraguan electricity 

market are directly related to two main issues: a) the low effective generation cost 

considered for the calculation of tariffs and the accumulated total deficit borne by the 

Discos, and b) the costs assumed by the Discos due to electricity losses higher than the  

12 percent regulated for distribution losses in the tariff structure. 

In a scenario with WTI prices around US$75/B, the economic losses due to both factors 

would imply that the recovered average generation tariff would not pay the economic 

generation cost estimated for this system. Under a scenario of US$55/B for the WTI 

price, the current generation cost recovered from average retail tariff would be sufficient 

to cover the short-run marginal costs and capacity component estimated for Nicaragua’s 

power system after 2011, but this must be reconsidered taking into account higher prices 

paid by the Discos for power purchases from private producers. These factors would 

imply an outlook of potential serious financial unsustainability in the Nicaraguan 

electricity market. 

2008 2009 2010 2011 2012

DEMAND (GWH) 3,350 3,523 3,680 3,844

HYDRO GEN. (GWH) 0 0 0 0

    Existing 893 760 738 893

    New 0 0 0 88

THERMAL & OTHERS GEN. (GWH) 2,914 2,854 2,629 2,604

NET EXPORTS (GWH) 457 92 (313) (258)

AVG. SHORT RUN MARGINAL COST & CAPACITY COMPONENT (US$/MWh) 1/

Reference Case (WTI: $ 55/B) 140 73 70 66 65

Sensitivity (WTI: $ 75/B) 140 76 92 84 84

GEN. COST IN AVG. TARIFF ($/MWH) 2/ 119 92 92 92 92

WHOLESALE INDIRECT SUBSIDY ($/MWH) 3/ 13 13 13 13 13

NET GEN. COST ($/MWH) 106 80 80 80 80

1/ Obtained from SDDP simulations including US$ 10/MWh as capacity component

2/ Assumed stable after 2009

3/ Average differential in 2007 & 2008 (US$ 70M and 5625 GWH extracted)
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4.5 El Salvador 

4.5.1  Electricity tariffs  

Electricity prices in El Salvador are regulated by SIGET (Office of the General 

Superintendent for Electricity and Telecommunications) based on a pass-through of 

generation, transmission (value-added of transmission), distribution (value-added of 

distribution) and commercialization costs. Generation costs are determined by the energy 

costs of supply contracts and the cost of purchases in the spot market (price-based 

economic dispatch) called MRS (Mercado Regulador del Sistema). Generation costs are 

revised every six months to track real market costs. Values added for distribution and 

commercialization are revised every five years based on efficient costs. 

Due to the substantial increase in fuel oil prices since 2004, the government decided to 

control generation costs (as described in the following section). In 2007 and 2008, the 

difference between the spot price and the reference generation price increased and the 

amount to be compensated by the government (through the allocation of CEL’s economic 

rents) by mid-2008 was around US$80 million, implying that the subsidy was not 

sustainable. CEL lacked the financial means to cover this amount and by mid-2008 the 

government decided to reduce the subsidy to commercial and industrial consumers by    

40 percent. 

In addition to the generalized subsidy, there is a direct subsidy for residential consumers 

with monthly consumption below 100 kWh, for whom 89.5 percent of the tariff is 

subsidized. This represents about 11 percent of total demand (around 500 GWh in 2008). 

4.5.2 Generation costs 

The power market faced difficulties early in the early 2000s when private generators tried 

to recover the fixed costs of their generation plants in energy price bids. Spot prices were 

high and volatile, while bilateral contracts failed to smooth out the volatility of spot 

prices, which led to a wide variation in retail electricity prices. The government 

introduced changes to smooth out the volatility of electricity prices: a mechanism of   

pass-through to tariffs of a six-month average of spot prices was implemented to take 

care of the deviations between the average and real generation costs, and in 2003 a 

transition to a cost-based economic dispatch (not yet implemented) and mandatory     

long-term contracts was announced. 

In early 2005, facing increases in fuel prices and a tight supply/demand balance, spot 

prices based on marginal costs determined by price bids of generators with market power 

underwent substantial increases. As a reaction, the government decided to change to a 

pay-as-bid scheme in which the price was defined by the weighted average of the bids of 

the generation plants dispatched to meet demand. Price bids by CEL, the state-owned 

enterprise, which were determined based on reasonable financial costs, played a role in 

the stabilization of spot prices. 

The pay-as-bid scheme was effective in reducing the volatility of spot prices, but the 

average spot price that was passed through to tariffs reflected, after 2005, the impact of 

substantial increases in fuel prices on the operating cost of thermal generation, which 

represented about 44 percent of total generation in 2006 (progressively increasing to      
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50 percent in 2008). Finally, in 2006 the government decided to subsidize any increase in 

generation costs above 91.1 US$/MWh and reached an agreement with the distribution 

companies to pay the difference between real generation costs and the reference price, 

accumulated during a six-month period, in six installments during the following six 

months, creating a subsidy that was assumed by CEL.  

This situation encouraged the participation of distribution companies in the spot market 

(MRS or ―Mercado Regulador del Sistema‖), in which the purchased volumes increased 

from 43 percent of total requirements in 2007 to 60 percent in 2008. 

WHOLESALE ELECTRICITY MARKET STRUCTURE 

   2007        2008 

 

Source: SIGET. 

The graph below shows the evolution of the pay-as-bid MRS prices and the regulated 

generation costs applied to tariffs. During the first half of 2008, the average pay-as-bid 

MRS price was US$124.6/MWh (the average marginal cost was around 

US$181.5/MWh). This represented about a 35 percent increase in the average MRS price 

of US$92.6/MWh in 2007 (the average marginal cost was around US$127.8/MWh). The 

graph also shows the increase by mid-2008 of the US$91.1/MWh wholesale regulated 

price to US$111.5/MWh for medium- and large-demand consumers to reduce CEL’s 

subsidies to a more moderate level. 

 

   Source: Graph prepared with SIGET statistics. 

The graph below shows the evolution of government compensations due to the regulated 

generation price for MRS purchases. This compensation reached some US$80 million by 
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mid-2008, causing a financial burden that could not be covered with CEL’s resources and 

making it necessary to increase the regulated generation prices for medium- and       

large-demand consumers at the levels shown in the graph above. 

 

 

    Source: Graph prepared with SIGET statistics. 

The combination of the pay-as-bid scheme and the tariff subsidy was effective in 

mitigating the impact of fuel prices on average retail tariffs (the average tariff increased 

by only 19 percent in 2005–2007 while marginal costs increased by 62 percent). 

Moreover, despite the MRS price increase during 2008, average prices for final 

consumers during the first half of 2008 (US$132.7/MWh) were 5.2 percent lower than 

during same period in 2007 (US$140/MWh). The table below shows average prices by 

tariff categories. 

 

AVERAGE PRICES TO FINAL CONSUMERS (without subsidies) 

January–June 2008/Values in US$/kWh 

 

            Source: SIGET. 
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4.5.3 Electricity losses 

The following table illustrates how the Discos’ electricity distribution losses increased 

from 10.8 percent of total electricity purchases in 2007 to 11.9 percent in the first half of 

2008; these values were lower than the 12 percent allowed to be passed through to retail 

tariff estimates by the regulation.
52

 

 

LOSS ESTIMATES 

 

      Source: Consultant estimates based on SIGET statistics. 

 

Taking into account that in El Salvador average electricity losses are on the order of the 

12 percent allowed by the regulation, the generation cost recovered through the average 

retail tariff could be estimated as follows (providing that granted subsidies are funded by 

specific sources). 

 

         Source: Consultant estimates based on SIGET statistics. 

 

                                                 
52

 However, if third-party electricity retirements are considered as non-billed energy, this percentage would 

be 14.3 percent in the first half of 2008. 

 

2007 Sem I/2008

Total electricity purchases GWH 5,053 2,635

Sales to final users GWH 4,415 2,258

Third party retirements GWH 93 64

Losses GWH 546 314

% 10.8% 11.9%

Losses + Third party retirements GWH 639 378

% 12.6% 14.3%

AVERAGE PRICES (USD/MWH)

1st Sem/2008 Beginning 2009

Average generation cost included in tariffs 91.1 101.7

Regulated losses (12%) 10.9 12.2

Transmission, Distribution & Com. Costs 30.7 30.7

Total average Tariff 132.7 144.6

COST TARIFF Jan/09

CATEGORY USD/MWH USD/MWH

 (Real)

Average generation cost included in tariffs 111.0 92.1

Regulated losses (12% losses) 12.2 12.2

Transmission & Distribution costs 61.8 61.8

Additional losses (17%) 18.9

Final Average tariff 185.0 185.0
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4.5.4 Illustrative forecasts 

Forecasts obtained for the electricity market in El Salvador are presented below. 

 

EL SALVADOR: ELECTRICITY MARKET FORECASTS 

 

 

 Source: Based on simulations of the SDDP Model, 2008. 

 

The main finding related to the financial sustainability of the Salvadoran electricity 

market is directly related to the financial performance of CEL and the Discos, which 

could be affected by the low generation cost established by the government 

(US$91.1/MWh, increased to US$111.1/MWh by mid-2008 for medium- and           

large-demand consumers) for the calculation of tariffs, which in 2008 was considerably 

lower than the economic cost of electricity in the market. This factor led to a serious 

deficit that CEL could not cover with its hydroelectric economic rent in 2008. However, 

it is expected that during 2009–2012, the deficit could be covered from CEL’s resources, 

thereby avoiding the injection of additional resources from the government. 

Under a scenario with WTI prices of around US$55/B and US$75/B, the current 

generation cost recovered from the average retail tariff would be sufficient to cover the 

short-run marginal costs and capacity component estimated for El Salvador power system 

after 2011, showing an outlook of financial sustainability, but this must be checked 

considering prices paid by the Discos for contracted power purchases that represent 

around 40 percent of the market (and with increasing prospects in the future). 

2008 2009 2010 2011 2012

DEMAND (GWH) 5,839       6,092       6,353       6,626         

HYDRO GEN. (GWH)

    Existing 1,877       1,877       1,877       1,877         

    New 411          879          768            

THERMAL & OTHERS GEN. (GWH) 3,282       3,318       5,097       5,112         

NET EXPORTS (GWH) (680)        (486)        1,500       1,131         

CEL's Generation (GWh) 1,800        1,800       1,800       1,800       1,800         

CEL's Economic Rent (US$M) 1/ 115            128          128          128          128            

AVG. SHORT RUN MARGINAL COST & CAPACITY COMPONENT (US$/MWh) 2/

Reference Case (WTI: $ 55/B) 180 72 64 52 53

Sensitivity (WTI: $ 75/B) 180 72 85 68 70

GEN. COST IN AVG. TARIFF ($/MWH) 3/ 91 102 102 102 102

1/ Estimated with 70% of Reference Wholesale Price

2/ Obtained from SDDP simulations including US$ 10/MWh as capacity component

3/ Assumed stable after January 2009
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4.6 Guatemala 

4.6.1 Electricity tariffs  

Electricity prices in Guatemala are regulated by CNEE (Comisión Nacional de Energía 

Eléctrica) based on a pass-through of generation, transmission (value-added from 

transmission) and distribution (value-added from distribution) costs. Generation costs are 

determined by a combination of the energy and capacity costs of long-term energy supply 

contracts and the cost of purchases in the spot market. The value-added from 

transmission is applied on a nodal basis and revised every two years. The value-added 

from distribution is revised every five years. 

Electricity prices for large consumers (about 30 percent of total demand) are not 

regulated and reflect energy price variations in the wholesale power market. Electricity 

prices for residential consumers respond to other factors such as electricity subsidies and 

market distortions. The table below summarizes market operations in 2008. 

 

GUATEMALA: WHOLESALE ELECTRICITY MARKET OPERATIONS (2008) 

 

 

 

A social tariff for urban areas is applied today to residential consumption under           

300 kWh/month (see Annex 4.5.1), which results in 22 percent of total market demand 

receiving a direct subsidy, covered by the hydroelectric rent obtained by INDE (the 

National Electrification Institute). 

The average social tariff in 2008 was around US$170/MWh, while the nonsocial average 

tariff reached US$208/MWh (see Annexes 4.5.2 and 4.5.3), implying a difference of 

about US$38/MWh (average value in 2008) as the average subsidy in the social tariff and 

representing around US$62 million of INDE’s contributions. 

 

GWH %

Total national production 7,917 100%

Total Imports 5
S.N.I. Losses (314) 4.0%

Total S.N.I. consumption 7,608

Exports included (76)

Total national S.N.I. consumption 7,532 100%

Large consumers 2,245 30%

Disco´s - Non subsidiezed consumption 3,147 42%

Disco´s - Social tariff consumption 1,631 22%

Small Disco´s 509 7%

S.N.I: Sistema nacional Interconectado

Source: Consultant estimates based on ―Informe Estadístico Preliminar 2008,‖ AMM 



 

160 

 

  

 

Source: Consultant estimates based on EEGSA, DEORSA and DEOCSA, 2008 & 2009. 

Total average generation cost included in retail tariffs is estimated at US$139.5/MWh in 

2008 and US$129.1/MWh in 2009. 

 

4.6.2 Generation costs 

The graph below illustrates the effectiveness of the wholesale electricity market in 

transferring the historical variation of the price of fuels used for power generation. It 

suggests that marginal costs that set the Guatemalan spot price have been adequately 

driven by the price of the liquid fuels (tied to WTI prices) used for power generation. 

 

 
       Source: Graph prepared with AMM and EIA statistics. 

                                               CONSUMPTION (GWH) & TARIFF COMPONENTS IN 2008 (US$/MWH)
 

CONSUMPTION TOTALS GENERATION SUBSIDY LOSSES TRANSMISSION DISTRIBUTION

(GWH) (US$/MWH) (US$/MWH) (US$/MWH) (US$/MWH) (US$/MWH) (US$/MWH)

Disco´s - Non subsidiezed consumption 3,147 207.6 139.5 15.2 3.3 49.5

Disco´s - Social tariff consumption 1,631 170.4 139.5 (38.0) 15.2 3.3 49.5

Small Disco´s 509 207.6 139.5  15.2 3.3 49.5

 

Average 1/ 5,288 195.9 139.5 (11.7) 15.2 3.3 49.5
 

1/  Subsidy ponderated by consumption  

                                               CONSUMPTION (GWH) & TARIFF COMPONENTS IN 2009 (US$/MWH)
 

CONSUMPTION 2/ TOTALS GENERATION SUBSIDY LOSSES TRANSMISSION DISTRIBUTION

(GWH) (US$/MWH) (US$/MWH) (US$/MWH) (US$/MWH) (US$/MWH) (US$/MWH)

Disco´s - Non subsidiezed consumption 3,368 193.2 129.1 14.4 3.0 46.7

Disco´s - Social tariff consumption 1,745 173.6 129.1 (19.6) 14.4 3.0 46.7

Small Disco´s 545 193.2 129.1  14.4 3.0 46.7

 

Average 1/ 5,658 187.2 129.1 (6.0) 14.4 3.0 46.7
 

1/  Subsidy ponderated by consumption

2/ Estimated from 2008 consumption with 7% increase
GWH %

Total national production 7,917 100%

Total Imports 5

Total S.N.I. consumption 7,608

Exports included (76)

Total national S.N.I. consumption 7,532 100%

Large consumers 2,245 30%

Disco´s - Non subsidiezed consumption 3,147 42%

Disco´s - Social tariff consumption 1,631 22%

Small Disco´s 509 7%

S.N.I: Sistema nacional Interconectado
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The following graph shows how the market reacted in December 2008 to the decline in 

international fuel prices, driving spot prices to around US$80/MWh by December/2008. 

 

 
          Source: Graph prepared with AMM statistics. 

4.6.3 Electricity losses 

In 2008, power purchases of the distribution and commercialization companies were 

about 90 percent in contracts and 10 percent in the spot market, meaning that energy 

losses assumed by these companies would have a financial impact approximately related 

to the pool price (US$120/MWh) plus capacity costs for technical losses, and with the 

average selling price (US$208/MWh) for nontechnical losses. Total financial losses 

estimated for the main distribution companies were around US$35 million, considering 

that regulated, permitted distribution losses range from 5.6 to 13.6 percent, lower than 

real losses ranging from 9.5 to 17.6 percent. Average real distribution losses are            

2.9 percent of total purchases higher than permitted losses. 

 

FINANCIAL IMPACT OF DISTRIBUTION LOSSES IN 2008 

 
 Source: Consultant estimations base don EEGSA, DEORSA and DEOCSA, 2008. 

 

Additional losses costs not included in the tariffs imply that the effective generation cost 

recovered through the average retail tariff was reduced from US$137.2/MWh to 

US$133.2/MWh in 2008 (and to US$129.1/MWh in 2009), as presented below. 

0

20

40

60

80

100

120

140

160

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Guatemala: Spot Price in 2008 
(US$/MWh)

PURCHASES SALES           REAL LOSSES       PERMITTED LOSSES US$M   
COMPANY GWH GWH GWH % GWH % LOSS 1/ 
EEGSA 4,145 3,786 359 9.5% 226 5.6% 27.6 
DEOCSA 1,080 911 169 18.5% 143 13.6% 5.4 
DEORSA 518 441 78 17.6% 68 13.3% 2.1 
TOTAL 5,743 5,138 605   437 35.0 

  
1/ Estimated with US$208/MWh average selling price in 2008 (nonsocial tariff) 
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           Source: Consultant estimations base don EEGSA, DEORSA and DEOCSA, 2008. 

 

4.6.4 Illustrative forecasts  

Forecasts obtained for the electricity market in Guatemala are presented below. 

 

GUATEMALA: ELECTRICTY MARKET FORECASTS 

 

      Source: Based on simulations of the SDDP Model, 2008. 

 

 Tariff 2008 Equivalent

Average generation cost included in tariffs 137.2 133.2

Cost of losses 13.9 13.9

Transmission charges 3.3 3.3

Distribution charges 45.1 45.1

Additional losses (2.9%) 4.0

Total 199.5 199.5

COST TARIFF Jan/09

CATEGORY USD/MWH USD/MWH

 (Real)

Average generation cost included in tariffs 111.0 92.1

Regulated losses (12% losses) 12.2 12.2

Transmission & Distribution costs 61.8 61.8

Additional losses (17%) 18.9

Final Average tariff 185.0 185.0

DEMAND (GWH) 2008 2009 2010 2011 2012

HYDRO GEN. (GWH) 8,896 9,192 9,749 10,311

Existing 3,201 3,201 3,201 3,201

New (204) 280 285

THERMAL & OTHERS GEN. (GWH) 7,062 9,890 8,093 8,560

NET EXPORTS (GWH) 1,367 3,694 1,824 1,735

INDE's Generation (GWh) 2,785 2,785 2,785 2,785 2,785

INDE's Economic Rent (US$M) 1/ 272 252 252 252 252

Subsidized consumption (GWh) 1,631 1,806 1,866 1,979 2,093

Total subsidy (US$M) 62 35 37 39 41

AVG. SHORT RUN MARGINAL COST & CAPACITY COMPONENT (US$/MWh) 2/

Reference Case (WTI: $55/B) 180 63 56 52 53

Sensitivity (WTI: $75/B) 180 63 77 67 69

MEXICO CONTRACTED PURCHASES (USD/MWh) 3/ 89 82 82 82

GEN. COST IN AVG. TARIFF ($/MWH) 4/ 140 129 129 129

1/Estimated with 70% of Reference Wholesale Price

2/ Obtained from SDDP simulations including US$10/MWh as capacity component

3/ CFE and INDE contract (includes capacity charge of US$4/kW-m, assumes 60% load factor)

4/ Assumed stable after January 2010
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The main findings related to the financial sustainability of the Guatemalan power sector 

are directly related to the financial performance of INDE and the Discos, taking into 

consideration two main issues: a) the explicit subsidy covered with INDE’s resources to 

maintain the social tariff, which is considerably lower than its hydroelectric rent during 

2008–2012, and b) the costs assumed by the Discos due to relatively high electricity 

losses. Under scenarios with WTI prices of around US$55/B and US$75/B, the current 

generation cost recovered from the average retail tariff (without subsidies funded by 

INDE) would be sufficient to cover the short-run marginal costs and capacity component 

estimated for Guatemala or the average price of the recent CEFE-INDE electricity 

purchase contract from Mexico, showing an outlook of financial sustainability. However, 

this should be checked in light of the prices of existing contracts. 

4.7 Panama 

4.7.1 Electricity tariffs  

Electricity prices in Panama are regulated by ASEP (National Public Services Authority) 

based on a pass-through of generation, transmission (value-added from transmission) and 

distribution (value-added from distribution) costs. Generation costs are determined by a 

combination of the energy and capacity costs of long-term energy supply contracts and 

the cost of purchases in the spot market. Allowed revenue for transmission and 

distribution activities is revised every four years based on efficient costs. Annex 4.7.1 

contains average retail tariffs by type of consumer for each distribution company 

(Edemet, Elektra and Edechi) and the subsequent table summarizes historical average 

tariffs, as estimated from total revenues divided by sold energy. 

 

PANAMA: AVERAGE RETAIL TARIFFS (US$/MWH – WITHOUT SUBSIDIES) 

 

       Source: Consultant estimate based on ASEP statistics. 

 

The following graph shows the historical evolution of the annual average retail tariff in 

Panama (without subsidies): 

2008 2009

SEMESTER I SEMESTER II SEM I (ESTIMATED)

EDEMET 192.3 231.5 229.2

ELEKTRA 208.0 247.4 235.2

EDECHI 136.1 154.3 168.7

AVERAGE 177.8 212.9 226.9
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         Source: ASEP. 

4.7.2 Subsidies 

The pass-through of generation costs to tariffs worked well until early 2004, when the 

government, concerned about the impact of increasing fuel prices on electricity tariffs, 

established a Tariff Stabilization Fund that in practice has worked as a tariff subsidy. 

Every six months, the government reviews the tariff increase calculated by the regulator 

to cover costs, determines the amount of the subsidy and the tariff categories that receive 

the subsidy and provides resources to ETESA, the transmission company. ETESA pays 

the subsidy to each of the distribution companies; this is explicit in the electricity bill. 

The total amount of the subsidy reached US$73 million in 2008 and benefited residential 

consumers, with a monthly consumption below 500 kWh and with a discount of up to     

41 percent, as indicated in Annex 5.7.2 for each of the three Panamanian distribution 

companies (Edemet, Elektra and Edechi). 

In addition, there are tariff discounts for vulnerable populations (the elderly and 

pensioners), agricultural activities and offices of political parties, which amounted to 

US$13 million in 2007, and a cross-subsidy to a lifeline tariff (up to 20 percent discount) 

paid by a maximum surcharge of 0.6 percent on consumption above 500 kWh/month 

(Law 15, 2001), as indicated in Annex 4.7.2. 

4.7.3 Generation costs 

The following graphs illustrate the monthly variations in average monthly spot prices in 

Panama and the significant increase in thermal generation after 2001. The graphs suggest 

a high correlation of spot prices with liquid fuel prices (using WTI oil price as a proxy) 

used for thermal power generation. The average spot price was US$228/MWh in 2008. 
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 Source: ARESEP, ETESA and consultant processing. 

 

4.7.4 Electricity losses 

In 2008 transmission losses were 2.47 percent, as indicated in Annex 4.7.3. Total energy 

received by the distribution companies was 5,964 GWh and total energy sold was      

5,203 GWh, implying 760 GWh or 12.7 percent in distribution losses, 2.5 percent higher 

than distribution losses in 2007, as presented in Annex 4.6.4. In 2008, financial losses 

due to additional electricity losses were about US$53 million (valued at the average 

selling price under the assumption that the additional losses are nontechnical). 

 

PANAMA: FINANCIAL IMPACT OF DISTRIBUTION LOSSES (2008) 

 

 Source: Consultant estimate based on ASEP statistics. 

 

Additional losses costs not included in the tariffs imply that the effective generation cost 

recovered through the average retail tariff was reduced from the regulated values 

included in retail tariffs to the values presented below. 

 

PURCHASES SALES               REAL LOSSES           PERMITTED LOSSES US$M  

COMPANY GWH GWH GWH % GWH % LOSS 1/

EDEMET 3,003 2,647 356 11.8% 250 8.3% 21.5

ELEKTRA 2,502 2,136 366 14.6% 210 8.4% 31.8

EDECHI 459 420 39 8.5% 42 9.2% -0.7

TOTAL 5,964 5,203 760 12.7% 503 8.4% 52.6

1/ Estimated with US$ 204/MWh average selling price in 2008    
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RECOVERED AVERAGE GENERATION PRICE FROM RETAIL TARIFFS 

 

 

 

 

4.7.5 Illustrative forecasts 

Forecasts obtained for the electricity market in Panama are presented below. 

PANAMA: ELECTRICTY SECTOR FORECASTS 

 

 Source: Based on simulations of the SDDP Model, 2008. 

 

2008 - SEMESTER I ($/MWH)

COMPANY Avg. Price Distr. VAD Distr. Losses Trans. Charge Trans. Losses Gen. Price

EDEMET 192.3 39.4 15.6 2.4 3.3 131.7

ELEKTRA 208.0 44.0 20.1 2.7 3.4 137.7

EDECHI 136.1 58.2 6.1 (1.4) 1.8 71.4

AVERAGE 177.8 129.4

2008 - SEMESTER II ($/MWH)

COMPANY Avg. Price Distr. VAD Distr. Losses Trans. Charge Trans. Losses Gen. Price

EDEMET 231.5 39.4 19.6 2.4 4.1 165.9

ELEKTRA 247.4 44.0 25.0 2.7 4.2 171.3

EDECHI 154.3 58.2 7.5 (1.4) 2.2 87.8

AVERAGE 212.9 162.0

2009 - ESTIMATION FOR SEMESTER I ($/MWH)

COMPANY Avg. Price Distr. VAD Distr. Losses Trans. Charge Trans. Losses Gen. Price

EDEMET 229.2 39.4 19.4 2.4 4.0 163.9

ELEKTRA 235.2 44.0 23.5 2.7 4.0 161.0

EDECHI 168.7 58.2 8.6 (1.4) 2.5 100.8

AVERAGE 226.9 157.7

2008 2009 2010 2011 2012

DEMAND (GWH) 7,343       7,730       8,202       8,671       

HYDRO GEN. (GWH)

    Existing 3,682       3,682       3,682       3,682       

    New 81             1,897       3,009       

THERMAL & OTHERS GEN. (GWH) 3,914       4,035       1,947       1,800       

NET EXPORTS (GWH) 253          67             (676)        (180)        

AVG. SHORT RUN MARGINAL COST & CAPACITY COMPONENT (US$/MWh) 1/

Reference Case (WTI: $ 55/B) 228 128 91 66 62

Sensitivity (WTI: $ 75/B) 228 128 119 89 84

CONTRACTED PURCHASES (USD/MWh) 2/    101

GEN. COST IN AVG. TARIFF ($/MWH) 3/ 146 158 158 158 158

1/ Obtained from SDDP simulations including US$ 10/MWh as capacity component

2/ Result of EDEMET 01-08 tender process to purchase 350 MW

3/ Assumed stable after January 2009

Source: Consultant estimates (distr. VAD from ASEP study of Maximum Revenue for Discos 

during 2006–2010 and trans. charges estimated from transmission charges for the Discos). 
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The main findings related to the financial sustainability of Panama’s power market are 

related to: a) the government’s budgetary allocation transferred to ETESA to maintain the 

explicit subsidies for residential users; and b) the costs assumed by the Discos due to 

electricity losses that are higher than allowed losses. Under scenarios with WTI prices of 

around US$55/B and US$75/B, the current generation cost recovered from the       

average retail tariff (without government-funded subsidies) would be sufficient to cover 

the short-run marginal costs and capacity component estimated for Panama or the average 

price of the recent electricity purchase contract prices obtained from public tenders, 

showing an outlook of financial sustainability. 

4.8 Guatemala 

4.8.1 Guatemala: Social Tariffs 

 

Source: CNEE. 
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4.8.2 Guatemala: Regulated Tariffs in 2008 

 

 

 

 

          Source: CNEE. 
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Source: ENEE 
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4.8.3 Guatemala: Average Tariffs in 2008 

 

 

 Source: ENEE and consultant estimates. 

 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

DEOCSA SOCIAL TARIFF 46.28 43.34 46 43.85 44.87 42.88 44.37 44.55 44.55 47.13 44.57 48.65 541.01

DEOCSA NON SOCIAL TARIFF 54.07 52 55.43 53.73 54.54 50.49 52.76 54.82 52.8 53.03 52.25 55.7 641.63

DEOCSA SOCIAL TARIFF 27.12 25.66 27.77 25.88 26.17 24.38 26.35 27.27 26.2 27.1 26.57 28.25 318.72

DEOCSA NON SOCIAL TARIFF 37.92 37.86 40.65 39.8 41.7 36.94 37.02 38.35 37.64 37.28 35.32 39.09 459.56

EEGSA SOCIAL TARIFF 66.41 62.1 66.38 64.24 64.27 61.73 65.28 64.68 63.54 65.34 62.88 64.65 771.48

EEGSA NON SOCIAL TARIFF 166.38 163.92 167.59 170.61 177.06 165.77 172.41 173.65 170.18 175.16 167 176.54 2,046.27

623.82 617.36 639.38 654.96 674.58 624.86 644.82 644.71 634.04 642.78 600.61 606.29 7,608.21

 

TOTAL (Q/Kwh)

DEOCSA 1.60 1.64 1.64 1.64 1.86 1.86 1.86 1.80 1.80 1.80 1.63 1.63

DEOCSA SOCIAL 1.25 1.25 1.25 1.25 1.37 1.37 1.37 1.30 1.30 1.30 1.29 1.29

DEORSA 1.59 1.66 1.66 1.66 1.96 1.96 1.96 1.89 1.89 1.89 1.86 1.86

DEORSA SOCIAL 1.23 1.20 1.20 1.20 1.39 1.39 1.39 1.27 1.27 1.27 1.26 1.26

EEGSA 1.43 1.44 1.44 1.44 1.64 1.64 1.64 1.28 1.28 1.28 1.55 1.55

EEGSA SOCIAL 1.26 1.27 1.27 1.27 1.37 1.37 1.37 1.26 1.26 1.26 1.26 1.26

TC $/Q 7.8 7.75 7.68 7.57 7.45 7.5 7.45 7.42 7.45 7.55 7.65 7.7

TOTAL ($/MWh)

DEOCSA 206 212 214 217 249 248 249 242 241 238 214 212

DEOCSA SOCIAL 160 162 163 166 185 183 185 176 175 173 169 168

DEORSA 204 215 217 220 263 261 263 255 254 251 243 241

DEORSA SOCIAL 158 155 156 159 186 185 186 171 171 168 165 164

EEGSA 183 186 187 190 220 219 220 173 172 170 203 201

EEGSA SOCIAL 162 164 165 167 183 182 183 170 169 167 165 163

NON SUBSIDIEZED  MARKET

DEOCSA 11124 11028 11863 11666 13606 12512 13162 13289 12748 12634 11160 11819 146612

DEORSA 7749 8129 8808 8749 10970 9653 9739 9782 9562 9345 8567 9420 110474

EEGSA 30474 30415 31379 32409 38984 36255 37960 29994 29277 29734 33832 35533 396246

SUBTOTAL $ 49347 49572 52050 52824 63561 58420 60862 53065 51586 51713 53559 56772 653332

SUBTOTAL GWH 258 254 264 264 273 253 262 267 261 265 255 271 3147

$/MWH NON SUBSIDIED 191 195 197 200 233 231 232 199 198 195 210 209 208

SUBSIDED MARKET  

DEOCSA 7397 7018 7517 7269 8281 7861 8189 7833 7802 8144 7539 8176 93028

DEORSA 4284 3975 4341 4105 4881 4516 4914 4670 4469 4561 4382 4629 53727

EEGSA 10747 10156 10954 10755 11783 11242 11969 10975 10738 10896 10347 10569 131134

SUBTOTAL $ 22428 21149 22812 22129 24945 23620 25071 23479 23009 23602 22268 23374 277888

SUBTOTAL GWH 140 131 140 134 135 129 136 137 134 140 134 142 1631

$/MWH SUBSIDIED 160 161 163 165 184 183 184 172 171 169 166 165 170

% 84% 83% 82% 83% 79% 79% 79% 86% 87% 87% 79% 79% 82%

DIFFERENCE US$/MWH 38

% 18%
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4.8.4 Guatemala: Estimated Tariff Components 

Source: ENEE and consultant estimates for the aggregates. 

 

4.8.5 Guatemala: Estimated Marginal Cost of Demand 

 

            Source: Plan Expansión Indicativo del Sistema de Generación, 2008–2022 (Avg. Scenario). 

  

TOTAL G P T D

DEOCSA 100.00% 57.80% 10.86% 3.73% 27.61%

DEORSA 100.00% 62.05% 11.46% 2.89% 23.60%

EEGSA 100.00% 71.34% 6.94% 4.56% 17.16%

DEOCSA SOCIAL 100.00% 55.62% 9.86% 0.26% 34.26%

DEORSA SOCIAL 100.00% 57.98% 10.37% 0.78% 30.87%

EEGSA SOCIAL 100.01% 74.09% 5.56% 2.33% 18.03%

NO SOCIAL (%) 100% 67% 7% 2% 24%

NO SOCIAL ($/MWH) 208 140 15 3 49

 

SOCIAL (%) 100% 65% 8% 1% 26%

SOCIAL ($/MWH) 170 110 14 2 44
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4.9  Panama 

4.9.1 Average Retail Tariffs for Final Consumers (2008) 

TOTAL ENERGY SOLD (2008): 5,203.4 GWh 

TOTAL SALES (2008): 1,061.1 US$ million 

   AVERAGE SALES PRICE: 203.9 US$/MWh 

 

TOTAL REVENUES (REGULATED CONSUMERS) IN 2008 (US$) 

 

 Source: ASEP. 

 

AVERAGE PRICES FOR REGULATED CONSUMERS IN 2008 (US$/MWh) 

 

 Source: ASEP. 

 

4.9.2 Panama: Electricity Subsidies 

A. TARIFF DISCOUNTS IN 2008 

 

 Source: ASEP. 

 

 

 1ST SEM 2008 2ND SEM 2008

EDEMET ELEKTRA EDECHI EDEMET ELEKTRA EDECHI

BTS 0-100 kWh -25.3% -35.8% -15.7% -26.0% -40.0% -16.9%

BTS 101-200 kWh -28.9% -36.2% -14.3% -21.1% -40.6% -16.1%

BTS 201-300 kWh -19.0% -24.5% -7.4% -16.9% -30.5% -9.6%

BTS 301-500 kWh -19.1% -24.5% -7.5% -20.7% -30.6% -9.5%
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B. CROSS SUBSIDY SCHEME (2008 and 2009) 

 

 

       Source: ASEP. 

 

4.9.3 Transmission Losses (2008) 

 

Source: ASEP. 
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4.9.4 Distribution Losses (2007 & 2008) 

 

2007 

 

Source: ASEP. 

 

2008 

 

Source: ASEP. 
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Annex 5: Renewable Energy Information 

 

5.1 Projects included by each country:  

According to the six power expansion plans, 144 power plants are listed as possible to be 

developed in Central America between 2008 and 2022. This list includes different 

available technologies such as thermal (natural gas, coal, hydrocarbons), wind, 

geothermal and hydro. 

Panama: 25 projects 

 14 thermal plants ranked from 34 MW (Pana Tower) to 250 MW (compressed 

gas, without identification) 

 11 hydro plants ranked from 10 MW (Sindigo) to 223 MW (Changuinola)  

Costa Rica: 34 projects 

 5 biomass ranked from 5 MW (Taboga) to 8 MW (Catsa) 

 11 thermal plants ranked from 24 MW (Pujol) to 200 MW (Garabito) 

 4 wind plants, each one 50 MW (without identification) 

 2 geothermal ranked from 35 MW (Pailas) to 70 MW (without identification) 

 12 hydro plants ranked from 8 MW (El Encanto) to 622 MW (Diquis) 

Nicaragua: 10 projects 

 2 geothermal plants, 30 MW each (El Hoyo 1 and 2) 

 8 hydro plants ranked from 24 MW (Pantasma) to 350 MW (Copalar) 

Honduras: 24 projects 

 1 wind project, 60 MW (without identification) 

 8 thermal projects ranked from 100 MW coal to 300 MW diesel (without 

identification) 

 6 hydro plants ranked from 19 MW (Tablon) to 270 MW (Patuca 2) 

 9 projects ranked from 2 MW to 160 MW (without a specific technology) 

El Salvador: 9 projects 

 5 geothermal projects ranked from 10 MW (Berlin) to 54 MW (Chinameca) 

 4 hydro projects ranked from 24 MW (15 de Septiembre) to 261 MW (El 

Cimarrón) 

Guatemala: 42 projects (candidates) 

 13 thermal projects ranked from 32 MW (Zapaca-diesel) to 600 MW (without 

specification) 

 28 hydro projects ranked from 10 MW (Izabal) to 800 MW (Usumacinta 1, 2, 

3, 4) 

 1 geothermal project, 44 MW (Geo-I) 
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5.2 Suggested Parameters for Conducting a Technical Analysis: 

 Dam type 

 Dam height (m) 

 Reservoir useable volume (hm
3
) 

 Reservoir total volume (hm
3
) 

 Estimated cost ($) 

 Unit cost ($/kW) 

 Internal Rate of Return (IRR) 

 Hydrological base (years) 

 Size of underground structures (m) 

 Tunnel length (m) 

 Tunnel diameter (m) 

 Reconnaissance study 

 Prefeasibility study 

 Feasibility study (when available) 

Useful references: 

―Worth of Hydrological Data in Water Resources Projects.‖ E. Salas and G. A. Schultz 

(1989) 

―The Pennsylvania Code–Classification of Dams and Reservoirs.‖ 

―Guidelines for Planning and Designing Hydroelectric Developments, ASCE (1989) 

 

5.3 Suggested Parameters for Conducting an Environmental Analysis: 

 Basin area (km
2
) 

 Average natural flow (m
3
/s) 

 Gross head (m) 

 Design flow (m
3
/s) 

 Ecological flow (m
3
/s) 

 Design flood (m
3
/s) 

 Dam crest elevation (masl) 

 Type of penstock 

 Type of powerhouse 

 T/L length (km) 

 Reservoir surface area (ha) 

 Reservoir surface area per MW (ha/MW) 

 Water retention time (days) 

 Biomass flooded (tons/ha) 

 Length of river impounded (km) 

 Length of river left dry (km) 

 Downstream tributaries (major, undammed) 

 Inter-basin transfers (#) 
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 Likelihood of reservoir stratification (F) 

 Useful reservoir life (years) 

 Access road length (km) 

 Access roads through forest (km) 

 Critical natural habitats affected (#) 

 Fish species diversity and endemism (#) 

Useful References 

―Good Dams Bad Dams,‖ G. Ledec and J. D. Quintero (2003), World Bank. 

―CDM Methodology ACM0002: Grid-connected electricity generation from renewable 

resources.‖ UNFCCC. 

 

5.4 Suggested Parameters for Conducting a Social Analysis: 

A fourth and final very important aspect of evaluating medium- and large-scale 

renewable projects is the social aspect of the project. The list below is not exhaustive, but 

it includes a subset of some important pieces of data necessary to conduct a social 

analysis. Again, the weight of each variable is subject to discretion based on the 

particular situation and context. 

 

 Persons affected by project (#) 

 People requiring resettlement (#) 

 Land surface area affected (km
2
) 

 Effect on local water supply 

 Total number of people displaced (#) 

 Number of people displaced per MW (#/MW) 

 Land ownership patterns 

 Changes in land use anticipated 

 Changes in social service provisions anticipated 

 Magnitude of impact on livelihoods 

 Cultural property affected (# and type) 

 

Useful References: 

 

Correa, Elena. Impactos socio-económicos de grandes proyectos: Evaluación y manejo 

(Colección Medioambiente y Energía,) Spanish Edition. Fondo FEN Colombia; 1
a 

edición (1999). 
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Annex 6: SDDP Model Description & Basis Used for Central American Market 

Simulations 

 

6.1 SDDP model summarized description 

SDDP is a hydrothermal dispatch model with representation of the transmission network 

used for short-, medium- and long-term operation studies. It uses the stochastic dual 

dynamic programming developed by PSR to estimate the future opportunity cost function 

of stored water in hydroelectric power plants. Because of this feature, it is not necessary 

to enumerate the combinations of reservoir levels; this allows the determination of the 

stochastic optimal solution for systems with a large number of hydro plants, such as the 

Central American interconnected power systems. 

The model calculates the least-cost stochastic operating policy of a hydrothermal system, 

taking into account the following aspects: a) operational details of hydro plants (water 

balance, limits on storage and turbine outflow, spillage, filtration, etc.); b) detailed 

thermal plant modeling (unit commitment, ―take or pay‖ fuel contracts, concave and 

convex efficiency curves, fuel consumption constraints, multiple fuels, etc.);                   

c) representation of spot markets and supply contracts; d) hydrological uncertainty: it is 

possible to use stochastic inflow models that represent the system’s hydrological 

characteristics (seasonality, time and space dependence, severe droughts, etc.) and the 

effect of specific climate phenomena such as El Niño; e) detailed transmission network: 

Kirchhoff laws, limits on power flows in each circuit, losses, security constraints, export 

and import limits for electrical areas, etc; and f) load variation per load level and per bus, 

with monthly or weekly stages (medium- or long-term studies) or hourly levels       

(short-term studies). 

Besides the least-cost operating policy, the SDDP model calculates several economic 

indexes and operational results, including: a) operational statistics: hydro and thermal 

generation, thermal operation costs, energy interchange, fuel consumption, deficit risks 

and energy not supplied; b) short-run marginal costs (spot prices) for each interconnected 

market; and c) marginal capacity benefits (i.e., measure of the operational benefit of 

reinforcing the installed capacity of a thermal plant, the turbine limit of a hydro plant or 

the storage capacity of a reservoir). All detailed results of the SDDP model are written to 

*.csv format files. These files are managed by a graphic interface (the GRAF program) 

which produces Excel files with the desired results. 

6.2 Main data used 

The main data used in the simulations were obtained from XM Company and are 

included in “Documento de Supuestos para los Análisis Energéticos de Febrero 2009. 

Gerencia Centro Nacional de Despacho. Dirección Planeación de la Operación. Febrero 

10 de 2009. XM. Colombia (www.xm.com.co).” 

 

http://www.xm.com.co)/
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6.2.1 Demand forecasts 

The following table summarizes the demand forecasts used in the simulations. 

CENTRAL AMERICAN COUNTRIES: POWER DEMAND FORECASTS 

 

 

      Source: XM (ETESA, October 2008. Mean scenario). 

 

6.2.2 Generation expansion programs 

Generation expansion programs used for each country are presented below. 

Año TWh/año % TWh/año % TWh/año %

2008 6.6951 9.5621 6.7467

2009 7.3421 9.7 10.0430 5.0 7.1626 6.2

2010 7.7289 5.3 10.5559 5.1 7.5355 5.2

2011 8.2007 6.1 11.0828 5.0 7.9375 5.3

2012 8.6697 5.7 11.6357 5.0 8.3335 5.0

2013 9.1397 5.4 12.2186 5.0 8.7895 5.5

2014 9.6117 5.2 12.8345 5.0 9.2574 5.3

2015 10.0917 5.0 13.4843 5.1 9.7373 5.2

2016 10.6007 5.0 14.1762 5.1 10.2303 5.1

2017 11.1368 5.1 14.9091 5.2 10.7332 4.9

2018 11.6998 5.1 15.6819 5.2 11.2482 4.8

2019 12.2888 5.0 16.4998 5.2 11.7751 4.7

PANAMA COSTA RICA HONDURAS

Año TWh/año % TWh/año % TWh/año %

2008 3.1776 5.5991 8.3558

2009 3.3496 5.4 5.8401 4.3 8.8978 6.5

2010 3.5226 5.2 6.0911 4.3 9.1926 3.3

2011 3.6795 4.5 6.3531 4.3 9.7496 6.1

2012 3.8435 4.5 6.6261 4.3 10.3116 5.8

2013 4.0165 4.5 6.9111 4.3 10.8786 5.5

2014 4.2014 4.6 7.2081 4.3 11.4505 5.3

2015 4.3974 4.7 7.5181 4.3 12.0125 4.9

2016 4.5964 4.5 7.8411 4.3 12.5795 4.7

2017 4.8104 4.7 8.1781 4.3 13.1686 4.7

2018 5.0403 4.8 8.5301 4.3 13.7796 4.6

2019 5.2753 4.7 8.8971 4.3 14.4146 4.6

NICARAGUA EL SALVADOR GUATEMALA
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CENTRAL AMERICAN COUNTRIES:  

GENERATION EXPANSION PROGRAMS 

 

 

       Source: XM (ETESA, October, 2008). 

6.2.3 Fuel prices 

Fuel oil #2 (diesel) and fuel oil #6 (bunker) prices, the main drivers of marginal costs and 

electricity prices in Central America, were updated by the consultant according to 

forecasts conducted by CND (ETESA) in Panama for the last three quarters of 2009 

(based on EIA short-term forecasts). These price levels (US$2.97/gal for diesel and 

US$0.97/gal for bunker C) were assumed to remain stable for 2010–2016 and correspond 

to a WTI price of around US$55/B. An additional scenario corresponding to a WTI price 

of US$75/B was also considered for the market simulations. 

PLANTA MW PLANTA MW NICARAGUA MW

Tcativa(Ene) 43.5 EolBOT(Ene) 25 E AMAYO(ene) 40

 Pocosol(ene) 26 ALBANISA4(mar) 80

CC_tcol(Jun) 130 INGEN_BUN(Abr) 38 PMANAG_U3(Jul) -43

El_Encant(oct) 8 MMV 44 (ago) 44

INGENIOS(Dic) 42

Blmcarbon(Ene) 120 EolBOT(Ene) 25   

BLM123(Ret-Ene) -120 Pirris(Ago) 128  

Mendre(Ene) 20 MMV GARAB(Sep) 200 PTIZATE1(dic) -10

Bjo Mina(Ene) 52 ALQUILER(Sep) -200 PTIZATE2 (dic) 33

PTIZATE3(dic) 33

Chan I (Abr) 213 GEO PAILA(May) 70   

10  LARREYNAG (sep) 17

Baitun(Abr) 86 Toro3(Ago) 50 PANTASMA(sep 17

Gulaca(Nov) 26

Los Anile(Mar) 36 COLIMA(Ene) -14   

Chiriquí(Sep) 56 MOIN_MT(Ene) -26  

Pando(Sep) 32 EolProy1(Ene) 20 CB100(dic) 100

Mon Lirio(Sep) 52 COL NEW(Ene) 30 PGEHOYOI(dic) 40

El Alto(Ene) 60 EolProy1(ene) 30 BOBOKE(ene) 70

Bonyic(Ene) 30 EolProy2(Ene) 100 PBRISA_U1 -24

  EolProy3(Ene) 100 PBRISA_U2 -38

Bot-Proy(ene) 150 SALTO Y-Y(sep) 25

  Reventazo(ene) 300   

  TUMARIN(may) 160

Tab II(ene) 35 S ANT NEW (Ene) 34 MMV100a(ene) 100

 S ANT(ene) -34 MMV100b(ene) 100

Sindigo(ene) 10 BARRANC(ene) -36 VALENTIN(ene) 28

 BARR NEW(ene) 36  

  Diquís(ene) 622   

    CORRIE LI(ene) 40

  MMV100c(ene) 100

    MMV100d(ene) 100

CB250a(ene) 250   PIED FINA 42

B. Blanco(Ene) 20 CCLNG500a 500 EL CARMEN(ene) 60

    CCDS150a(ene) 150

  CB150(ene) 150

CB250b(ene) 250     

2022   CCLNG500b 500   

NICARAGUA

2019

2020

2021

2015

2016

2017

2018

2012

2013

2014

COSTA  RICAPANAMA

2009

2010

2011

PLANTA MW PLANTA MW PLANTA MW

Biomasa(ene) 93 TALNIQUE(may) 50 CALD3b-B(ene) 22

Alsthom (mar) 27 CALD3c-B(ene) 11

Sulzer(may) 30 GESSA-B (ene) 35

Ceiba(sep) -24

ENVAS MOT(oct) 33 TERMOPUER(nov) 75

CECSA MOT(oct) 50

Biomasa(ene) 11 SONSONATE(ene) 20 ESC2-V(ene) -24

Elcosa(jun) -80 OZATLAN(ene) 50 ESC3_V(ene) 200

Lufussa1(dic) -40   DUKE-C(ene) 80

TECUAMBU(ene) 44

STAROSA-C(ene) 100

CECSA(ene) 150 CHAPARRAL(ene) 66 XACBAL(ene) 94

ENVASA(ene 100 05-Nov(ene) 64 RENACE(ene) 163

Biomasa(ene) 100 AES F(ene) 250   

CECSA MOT (oct) -33

ENVAS MOT(oct) -50

CB60(ene) 60 CERRON GD(ene) 86 CB275(ene) 275

Alsthom(ene) -27   

Sulzer(ene) -30     

  CUTUCO(ene) 525   

    SERCHIL(ene) 145

Patuca2A(ene) 150 CIMARRON(ene) 261  

Tornillit(ene) 160   

Llanitos(ene) 98     

Puert ENE(ene) -10

Puert MEX(ene) -16

Tablon(ene) 20     

Jicatuyo(ene) 173   

    CB250a(ene) 250

   

Lufu3-210(dic) -210     

CB100(dic) 100

Enersa(ene) -15 MMV100a(ene) 100   

MDMV 2(ene) 500   

CB300a(ene) 300   CB500(ene) 500

Emce2(abr) -55   

Lufussa2(may) -77     

  MMV100b(ene) 100   

Amp-ENERS(ene) -15   CB250c(ene) 250

Enersa(ene) -200   

CB200(ene) 200     

2012

2013

2014

2009

2010

2011

2015

2016

2017

2018

2019

2020

2021

HONDURAS EL SALVADOR GUATEMALA
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The following graphs illustrate the monthly fuel oil and diesel price forecasts used by 

ETESA in the Panamanian market for 2009. 

 

 

 

 

         Source: ―Informe Mensual de Operaciones,‖ ETESA, CND. Marzo de 2009. 

6.3 Additional aspects 

The simulations were conducted in two phases: a) the first phase consisted of an 

optimization phase which made it possible to obtain the evaluation of the opportunity 

cost of stored water in each main reservoir used for hydroelectric generation; this was 

done individually for each electricity system in each country; and b) the second phase 

consisted of the simulation of the operation of the interconnected systems (minimum cost 

dispatch) subject to the previously determined optimal hydrothermal operational policies 

(governed by the opportunity cost of stored water) and considering economic energy 

interchanges among the different systems. Both phases were done on a monthly basis, 

considering monthly demand representation in five blocks. 

In the simulation a variable transmission charge of US$7.5/MWh was used in each of the 

international interconnections. This was estimated based on US$430 million of 
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SIEPAC’s investment cost, a 10 percent discount rate, 4 percent of investment as annual 

operation and maintenance costs, 290 MW as the average available capacity in each 

international link, and a 55 percent load factor (implying a maximum of 8,200 GWh/year 

for international interchanges). Additional transmission revenues would be recovered 

through fixed transmission charges. 

The interconnected system’s operations were generated by running 100 equally likely 

monthly hydrological simulations, representative of the inflows used for hydropower 

generation.  The simulation was internally generated by the SDDP model (preserving the 

statistical parameters associated with the historical time series). The results obtained were 

used to determine the annual average values. 
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