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Executive Summary
In recognition of the growing implications of climate change and increasing energy security challenges, many nations are working to shift their power sectors away from dependence on imported fossil fuel sources and towards greater reliance on local renewable energy resources.  In this respect, Costa Rica’s electricity sector is a world model.  In 2004 Costa Rica generated 99% of its electricity from local renewable sources; 80% hydroelectric, 16% geothermal, 3% wind and only 1% fossil fuel combustion, making it by far one of the most clean power sectors in the world. Unfortunately, under current expansion plans the country is poised to lose its leading role. To meet the country’s almost tripling of electricity demand between the years 2006- 2025, the Costa Rican National electricity company recommends the installation of 38.3% fossil fuels, 53.3% hydro, mostly very large scale, and 8.2% geothermal and wind projects. In the “worst” case scenario, given that the controversial Boruca hydro electric dam project is stalled, fossil fuel electricity generation would make up 50% of new installed capacity. None of these expansion scenarios include a significant role for other renewable sources such as solar or biomass. To make the situation worse, Costa Rica has no known exploitable oil or natural gas, thus increasing fossil fuel generation increases the country’s vulnerability to volatile international politics and markets.  
The current plan is especially disappointing given the abundance of exploitable renewable energy resources in Costa Rica and the counter-cyclical nature of the resources such that a balanced and integrated use of natural resources in the country would create a stable and secure electricity system. (baseload: geothermal and energy crops; dry season: wind, solar and biomass; rainy season: hydroelectric power) Moreover, the economics of alternative energy generation are rapidly improving. Given the high environmental, financial and social costs associated with fossil fuel generation, I recommend, that in the short term, ICE, the Ministry and regulatory bodies:

· Aggressively push energy efficiency and demand management programs; 

· Allow for and encourage increased private sector participation in a competitive bid process. Private industry can often mobilize capital and construct plants faster than the state run company;

· In the competitive bid process, focus on wind and biomass options which are available during Costa Rica’s dry season, the current shortage period. Modular wind installation can take as little as a few months to install and, according to sugar cane producers in Costa Rica, sugar cane waste generation could come on line with as much as 120 MWs within the next two years.  Both options, however, require a supportive regulatory environment. 
In the longer term, this report recommends that ICE:

· Increase wind generation to at least 10% of installed capacity;

· Aggressively exploit existing, proven biomass resources, specifically sugar cane waste, African palm oil, and landfill gas;

· Develop low-impact geothermal power within national park boundaries;

· Scale up efficiency and demand management projects such as solar water heaters, appliance standards, peak time electricity pricing and load management;

· Focus on the economic benefits of distributed generation sources that can be built modularly to meet demand and with appropriate qualities to meet demand characteristics, such as combined power and heat (cogeneration) and solar roofing and window technologies.

A possible clean power generation plan could be made up of the following capacities:

Clean Power Plan 2025:
	

	Installed Capacity

	Predicted Capacity Needed 2025:
	    4700 MW

	11% Demand Management Savings: 
	    -500 MW

	Total System Capacity:
	=  4200 MW

	                 65% hydro

	    2730 MW

	                 15% geothermal
	    630 MW

	                 10% wind
	    420 MW

	                 10% biomass + solar
	    420 MW

	                 0% fossil fuel combustion
	    0 MW



This report argues that a Clean Power Plan will create a more dependable, secure and less expensive electricity system in Costa Rica than ICE’s current recommended generation plan. This study also demonstrates that a Clean Power Plan is well within the proven resource potentials of the country and the capabilities of the power sector. Many energy experts conclude that there are no fundamental technological or economic constraints to alternative energy generation instead they are being held back by market failures and policy barriers. This is certainly the case in Costa Rica, where a number of institutional, regulatory and legal obstacles restrain new renewable projects; including a lack of communication, trust and coordination among the primary actors in the energy sector, an absence of experience and capabilities with non-conventional renewables, inadequate planning tools, legislative limits, limiting funding mechanisms and political interference within ICE. 

The report suggests the following strategies to address these barriers:

· Coordinate plans and goals between the ICE and the Ministry of the Environment and Energy, with frequent communication and at least quarterly meetings;

· Monitor and enforce existing plans;

· Aggressively fund new energy research and development as a top national priority;

· Leverage funding and partnership opportunities through the Kyoto Protocol’s Clean Development Mechanism and the many emerging global carbon markets;

· Partner with developed countries like Spain in RD&D for new energy technologies and prototyping of cutting edge technologies such as solar thermal generation and wave energy. 

· Reform the legal environment to allow for more competition from private electricity generators to bid for projects within the context of strong regulatory mechanisms that foster clean energy, efficiency and distributed generation expansion;

· Restructure ICE for increased efficiency, political autonomy and updated accounting methods;

· Adopt new planning tools and methods that can incorporate new energy technology options and analyze the full lifecycle costs of new generation plans.

Creating a fossil fuel free power sector in Costa Rica by 2025 is not unattainable. All that is needed is visionary and practical leadership that establishes clear goals that all actors in the energy sector can work towards together; goals that will both decrease overall energy demand and increase new alternative energy sources. As fossil fuel prices continue at historically high levels, the effects of global climate change become more expensive and the alternative energy market begins to take off, Costa Rica should seize this moment of crisis and opportunity: now is the time for Costa Rica to continue its international role as an environmental leader, commit to a fossil fuel free energy future and achieve a truly least cost power sector.

Introduction


In 2004 Costa Rica generated 99% of its electricity from renewables; 80% hydroelectric, 16% geothermal, 3% wind and only 1% fossil fuel combustion, making it by far one of the most clean power sectors in the world.
 Unfortunately, under current expansion plans the country is poised to lose its leading role. To meet the country’s almost tripling of electricity demand between the years 2006- 2025, the Costa Rican National electricity company, Instituto Costariccense de Electricidad (ICE) recommends the installation of 38.3% fossil fuels, 53.3% hydro, mostly very large scale, and 8.2% geothermal and wind projects.
 In the “worst” case scenario, given that the controversial Boruca hydro electric dam project, expected to produce 622 MW, is stalled, fossil fuel electricity generation would make up 50% of new installed capacity.
 None of these expansion scenarios include a significant role for other renewable sources such as solar or biomass. 
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Costa Rica’s 2025 power portfolio looks even worse when considered in terms of actual generation rather than installed capacity.  Almost all of the current installed fossil fuel capacity is used as back-up power during Costa Rica’s dry season to replace the many run-of-river hydroelectric plants, which are only productive during the rainy season. The current diesel and bunker power plants are only fired up during particularly dry periods. As noted above, actual generation in 2004 was 99% renewable with only 1% power generation from fossil fuels.  However, in 2025 many of the installed fossil fuel plants will run all year round to meet base load demand, especially in the case where Boruca is stalled. In 2025, according to ICE’s recommended plan fossil fuel generation make up 27% of total generation in 2025
 and could reach as high as 40% without Boruca;  up 39% in just 20 years, while the rest of the world, in recognition of growing carbon constraints, is desperately trying to reduce fossil fuel dependence. 

In the short term, according to the 2005 plan, installed capacity will be even more weighted to fossil fuels. Costa Rica faces imminent electricity shortages projected for the 2007 and 2008 dry seasons through 2012. Two major events have set off the current energy crisis: 1) the Garabito diesel plant (116 MW) planned to come on line in 2006 has been delayed until 2009 because of corruption in the construction bidding process; 2) the Pacuare hydroelectric plant (156 MW) due to come on line in 2012 has been cancelled due to environmental concerns and public protest.  ICE currently plans to meet upcoming shortages with imported power from neighboring grids which are heavily reliant on fossil generation and rented modular diesel/bunker generators, which are among the dirtiest sources of power.  

The current plan is especially disappointing given the abundance of exploitable renewable energy resources in Costa Rica and the rapidly improving economics of alternative energy generation. To make the situation worse, Costa Rica has no known exploitable oil or natural gas. Recent volatility and high cost trends in fossil fuel prices, could prove increasing dependence on imported fossil fuels very expensive for the country. 


When questioned about these disturbing trends, ICE’s planning department responded that the technology for large-scale alternative electricity generation is immature and expensive.  Given the already high percentage of renewable energy in Costa Rica, they feel that ICE has “done its part” and should not risk further investment in alternative technologies that will increase consumer costs.  The Planning Department’s conclusion demonstrates a lack of awareness about the current state of alternative technologies.
  Over the last decade capital costs for most of these technologies have halved and are expected to half again over the next.
 Renewable energy technology has consistently met or exceeded cost goals and expectations.
 


The International Energy Agency has portrayed the cost-competitiveness of renewables in this way: The average costs of large hydropower, combustible renewables and waste plants are currently competitive with wholesale electricity prices. In the case of other renewable sources that are not yet competitive with wholesale prices, “depending on the technology, application and site, costs are competitive with grid [retail] electricity or commercial heat production. Under best conditions— optimized system design, site and resource availability—electricity from biomass, small hydropower, wind and geothermal plants can produce electricity at costs ranging from 2–5 cents/kWh.”  These costs are comparable to typical conventional power generation costs which are US$ 2–5 cents/kWh for base load power, and can be considerably higher for peak power.
  However, these cost comparisons only consider financial costs and do not include hidden social and environmental externalities. In almost all cases, costs per kilowatt-hour for renewables are considerably lower than fossil fuel generation when all costs and benefits are accounted for; such as air pollution, health, climate change, jobs, financing, security, habitat loss. Renewable technologies become even more competitive when integrated into a diverse distributed generation system and are designed to match demand characteristics. In the Costa Rican context, wind power and geothermal, are less expensive than fossil fuel generation without even considering external costs and benefits.

Given the high environmental, financial and social costs associated with fossil fuel generation, I recommend, that in the short term, ICE, the Ministry and regulatory bodies:

· Aggressively push energy efficiency and demand management programs; 

· Allow for and encourage increased private sector participation in a competitive bid process. Private industry can often mobilize capital and construct plants faster than the state run company;

· In the competitive bid process, focus on wind and biomass options which are available during Costa Rica’s dry season, the current shortage period. Modular wind installation can take as little as a few months to install
 and, according to sugar cane producers in Costa Rica, sugar cane waste generation could come on line with as much as 120 MWs within the next two years.
  Both options, however, require a supportive regulatory environment. 
In the longer term, this report recommends that ICE:

· Increase wind generation to at least 10% of installed capacity;

· Aggressively exploit existing, proven biomass resources, specifically sugar cane waste, African palm oil, and landfill gas;

· Develop low-impact geothermal power within national park boundaries;

· Scale up efficiency and demand management projects such as solar water heaters, appliance standards, peak time electricity pricing and load management;

· Focus on the economic benefits of distributed generation sources that can be built modularly to meet demand and with appropriate qualities to meet demand characteristics, such as combined power and heat (cogeneration) and solar roofing and window technologies.
Many energy experts conclude that there are no fundamental technological or economic constraints to alternative energy generation instead they are being held back by market failures and policy barriers.
  This is certainly the case in Costa Rica, where a number of institutional, regulatory and legal obstacles restrain new renewable projects; including a lack of communication, trust and coordination among the primary actors in the energy sector, an absence of experience and capabilities with non-conventional renewables, inadequate planning tools, legislative limits, limiting funding mechanisms and political interference within ICE.
I suggest the following strategies to address these barriers:

· Coordinate plans and goals between the ICE and the Ministry of the Environment and Energy, with frequent communication and at least quarterly meetings;

· Monitor and enforce existing plans;

· Aggressively fund new energy research and development as a top national priority;
· Leverage funding and partnership opportunities through the Kyoto Protocol’s Clean Development Mechanism and the many emerging global carbon markets;

· Partner with developed countries like Spain in RD&D for new energy technologies and prototyping of cutting edge technologies such as solar thermal generation and wave energy. 
· Reform the legal environment to allow for more competition from private electricity generators to bid for projects within the context of strong regulatory mechanisms that foster clean energy, efficiency and distributed generation expansion;

· Restructure ICE for increased efficiency, political autonomy and updated accounting methods;

· Adopt new planning tools and methods that can incorporate new energy technology options and analyze the full lifecycle costs of new generation plans.


Costa Rica’s rapidly growing energy demand and near term electricity shortages present significant challenges for ICE, but they also present opportunities for innovation.  Costa Rica can take advantage of its current excellent education and industrial infrastructure and its political stability in order to attract foreign investment and grow new energy industries. Effectively solving the current energy challenges will require forward thinking vision and leadership, both of which Costa Rica has proven it has time and again in many policy areas and especially in its power sector.

Overview of Costa Rica’s Power Sector
Changing Political Setting 

The Costa Rican electricity sector faces a number of pressures from changing global and regional regulatory trends. This small country, often called the Sweden of Central American, is historically a social democracy and has resisted pressures toward privatization and deregulation, especially in sectors that have been considered social goods, including electricity and telecommunications. Supporters of liberalization, however, seem to be gaining power in the county. In February, Oscar Arias won the presidential elections by less than a percentage point. Arias’s new government will be faced with strong international pressure to ratify the Central American Free Trade Agreement (CAFTA). During his campaign Arias vowed support for CAFTA. The agreement requires liberalizing telecommunications markets in Costa Rica and stipulates that ICE can not claim a greater monopoly share of the electricity market, above the 85% of generation it already legally controls. More importantly, liberalizing the telecommunications market will seriously reduce ICE’s revenue streams. They have been using the telecommunications revenues, presently a much more lucrative sector, to subsidize new power projects. Another challenge will come in 2008 when the Central American Wholesale Electricity Market goes into effect. This greater cross-border grid connection will open up Costa Rica’s electricity sector to competition from neighboring grids. 
These changes will have major implications for the nation’s electricity sector and consequently the state’s monopoly electricity and telecommunications company, Instituto Costariccense de Electricidad (ICE). The Costa Rican legislature is presently engaged in an ongoing debate over the Law to Modernize and Strengthen ICE, a controversial reform law that could significantly restructure the utility. The current debate pits two political poles against each other. On one end of the political spectrum trade unions are fighting to retain the status quo, a strongly regulated state monopoly; while at the other end, private industry groups argue for the privatization of ICE’s generation capacity and a shift to an exclusively transmission and regulatory role for the state company. Both sides have valid arguments. The union aims to protect consumers from possible high costs and the insecurity of leaving a vital social good, electricity, to rent seeking corporations. Private industry seeks to reduce the inefficiency and bureaucracy of Costa Rica’s largest employer and to promote innovation, especially in new renewable technologies.

Organization of the Costa Rican Power Sector 
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The electricity sector is regulated and guided by two government ministries; the Ministry of the Environment and Energy (MINAE: el Ministerio de Ambiente y Energía),  and the Regulatory Authority for Public Services (ARESEP: el Autoridad Reguladora de los Servicios Públicos). MINAE provides the guiding vision and sets goals for the national electricity sector through policy documents.  MINAE must also approve plans for new generation plants according to environmental criteria. ARESEP determines the tariffs that ICE and the distribution companies charge their clients, as well as the tariffs that ICE pays private companies to buy electricity. 


Secondary actors in the electricity sector include: industry organizations such as ACOPE, the Costa Rican association of private energy producers, and LAICA, a sugar industry organization; environmental groups, such as Aprefloflas; university departments that work on energy research, including the National University’s Solar Research Lab; the press, particularly La Nation daily newspaper; civil society, including unions, university students as well as consumers. Over the past five years there has been tremendous civil society response to electricity policy. 

The Instituto Costaricense de Electricidad (ICE) plays the dominant role in Costa Rica’s electricity sector. ICE is a government owned, vertically integrated electricity and telecommunications utility. The semi-autonomous company is charged with coordinating and planning both the electricity and telecommunication sectors in Costa Rica.  The company was originally structured as an independent entity with a technical general manager. However, in 1974, ICE was restructured with an Executive President and board of directors overseeing the general director. The Executive President is appointed by the President of the Republic. The board of directors consists of four appointees from the winning political party and three from the losing party.

ICE is responsible for 100% of electricity transmission, 39% of distribution and 78% of generation. CNFL, Compañía Nacional de Fuerza y Luz, another state company that is within the GrupoICE or Groups of ICE companies, is involved predominantly in electricity distribution, 42% of national total, but also in production of electricity, 9%. Two municipal companies and four cooperatives cover the rest of electricity distribution in Costa Rica. These companies also produce 3% of the electricity in Costa Rica.  Private companies, including small hydroelectric projects, sugarcane refineries and wind plants, produce the remaining 11% of electricity in Costa Rica. All of the electricity they produce must be sold to ICE who then transmits to distributors.
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Policy setting 


Every four years, the newly elected government articulates a Plan Nacional de Desarollo (National Development Plan). From this guidance, MINAE develops the Plan Nacional de Energia (PNE National Energy Plan). The plan is written during a meeting of all actors within the energy sector including relevant ministers, representatives from ICE, CNFL, private industry, rural cooperatives, municipal distribution companies and civil society. The most recent plan, IV, was written in 2002 and covers the years 2002-2016. The PNE IV sets the following goals for the national electricity sector:

1. Ensure that energy development contributes to maintain the social, economic and environmental equilibrium;
2. Ensure that the electricity sector contributes to the sustainable development and improvement of the quality of life of all citizens;
3. Reduce the vulnerability of the energy infrastructure and external dependence; 

4. Maintain the dominant State role in the energy sector.

The PNE IV also identifies the following as the principal problems in the energy sector: 

· Excessive dependence on external energy sources; 

· Limitations in the capacity of the energy sector; 

· Low utilization of alternative energy sources; 

· Inefficient energy use; 

· Problems in energy legislation.
 

In response to these problems, MINAE developed specific objectives such as efficiency, competitive markets, and increased dependence on local resources and renewable energy. The PNE also calls for extensive civil society participation, and increased coordination and communication within the sector, including bi-annual meetings between all members of the electricity sector.

Unfortunately few of these objectives have been met. The Energy Department of MINAE, DSE (Dirección Sectorial de Energía), seems unaware and little concerned that the objectives of the PNE have not been accomplished.
  ICE’s planning department considers the PNE as simply a guiding document and when questioned about the specific timelines and goals, dismissed them as arbitrary guidelines.
  Clearly, the PNE lacks effective monitoring, evaluation and enforcement mechanisms, reducing it to little more than good intentions.


The weakness of the Ministry’s National Energy Plan is also apparent when compared with ICE’s Plan de Expansion de Generacion (PEG). ICE’s PEG claims to be developed within the guidelines and mandates of MINAE’s National Energy Plan. However, there are clear discrepancies between the two plans. Whereas MINAE’s plan calls for a move toward non-conventional renewable energy sources and increased reliance on renewables, ICE’s plan moves the country away from renewables towards fossil fuel plants. Unfortunately, ICE’s top management allocates funds towards projects and departments within the organization according to the recommendations of the PEG not the PNE. 


To comply with the National Energy Plan’s mandate that ICE research non-conventional renewable energy resources, the planning department wrote the Plan de Desarollo de Fuentes Nueves de Generacion Renovables y No Convencionales Periodo 2004- 2008 (Development Plan of New Sources of Generation, Renewable and Non-Conventional.)
  This slight document presents a perfunctory analysis of renewable energy exploitation in Costa Rica. This document references studies of resource potential in Costa Rica that were completed fifteen to twenty years ago. Moreover, the existence of this Plan is virtually unknown even within ICE. Until the start of my research, members of ICE’s Alternative Energy Research and Development Department, had never heard of it.

Legal Landscape


The national electricity sector is regulated by the laws that created ICE, ARESEP, and CNFL and gave them their mandates. Law 7200, modified by Law 7508, is one of the most important in electricity policy in Costa Rica. This law protects the dominant role of ICE in the electricity sector, limiting the amount of electricity produced by private industry to 15% of total national capacity and to plants no larger than 20 MW. A later amendment to this law allows for an additional 15% of national capacity in Build-Operate-Transfer (BOT) plants. According to this amendment private companies can build electricity plants, operate them for 15-20 years, and then sell the plant to ICE. These plants can produce up to 50 MW. The law also stipulates that 35% of any private electricity company must be owned by a Costa Rican national. A more recent Law 8345 allows the rural electricity cooperatives and municipal companies to generate electricity for their customers without size limitation and to sell excess electricity to ICE.


The limitations of Law 7200 create significant inefficiencies in the electricity sector. Many actors within the sector, including employees of ARESEP and ICE, believe that this law leads to higher costs for consumers and to challenges for renewable energy production. Under the restrictions of the law, private companies can not take advantage of natural returns to scale. For example, El Viejo, the country’s second largest sugar refinery, is currently negotiating a 15 year contract with ICE to produce 4 MW of electricity from burning bagaces, the waste material of sugar production. With the amount of bagaces produced every year, El Viejo could generate as much as 27 MW at very little extra cost. Instead the excess bagaces will be burned outside of the generator.
 Another private hydroelectric company, Energia Global, built an unnecessary border down the middle of its plant and uses two generators to comply with the 20 MW limitation. Moreover if ICE can not increase generation capacity, the law prohibits increased participation by the private sector beyond 15% despite ability, willingness and cost competitiveness. Indeed, ICE is now scrambling to resolve the imminent power shortage, including making more contracts with private companies, however its options are limited by Law 7200. 


Another limit to private competition comes from ARESEP’s rate structure which determines rates using a cost-of-service calculation similar to traditional utility rate calculations in the United States. The rates are based on capital costs and operating expenses plus a rate of return. The rate of return is based on other market opportunities of similar risk. As a result of ARESEP’s rate system, if a private company can build a cheap, efficient alternative energy plant they will be paid less per kWh than other higher cost generation plants.


Law 7447, the Rational Energy Use Law, passed in 1994 established a mandate for ICE and MINAE to execute rational energy programs in companies with high energy consumption levels. The law was passed to support the newly formed National Commission of Energy Efficiency, which was established by Executive Decree under MINAE and mandated to prepare and execute a national program of energy efficiency. It is not clear whether this body is still active. During all of my personal research and interviews in Costa Rica I never heard mention of it. 

The legal environment is also impacted by Law 7848, the Tratado Marco del Mercado Eléctrico de América Central, ratified in 1998, which lays the framework for a wholesale electricity market within Central America and Panama called SIEPAC.  Beginning in 2008, more cross border transmission lines will be constructed between Central American countries. The Costa Rican electricity sector will face competition from neighboring electricity sectors. According to the agreement only ICE can buy and sell electricity to neighboring grids. However, many actors within the sector are pushing to allow private industries and generators to independently buy and sell electricity in the Central American market.


In order to address the shortcomings in the electricity sector and incongruencies with international agreements, UCCAEP, the Costa Rica Union of Private Company Associations, argues in their report, Modernization and Strengthening of the National Electricity Sector, for the creation of a competitive electricity market within Costa Rica. A competitive market could allow independent power producers to sell energy directly to consumers, be they municipalities, industries or cooperatives, without the intervention of ARESEP or ICE. UCCAEP contends that modern electricity systems separate the commodity of electricity from the service of transmission and distribution. The industry organization suggests that ICE and the government should shift away from production monopoly to a regulatory role.  
Reforming ICE, however, has proven to be extremely controversial because of the company’s strong union and its legacy as a symbol of national pride. In 1999, citing falling standards and the requirements established by the Central American Wholesale Electricity Treaty, Costa Rica's legislature approved the draft of a law known as the Combo, which would have restructured ICE. The law consisted of three stages spread over five years. The first stage would have split ICE into two separate companies selling telecommunication services (ICEtel) and power (ICElec). The second stage of the process would have liberalized Costa Rica's phone and electricity markets. In the final stage ICEtel and ICElec would seek joint ventures with private companies, maintaining 51 percent ownership.
 In March 2000, in response to the law, ICE’s trade union, which is the largest and most influential in the country, and university students organized massive demonstrations and road blocks that brought the country’s capital to a standstill. In April of 2000, Costa Rica's Supreme Court ruled the initiative unconstitutional. In response to the national protests, the government created the Special Mixed Commission for the Strengthening and Modernization of ICE, with representatives from civil society, the legislature, and private industry. Their mandate was to study, analyze and give recommendations on a new ICE reform law. In August of 2005, the legislature disbanded the commission, claiming that internal gridlock prevented it from accomplishing its mandate. Instead a new commission will be formed consisting solely of legislators. The disbanding of the commission instigated new protests by ICE’s union, students and other members of civil society. Reforming ICE has become even more pressing as SIEPAC deadlines approach. The Costa Rican legislature is currently constructing an understandably controversial ICE reform law, referred to as the Law to Modernize and Strengthen ICE.  But thus far, the Costa Rican legislature and regulatory bodies have been unable to change the regulatory environment.

The Current Generation Plan

It must be highlighted that ICE has done an excellent job developing, planning and leading the Costa Rican electricity sector. The country has reached a 97% electrification level and enjoys the lowest consumer electricity costs in the region. Moreover, in 2004 Costa Rica generated 99% of its electricity from renewables; 80% hydroelectric, 15% geothermal, 3% wind and 1% fossil fuel combustion, making it by far one of the most clean power sectors in the world.  In terms of installed capacity, Costa Rica has 1848 MW of which hydroelectric makes up 70%, fossil fuel plants 18%, geothermal 8.5%, and wind 3.5%.  The fossil fuel plants are designed as backup for the many “run of river” hydroelectric plants which significantly reduce production during the country’s dry season from late December to April.  


Electricity demand is expected to increase between 4.65% and 5.4% over the next twenty years, bringing the country’s total power demand to between 4000 MW and 4700 MW.  To meet the country’s 250% increase of electricity demand between the years 2006- 2025, ICE’s 2005 recommended operational plan, the Plan de Expansión de la Generación Eléctrica 2006-2025 (PEG2005), calls for the installation of 38.3% fossil fuels, 53.3% hydro, mostly very large scale, and 8.2% geothermal and wind projects.
 In the “worst” case scenario, given that the controversial Boruca hydro electric dam project, expected to produce 622 MW, is stalled, fossil fuel electricity generation would make up 50% of new installed capacity.
  Under these plans fossil fuel generation would be required to meet base load demand and thus would also make up a much greater percentage of generation.  None of these expansion scenarios include a significant role for other renewable sources such as solar or biomass. 
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The PEG2005 dismisses non-conventional renewable energy, arguing that the most optimistic projections show that it will be more than twenty years before these technologies are cost competitive with large scale hydroelectricity and fossil fuel generation.
  Using obsolete and perfunctory studies of resource potential, some from as far back as 1980, the PEG2005 concludes that 50% of identified renewable power resources in Costa Rica have already been exploited.
  This conclusion is based on absurd numbers, such as the country only contains 95 MWs of potential biomass energy, already less than the 120 MWs of sugar cane waste production identified by cane producers alone. The planning department’s conclusion also does not consider solar or any new renewable resources.

At the same time the PEG2004 expands in detail on the possible future use of natural gas in Costa Rica.
 The planning department considers natural gas to be a very viable option, despite the expensive infrastructure needed to either construct a gas pipeline to Costa Rica from Columbia or Mexico or transport liquid gas by tanker and then re-gasify it in the country and despite recent high gas prices.
Opportunities for Alternative Energy 

Despite the pessimistic estimations of ICE’s planning department, exploitable renewable energy resources in Costa Rica are abundant. During the dry season large areas of the country receive almost uninterrupted sun and strong, consistent winds. The country is lined with volcanoes, indicating plentiful geothermal energy. And, as a tropical country, biomass is abundant throughout the year. 
Costa Rica also has plentiful human resources especially when compared to its neighbors. The UNDP places Costa Rica 47th in the Human Development Index (HDI) with a score of 0.838, much higher than the surrounding countries in Central America. An HDI of 0.8 or more is considered to represent high development and places Costa Rica amongst the countries of western Europe and North America. The life expectancy in Costa Rica is 78.1 years.  Adult literacy is 95.8%.  Youth literacy is even higher at 98.4%.

Costa Rica at the Green Cutting Edge 

Costa Rica has a long history of innovation and forward thinking. It was the first country in the world to constitutionally abolish its army in 1949. It has avoided the violence that plagued Central America in the 20th century and is seen as an example of political stability in the region. Oscar Arias, the current president, was awarded the Nobel Peace Prize for his work in Nicaragua during his earlier presidency. The money the country has saved on defense spending has been shifted to social programs in health, education and environmental protection.  Costa Rica has been an environmental leader, not just amongst developing countries, but in the world. The right for a healthy environment was laid down as a constitutional amendment in 1994 and ecology is a compulsory primary school subject.
 A number of university programs train both national and international students in natural resource protection including Earth University and the UN University for Peace. 


Building upon a broad knowledge base, Costa Rica has initiated numerous creative environmental policy instruments to promote sustainable development, including payment for environmental services, debt for nature swaps and biodiversity prospecting partnerships to attract foreign funding. In 1989, U.S. based pharmaceutics enterprise Merck & Co founded the National Biodiversity Institute (INBio) in partnership with the Costa Rican government. Costa Rica was also the first developing country to set up a Joint Implementation office in 1994 and take advantage of the JI mechanism of the Kyoto Protocol through both energy and reforestation projects.


Costa Rica’s “green” image presents a compelling opportunity for alternative energy expansion. Today nearly 25% of Costa Rica is protected as national parks or private reserves. Costa Rica is world renown as a natural paradise and world leader in wildlife and nature protection. Its substantial ecotourism industry depends on this image. A commitment to sustainable energy would enhance this “green” image and further comply with its trademark “no artificial ingredients.” New sustainable energy technologies themselves may attract more environmental tourism. 

Green Power: A Business Opportunity for Costa Rica

Renewable energy has become big business. In 2004, about $55 billion was invested in renewable energy power systems world wide, up from $14 billion in 2000.
 This amount is just over one-third of the amount that was invested in conventional power plants in 2004. New renewables make up 4% of the total world power capacity.
 Major global companies, such as General Electric, Siemens, Shell, British Petroleum, Sanyo, and Sharp have made significant renewable energy investments and acquisitions in recent years.   Large commercial banks are starting to “mainstream” renewable energy investments in their lending portfolios.
 

The world’s fastest growing energy supply technology is grid-connected solar photovoltaic (PV), which grew by 60% per year from 2000 to 2004. During the same five year period, other renewable energy technologies grew rapidly as well: wind power, 28%; solar hot water/heating, 17%; and geothermal heat capacity, 13% (all annual averages).


Renewable energy is growing extremely quickly, in part due to strong policy support. At least 48 countries worldwide now have some type of renewable energy promotion policy, including 14 developing countries.  Europe plans to make 22% of its electricity with renewables by 2010. Sweden announced in January of 2006 that it plans to be oil free by 2020 and intends to increase investment in new renewable technologies such as wave and wind power.


Developing countries receive about US$500 million each year as development assistance for renewable energy projects, training, and market support.  The three largest sources of these funds have been the German Development Finance Group (KfW), the World Bank Group, and the Global Environment Facility (GEF). Other sources of public financing include bilateral assistance agencies, United Nations agencies, and recipient country governments. Since 1990, the World Bank Group has supported US$2.5 billion for new renewable energy (excluding hydro larger than 10MW). At the International Conference on Renewable Energies that took place in June 2004 in Bonn, the World Bank Group committed to a target of at least 20% average growth annually in both renewable energy and energy efficiency lending over the next five years.


 Green power technologies are well within the existing capabilities of Costa Rican industry and infrastructure and represent a promising opportunity to participate in an emerging technology market. For example, the U.S., Costa Rica’s most important trading partner, constitutes almost a fifth of the wind energy market. A well developed wind technology industry in Costa Rica could help meet the growing demand for wind turbines in the U.S. There is also growing interest in renewables in Central and South America. Costa Rica already has the institutions necessary to move quickly ahead with renewable energy technologies. There are a number of industry organizations, such as ACOPE, the Costa Rican association of private energy producers, and CNP+L (Centro Nacional de la Producción Más Limpia), the National Center for Cleaner Production. 
Two renewable energy financing and management companies already have headquarters and experience in the country.  SARET Energy Systems jointly developed and manages four hydroelectric projects in Costa Rica and the Rio Azul landfill gas plant.
  The plants were developed in partnership with the CNFL of the ICE group. The hydroelectric projects leveraged the Joint Implementation mechanism. Mesoamerica Energy, a renewable energy finance company headquartered in San Jose,  plans to invest up to $200 million of equity, primarily in renewable energy projects in Central America. 
 In 2004, Mesoamerica Energy acquired one of the four operating winds farm in Costa Rica. Clearly the opportunities, institutions and infrastructure already exist; if encouraged, alternative energy technologies could present an important new industry for Costa Rica.

Renewable Energy is Cost Competitive
A number of factors are driving the current global renewable energy boom; the passage of the Kyoto Protocol, growing awareness of global carbon constraints, and the high prices, security risks and international conflict associated with fossil fuel energy. The most important driver may be the falling costs of renewable energy. The economics of alternative energies are improving rapidly as the technologies mature, the industry grows and the costs of conventional fuels increase. 



Renewable energy technologies such as hydropower, geothermal, biomass and wind can compete with wholesale electricity where resources are good and conventional fuels are expensive.  In similar situations, distributed technologies, like solar, can compete with retail electricity prices.  The costs for renewable energy technologies have dropped significantly over the past 10 years as a result of technology improvements, institutional learning and economies of scale in production. Costs are expected to continue declining, especially given current high levels of Research, Development & Deployment investment globally.
  An International Energy Agency study shows that costs have dropped 20% with each doubling of world capacity.


The World Bank conducted an extensive study of current and future renewable energy costs for large (50 -300 MWs) and small (5- 50 MWs) scale grid connected power. The study concluded that when sufficient resources are available, four major renewable power generation technologies - geothermal, bioenergy, hydro, and wind power – are potentially as economical as conventional power plants of similar small size (e.g., less than 50 MW). The study concluded, however, that conventional power generation technologies (open cycle and combined cycle gas turbines, and coal- and oil-fired steam turbines) remain the least-cost option for grid connected power over 50 MWs. (see Appendix 1).
 But, a different accounting method changes this conclusion. 

The World Bank study uses levelized generation costs which sum capital, operating and fuel costs levelized over the economic life of the plant using a 10% real discount rate that is assumed to be the opportunity cost of capital. This high discount rate significantly discounts future fuel prices and puts more weight on up front construction costs biasing these analyses against renewables which usually have higher capital costs and much lower, if not zero, fuel costs. Moreover, these costs do not include the “full-costs” of environmental and social externalities associated with each type of generation. Traditional financial analysis, based on discounted cash-flow accounting, undervalues fuel price risks and completely ignores the environmental and health costs of fossil-fueled power plant emissions.
Full-cost Accounting

Full-cost accounting attempts to provide a more accurate and comprehensive picture of the true costs of economic activity by assigning explicit value to externalities. For example, some of the effects of pollutant emissions on health and on changes in environmental quality can be assessed in pecuniary terms if there are demonstrated increases in health care costs or decreases in agricultural yields. Full-cost accounting principles are essential to promote optimal economic efficiency.
 
The key to alternative energy economics are the opportunities presented by additionality and externalities. Some examples of additionality include; ranchers pasturing cattle on wind farms, roof tiles and windows embedded with solar cells such that with very little extra material costs a building can supply its own electricity, fueling thermal generators with agricultural waste, using industrial wastes to meet a plant’s energy demand. External benefits include; averted environmental costs of fossil fuel pollution and large dams, local job creation, energy security and avoidance of risk of price volatility. The economics of alternatives also improve when they are considered as part of an integrated system that meets the changing daily and annual energy demand curve. Economic benefits can also result from reduced transmission losses from distributed generation. It is very difficult to quantify externalities. Most of them are interlinked and operate on different time scales. All of these additional benefits, which are not incorporated in conventional calculations of costs per kilowatt hour, present very real financial savings and economic incentives for alternative power generation.


The external costs of fossil fuel generation include health care expenditures, productivity losses, pollution cleanup expenses, and lost recreational opportunities. A recent European Commission study estimates external costs of coal generation to be between 2 and 12 cents per kWh. The external costs can double or triple the direct costs of base-load coal power (typically 3-4 cents/kWh).
 These external costs bring coal prices to as high as 5-16 cents/kWh, making all forms of renewables very cost competitive.
  Unpredictable and volatile fuel prices also add a “risk premium” cost to fossil fuel generation. Risk-adjusted discounting can nearly double the present value of gas generation.


In addition, renewable generation often produces external benefits that are not accounted for in traditional financial analysis, including price stability, reduced pressure on foreign currency reserves, and energy and national security through power portfolio diversity. Renewable energy systems can support decentralized markets and contribute to local economic development by creating employment, introducing new capital and innovation, and developing new revenue sources for local communities. The application of diverse alternative technologies creates a robust electricity system that is much better equipped to handle disruption whether it be natural or political. “Modern financial analysis techniques, which focus on the medium-term evolution of the energy-based portfolio, show that a certain percentage of renewables in the overall fuel mix of a utility reduces the overall risk and the overall portfolio cost.”
 


When the World Bank study adds the costs of local environmental and global externalities into the economic valuation of renewable generation, the economically viable quantity of renewable energy increases.  If the diversification value is also added to the economic cost, the economically viable optimum quantity of renewable energy becomes even larger as.
  

Economic Benefits of Distributed Generation


A recent book by energy expert, Amory Lovins, Small Is Profitable: The Hidden Economic Benefits of Making Electrical Resources the Right Size, codifies and quantifies 207 “distributed benefits” that collectively increase the economic value of decentralized generation by typically ~10 times (exact value is always site/technology-specific). The benefits include increased flexibility, shorter lead times and decreased risk of overbuilding. But perhaps the greatest benefits come from reduced losses through transmission and distribution. Distributed generation avoids some of the costs of transmission and distribution infrastructure and power losses, which together can total up to half of delivered power costs. These savings are often referred to as “locational value.”
 

In Costa Rica, the benefits of distributed generation are particularly large. The current transmission system in Costa Rica will require significant investments to be able to handle increasing demand over the next twenty years. The system is especially taxed because most of the country’s electricity is generated in the Northern zone, while the greatest demand is in the central and southern areas. Focusing on local, distributed resources would help to reduce the current and forecasted burden on the country’s ageing transmission system.

Carbon Financing

Bilateral and multilateral funding also shift the economics in favor of renewable energy in Costa Rica.  Multilateral banks and institutions have begun large programs specifically to support alternative energy expansion in developing countries. The German Development Finance Group (KfW) approved about $180 million for renewables in 2004. The World Bank Group committed an average of $110 million per year to new renewables during the three-year period 2002–2004. The Global Environment Facility (GEF) allocated an average of $100 million each year from 2002 to 2004 to co-finance renewable energy projects implemented by the World Bank, United Nations Development Programme (UNDP), United Nations Environment Programme (UNEP), and several other agencies. In terms of bilateral assistance, in 2004 donor countries financed almost $500 million in renewable energy projects.


The emerging global carbon markets represent a very important financing opportunity for renewable energy in Costa Rica. Costa Rica has already proven that it is very capable of handling these types of projects. It was the first developing country to build Joint Implementation projects under the Kyoto Protocol. In 1994, the country established the Office on Joint Implementation (OCIC), through a cooperative effort between MINAE and a private organization specialized in the attraction of foreign investment, CINDE (Costa Rican Trade and Development Board) and two non-governmental organizations, FUNDECOR and ACOPE, experienced in forestry management and private electricity generation of electricity.


Through this office four electricity joint projects were implemented; three wind plants and one hydroelectric plant, which is now managed by SAREC. The projects were considered especially successful because the OCIC was able to attract a substantial level of funding while maintaining strong requirements regarding the benefits that needed to accrue to the country.


When Kyoto came into force in 2005, the Joint Implementation mechanism, which was a prototype, became the Clean Development Mechanism. The CDM allows project-based green house gas reductions in developing nations to be transformed into Certified Emission Reductions (CERs) which, in turn, are available to industrialized countries for use as credits against their own Kyoto emissions commitments. A CDM project receives a CER for every ton of carbon dioxide equivalent (tCO2e) that the project displaces.  CERs can be used for compliance with Kyoto Protocol obligations or to meet emissions caps under the European Union Emissions Trading Scheme. The European Union Emissions Trading Scheme (EU ETS) is an EU wide cap and trade emissions trading system, which trades in “EU Allowances,” called Emission Reduction Units (ERUs).  

The challenge for project developers is that CERs are only awarded after the project has been completed, whereas financing is most often necessary at the beginning of the project development. To meet this need carbon financing has developed to buy carbon credits before a project is completed.  As of late July 2006, emission reduction purchase agreements for future CERs were being traded at fixed prices between $9.6-15.6 where the buyer takes the risk of non-delivery. For CERs already issued, or where the sellers take the risk, prices were around $18.
  


With CER prices at a very conservative $4 tCO2e, CDM provides added revenues of $3-6 per MWh for renewable projects replacing electricity produced with diesel fuel, such as ICE’s Garabito plant.  This additional cash flow generally improves the finances of a project by 1 to 3.0 percentage points.
 However, as CER prices increase carbon revenue increases proportionately. Moreover, if displaced future fuel costs are also considered in the financial equation carbon financing can begin to shift the economic equation much more towards renewable generation. 

Renewable energy projects that reduce methane emissions receive more significant CDM benefits, because methane has 21 times higher green house gas potential relative to CO2.  A CER price of $4/tCO2e provides added revenues of $14-16 per MWh of electricity produced depending on the type of methane gas displaced.  In addition, projects, like landfill gas generation, that utilize the methane to generate electricity that displaces fossil fuels also get the fuel displacement CERs. The total additional cash flow can improve the financing on a these projects by more than 15 percentage points.
  Given these figures, developing new landfill gas projects in Costa Rica, such as the successful Rio Azul project would be very economically attractive.


In order to qualify for CERs a project must prove that emissions reductions are  “additional,” that is the renewable energy project must displace a previously planned fossil fuel plant. For this reason, ICE’s current generation plan could be considered brilliant. It provides “additionality” proof for all new renewable projects in the country.

Besides the Kyoto based emissions certificates, many large companies are beginning to “offset” their carbon emissions by funding reforestation, renewable energy and efficiency projects. In 2005 for example, WholeFoods grocery chain, bought 458,000 MWhs of green power to offset the company’s power demand.  A number of airline companies offer emissions offsets to their customers. The carbon certificates can be bought through a number of new organizations developed to fund renewable energy and efficiency projects for this market.

Disadvantages of Traditional Energy Sources

Large-scale Hydroelectric Power: Large-scale Opposition


Many international researchers and activists have argued that the costs, social, financial and environmental, of large dams outweigh the benefits. The World Commission on Dams has concluded that, “On balance, the ecosystem impacts [of large dams] are more negative than positive and they have led, in many cases, to significant and irreversible loss of species and ecosystems.”
 Large dams projects in Costa Rica are particularly controversial, especially the Boruca dam project upon which ICE’s recommended plan hinges. Civil society groups have contested the Boruca project on both environmental and social justice concerns.
 ICE’s other planned large dam on the Pacuare river was recently been cancelled because of a MINAE investigation into environmental violations. Local citizens and the tourism industry protested the project because of possible negative impacts on the rafting industry. ICE recently received a fine for pollution and habitat destruction from a hydroelectric project in the same area.
 Controversy over water pollution abounds in the most recent large dam project, Angostura, in eastern Costa Rica.

In the 2004 Expansion Plan, ICE’s planning department admitted to growing opposition to dams among conservationists and local citizens, and affirmed that the best sites for hydroelectric power in Costa Rica have already been exploited. The PEG notes that future projects present growing costs. ICE uses these challenges to large scale hydro as arguments for greater reliance on fossil fuel plants.
 They obviously have not seriously considered the significant drawbacks that fossil fuel plants introduce.

Fossil Fuel Combustion: Risk and Volatility


The environmental impacts of fossil fuel generation are well documented, including acid rain, water and soil acidification, forest die-off, increases in human respiratory diseases and health costs, loss of agricultural productivity, and all of the many consequences of global climate change. Besides these obvious environmental disadvantages of thermal plants, increasing dependence on fossil fuels in Costa Rica raises challenges of national security and price stability. Costa Rica has no known reserves of petroleum, natural gas or coal. The country is completely dependent on world gas and oil markets. Citing and fuel transportation also present significant challenges and costs for any new fossil fuel plant in Costa Rica.

The most recent U.S. Department of Energy Energy Information Agency (EIA) report from 2006 forecasts that oil prices will slowly decline from record highs of over $70 per barrel to $47 per barrel in 2014 and then rise again to around $57 in 2030, but they note that the range of prices in 2025 could be anywhere from $35-90 per barrel.
  ICE’s current generation plan uses EIA oil price forecasts from 2004, that are not even in this range. The fuel prices used by ICE in their least cost analysis refer to predictions for oil prices in 2005 of $23.30/barrel.
 In reality, oil prices in 2005 reached historical highs and have remained over $60/barrel since, and in 2006 remained closer to $75/barrel.  Using these much lower price predictions the PEG calculated that the older diesel gas turbine generators have variable operation costs of $0.125 - $0.155/kWh, while new diesel gas turbines have variable costs between $0.100 - $0.125/kWh.  They also calculate that combined cycle diesel gas plants will have variable costs between $0.065 - $0.081/kWh. Given that the most recent forecasted oil prices are more than double the figures used by ICE, one can assume that the operational costs for these diesel plants, including Garabito, will about double these predicted costs. Recalculating with the newest price predictions should dramatically change the generation costs of ICE’s recommended Plan. 


No matter how accurate current price predictions prove to be, the volatility of fuel prices itself presents an important economic cost to fossil fuel plants. New analysis of risk and fuel price volatility suggests that levelized generation costs should use hedged or forward fuel price inputs for cost analysis rather than uncertain fuel price forecasts. Hedged prices are almost always much higher by a significant margin than the forecasted prices, implying that comparisons between renewable and fossil fuel fired generation based on these forecasts have yielded results that are biased in favor of fossil fuel generation.


Hurricanes Rita and Katrina and instability in the Middle East and Nigeria, dramatically increased oil prices, demonstrating the vulnerability of this resource and the limitations of price predictions. The risk of future price volatility remains high as political instability in the Middle East, Venezuela and Africa continue to threaten supplies. Increasing dependence on foreign fossil fuels will expose Costa Rica to unstable economic, political and climatic conditions outside its borders. 

Though ICE’s current recommended generation plan does not include plans to build natural gas power plants, the 2004 PEG devotes two pages to the possible expansion of natural gas generation in the farther future.
 There are no known reserves of natural gas in or near Costa Rica. In order to exploit low cost natural gas technologies, the country would have to invest billions of dollars in new gas infrastructure; to either construct a gas pipeline hundreds of miles from Columbia or Mexico, or build the expensive infrastructure necessary to import liquid natural gas by tanker and re-gasify it in the country.  Even worse, natural gas prices have proven to be more volatile than oil prices and much higher than predicted prices. According to the EIA, the cost of natural gas accounts for more than half the levelized cost of energy from a new combined cycle gas turbine, and more than 90% of its operating costs.
  Developing natural gas generation would only increase the risk and volatility of Costa Rica’s power portfolio. Instead they should make use of the abundant renewable energy sources within their own borders that require much smaller capital investments.

A Clean Power Plan For Costa Rica
Committing to a fossil fuel free generation plan would create a more dependable, secure and less expensive electricity system in Costa Rica than ICE’s current recommended generation plan. Moreover, a Clean Power Plan is well within the proven resource potentials of the country and the capabilities of the power sector. The following Clean Power Plan can be viewed as one possible example. 
Clean Power Plan 2025:

	

	Installed Capacity

	Predicted Capacity Needed 2025:
	    4700 MW

	11% Demand Management Savings: 
	    -500 MW

	Total System Capacity:
	=  4200 MW

	                 65% hydro

	    2730 MW

	                 15% geothermal
	    630 MW

	                 10% wind
	    420 MW

	                 10% biomass + solar
	    420 MW

	                 0% fossil fuel combustion
	    0 MW


Demand Management and Efficiency


The cheapest source of non-conventional energy is most often conservation, referred to as “negawatts,” or power production saved through efficiency and demand management programs. An 11% reduction in power demand by 2025 through demand management programs is very realistic in Costa Rica. There are a number of demand management programs that could be undertaken in Costa Rica, such as load management, real-time pricing and industrial and appliance standards. 

Demand management, especially focusing on reducing peak load, can significantly reduce utility spending on new capacity. Costa Rica has had good results with Load Management programs in the past. In 1987, ICE was facing a very similar situation as the current electricity crisis. It was cash strapped, unable to make new capital investments, and was facing rapidly increasing power demand. The country faced imminent power shortages.  In 1988, with technical assistance from USAID, ICE undertook a short-term load management pilot project to reduce peak loads. The project targeted large commercial and industrial clients with consumption levels higher than 20,000 kWh. In just one year, the 18 companies in the program were able to reduce their peak evening load by an average of 19% at almost no cost, using low tech changes in their activities.  The payback period for the whole group was less than 2 months. The study concluded that if the program were extended to the entire commercial and industrial sector, demand could have reduced by 17.2 MW conservatively, or almost 3% of the total system peak.  ICE also benefited from the project through deferred costs of generation and new capacity, estimated to have an annualized value of $154,656 net of reduced revenue from lower demand billing. 

Because of these very positive results, in 1990 MINAE and ICE carried out a follow up Power Sector Assessment. The Assessment concluded that demand-side management programs, load management and energy conservation, could provide peak demand savings of 12% of total forecasted peak, and increase ICE’s income by $103 million over a 15 year period.
 


New efficient technologies would increase these savings. Costa Rica could undertake programs similar to those in Japan and Canada referred to as “top-runner” which require all companies to adopt the best practices in the industry.  The country could also pursue strong appliance standard initiatives. 


New metering technologies also allow for real-time pricing which can significantly lower peak energy demand. Real-time pricing is a utility rate structure in which the per-kWh charge varies based on the utility’s real-time production costs. Peak time plants are more expensive to run than baseload, so the peak time price is higher. In a recent pilot project in California, a utility installed 23,000 real-time meters for large customers at a cost of $35 million. In response, summer peak demand by those customers dropped by 500 MW under time-of-use pricing, which would allow the utility to avoid $250-300 million in capacity additions.
  

In Costa Rica, in 2005 the CNFL began to offer a new rate structure similar to a real-time pricing scheme, that is based on the marginal costs of electricity throughout the day. Under this rate scheme, kWs cost more than the average per kW price during peak demand times, morning and early evening, and less than the usual per kW price during the night and midday. Customers can choose this rate schedule if they believe it will save them money.  Results of the program have not been published yet.

Demand-side Management programs will be the quickest and cheapest method for Costa Rica to meet its imminent electricity shortages. As noted above, an assessment study in 1990 concluded that the country could have reduced peak demand by 213 MW in 2005 if it had pursued demand management initiatives,
 this amount would have more than made up for the 120 MW missing from the delay in the Garabito diesel plant. The Costa Rican electricity system is well structured to enact efficiency measures because ICE does not struggle with split incentives. Unlike private utilities, the state utility does not have an incentive to sell more power. The mandate of the public company is to provide the public service of electricity as cheaply and efficiently as possible, not to make a profit through selling power. 

Wind Power


Wind energy is presently the most promising alternative technology in terms of cost competitiveness. Cost per kilowatt hour depends significantly on each project; the size of the wind turbines, wind velocity, etc. However, costs have been achieved as low as 2 -3 cents/kWh compared to 3-4 cents/kWh for coal generation.
 Though when comparing any cost figures it is important to realize that the costs of renewables are dependent on the specific parameters of each project and do not include benefits from additionality or externalities discussed above. One U.S. report found the benefits of a 100MW wind farm to be 1.75-2 times the direct expenditures.
  Moreover, wind power is one of the fastest growing energy technologies in the world and is expected to continue to grow 15-20% annually through 2020. The industry and technology have become mature and costs have declined by 12-18% with each doubling of global installed capacity.
 In 2003 worldwide installed wind capacity reached 39,294 MW an increase of 26%.
  



Wind power provides a very promising energy source in Costa Rica because the windy and rainy seasons are counter-cyclical; wind and hydro generation can complement each other in the integrated management of the country's generation resources. When the country’s wind turbines are producing electricity, ICE is able to slow down or avoid using water from their hydrologic reservoirs, especially Arenal dam, saving the water for peak generation needs.

The first wind farm in Central America was constructed in Costa Rica in 1996 by a private company, Plantas Eólicas, S. R. L. According to Mesoamerica Energy, which now owns Plantas Eólicas, the wind plant has been operating during its 10 years at a plant capacity factor of no less that 40% of rated power, which is outstanding for a wind park.  Average wind speed in this area is 26 MPH.
 There are now four wind plants in Costa Rica, three private which all received funding through Joint Implementation and one constructed by ICE, all in the Tilaron area of Guanacaste. The capacities are 19.8 MW, 6.4 MW and two at 20 MW.  CNFL, JASEC municipal company, SAREC energy systems and Coopenguanacaste are presently developing plans for wind farms in other areas of the country.
  


A significant barrier to wind power development is the disruptive effects that the wind’s inconsistency can have on the entire grid. For this reason, the law in Costa Rica limits the total participation of wind energy to 6% of installed capacity. However new technology advances have overcome some of these technical hurdles. A recent study suggests that system integration costs are not significant when wind power is under 10% of total capacity.
  Even given these limitations, wind energy could play a much larger role in Costa Rica’s expansion plan, especially because the wind blows most consistently during the dry season when electricity shortages result from decreased hydroelectric power. A new comprehensive wind energy potential study is needed in the context of the newest technological developments. The only national study of wind potential in Costa Rica was conducted in 1985 and estimated potentials at only 600 MW. The dramatic pace of wind technology development over the past twenty years renders this figure meaningless. 

Biomass


Costa Rica has plentiful sources of biomass energy, including municipal wastes, agricultural and industrial wastes, and numerous potential energy crops. There are four main techniques for making use of biomass resources; combustion, gasification, anaerobic digestion to produce methane gas and biodiesel or biogas fuel production. All of these techniques have been used or are feasible in Costa Rica. The gasification process converts any carbon-containing material into a synthesis gas composed primarily of carbon monoxide and hydrogen, which can be used as a fuel to generate electricity or steam or used as a basic chemical building block for a large number of uses in the petrochemical and refining industries. Gasification adds value to low- or negative-value feedstocks by converting them to marketable fuels and products.


Throughout the 1980’s and 90’s, in Costa Rica a number of industries used waste products for their electricity generation. From 1978 – 1984, the National Cement Industry used walnut shells for heat production. In the mid 80’s the corn industry experimented with biodiesel production and used waste corn products in the drying plant. Some brick plants also used sawdust as a petroleum alternative but shifted to diesel in 1995.  Rice husks are still used by the majority of rice producers for drying rice. In the period from 1999 – 2000, approximately 50% of rice factories used solely rice husks as fuel, while an additional 27% used a mix of rice husks and petroleum. All of these waste products could also be used to fuel electrical generators. Other possible biopower agricultural wastes sources include coffee husks and undergrowth and wastes from African palm production.
  


The most well used and perhaps most promising source of biomass power in Costa Rica is sugar cane waste. El Viejo, one of the largest sugar cane producers in the country is presently contracting with ICE to produce about 4 MW in 2009. However, El Viejo could produce as much as 25-26 MW if it were not limited by Law 7200. Jose Alvaro Jenkins, managing director of El Viejo, estimates that the four largest Costa Rican sugar factories could produce as much as 120-130 MW.
 A Columbian co-generator has figures of costs at $0.01/kWh for sugar cane waste production.


Production of devoted energy crops for combustion or biofuels is another possible biomass power source. Plantations of fast growing tree species could be a promising source. LAICA, Costa Rica’s Agroindustrial League of Sugar Cane Producers, has extensively researched ethanol fuel production from sugar.
 Indeed, from 1980-1983, Costa Rican used a sugar based ethanol gas mixture throughout the country. However, production of ethanol stopped as world petroleum prices fell and sugar prices rose.  The African palm industry has a pilot project using biodiesel from palm oil in electric generators. However, from a total energy system perspective, energy crops that produce liquid fuels are better used as transportation fuel substitutes instead of power production.
 Existing diesel and bunker generation plants could be adapted to use biodiesel fuels. 

Finally municipal waste can be burned directly in generators. Methane gas can be collected from dumps for combustion. Presently, one such project exists in Costa Rica. The Rio Azul methane waste plant developed by CNFL and managed by SARET energy systems produces 3 MW. As mentioned above under carbon financing, landfill waste generators present very interesting opportunities for carbon financing as much as 15% of project financing.

Geothermal


Costa Rica lies on a line of volcanoes. The country built its first geothermal plant in 1994 and now has the world’s 10th largest geothermal electricity capacity. It exploits 157 MW of an estimated total geothermal capacity of 865 MW.
 Two new 35 MW plants will be constructed under ICE’s recommended plan in 2011 and 2012. 


Geothermal electricity can be very cost competitive with conventional energy sources. A California study quotes prices of $.47/kWh for flash geothermal electricity and $.76/kWh for binary geothermal a technology used for lower enthalpy geothermal resources.
 New technologies are rapidly developing to make use of less concentrated geothermal energy. 

The key barrier to further geothermal production in Costa Rica is the location of the most concentrated sources within national park boundaries, whose legal parameters prohibit development. Two directions for geothermal energy development are possible in Costa Rica; 1) developing low enthalpy sources outside of park boundaries, or 2) creating flexibility within the national park legal system to allow for low impact geothermal exploitation. Examples exist in New Zealand of geothermal plants coexisting with national parks to such an extent that the electricity plant itself becomes an attraction. 


The history of geothermal development in Costa Rica presents important lessons and examples for the development of other renewable technologies. In 1984, a geophysicist from ICE attended the UN Geothermal Training Programme of the United Nations University in Iceland. The goal of the program, which is still running, was to assist countries with significant geothermal potential to build-up groups of technical experts. Forty-four professionals from five Central American countries and Mexico have attended the program including 11 Costa Ricans, some of whom continue to lead geothermal development at ICE.
  Similar programs could and should be established to train technicians in other energy technologies, a program on wind power in Denmark for example.
Solar

Solar energy can be harnessed either directly through thermal concentration to produce steam for generators or through photovoltaic panels. Recently, thermal solar power has become more economically attractive with extensive research and successful pilot projects particularly in Israel. Photovoltaic power, however, in most cases remains prohibitively expensive on a large scale, though prices have declined on average 4% per year over the past 15 years.
 Grid-connected solar PV has been the fastest growing energy technology in the world with an average annual growth rate of 60 percent between 2000 and 2005.
 In Costa Rica photovoltaics are used in rural areas where grid connection is prohibitively expensive. ICE also has a pilot photovoltaic project. 

The most promising utilization of photovoltaic cells in Costa Rica may be thin-film PV which can be imbedded in building materials, such as roof tiles and windows. For large buildings the adverted cost of building materials makes these systems economically viable. Nanosolar, a California-based company, recently announced breakthroughs in thin-film solar production that will reduce its solar panel costs to one-fifth to one-tenth current panel prices and will allow the company to manufacture plastic sheets coated with the PV particles so that they can be incorporated into roof tiles or building glass.
 

The most economic application of thin-film building technologies would require ICE to adopt a “net metering” scheme. Net metering allows a two-way flow of electricity between the electricity distribution grid and customers with their own generation. When a customer consumes more than it generates, power flows from the grid and the meter runs forward; when the customer generates more power than it consumes, electricity flows into the grid and the meter runs backwards. This system allows customers to receive retail prices for the excess electricity they generate at any given time.  Net metering can improve system load factors, especially solar, which produces electricity during morning and early evening peak load periods. Net metering systems are now used extensively in the U.S. and Europe. Thailand has recently adopted a net-metering policy.
 


Solar hot water heaters present another promising technology that could be used in Costa Rica. Solar hot water shows the greatest future potential among all renewable technologies.  In 2006, Spain passed national legislation mandating solar hot water for most new buildings and renovations. The market is already huge in China, with costs just a fraction of those in Europe. 
 Costa Rica also has a small solar water heater manufacturer and solar water heater research is ongoing at the National University solar laboratory.


The National University’s solar laboratory works on small scale solar project research.  Researchers at the solar lab have completed comprehensive studies on the average solar radiation in Costa Rica for each month and area.
  Unfortunately this information has not been well utilized. Collaboration between the solar lab, ICE and private industry should be encouraged to take advantage of the growing opportunities for solar industry in Costa Rica. 

Ocean Energy

The oceans contain a huge amount of power; theoretically many times more than all of the current global demand.
 But accessing this energy raises challenges. Currently three tidal power stations are in operation as commercial plants, adding up to 260 MW of capacity.
 A number of countries, led by the UK have also been prototyping wave energy plants. Three recent studies estimate that electricity costs for oscillating water columns can be achieved around 12 cents/kWh under best conditions. These prices have yet to be proven in a commercial plant.
 The IEA predicts that wave energy will not be economically competitive for at least the next 20 years, but some engineers are more optimistic. The economics of some of the current technologies are promising, and as more governments dedicate money to research, development and deployment of these technologies the prices will drop. General Electric, Norsk Hydro of Norway and Eon of Germany have recently pledged money for projects and investments in marine energy companies.
 With its long coast lines Costa Rica has extensive access to ocean energy. In the near future wave energy may present interesting opportunities for the country to demonstrate prototypes and partner with wave research institutions.
Barriers to the implementation of renewables in Costa Rica


Many of the documents from MINAE demonstrate an intention to develop more renewable energy and an awareness of the benefits these technologies present. As previously noted ICE, MINAE, private companies and the National University have conducted a number of studies and pilot projects in alternative energy technologies. However, there is a gap between intention and action and from small to large scale. During my research, including interviews with members of ICE, the government ministries, and the private sector, I identified the following limitations within the electricity sector in Costa Rica which restrict the development of alternative energy sources: 

Lack of experience and capability with non-conventional renewables

For more than fifty years, ICE has predominantly been involved in hydroelectric production. They have developed back up fossil fuel plants and a small amount of geothermal electricity. Perhaps for this reason, the planning department at ICE demonstrates a lack of awareness of the newest alternative energy technology development. Without research, they have disregarded alternatives as economically infeasible. ICE’s Expansion Plan argues that the most promising non-conventional renewable technologies are three times more expensive than conventionals and will take at least 20 years to mature.  The Expansion Plan states that renewable energy projects, like hydro and geothermal, present higher construction and operation.


Inaccurate perceptions is a common barrier to renewable technologies.  Common perceptions of renewable energy among policymakers, business leaders, and the public still lag far behind the reality implied by the current investment and market trends.  Eric Martinot, of the Renewable Energy Policy Network for the 21st Century, recently completed a study that identified ‘lack of utility acceptance’ as one of the key barriers to renewable energy.   “Proven, cost-effective technologies may still be perceived as risky if there is little experience with them in a new application or region… Utilities may be hesitant to develop, acquire, and maintain unfamiliar technologies, or give them proper attention in planning frameworks.”
  The World Bank has also noted that “borrower commitment” for renewables is constrained by a lack of familiarity with renewable energy technologies, lack of understanding of the costs and benefits, and perceptions of increased risk.
 


ICE also seems to be caught in the “bigger is better” mentality which precludes many of the distributed generation alternative energy technologies. ICE may perceive distributed generation as risky because of possible loss of political control over the electricity business and inaccurate perceptions of negative impacts on the integrity, safety and quality of the grid.
 
Lack of communication, trust, and coordination within the sector

There is a disturbing lack of communication within ICE itself; between the strategic planning, operational planning, and research and development components. For example, more than two years after its completion, most members of ICE’s alternative energy research and development division had not been informed of Planning’s Development Plan of New Sources of Generation, Renewable and Non-Conventional. Moreover, when Planning develops the PEG they do not consult Research and Development. The head of Planning argued that other departments could comment after the document was published; but there is no formal method of communication or consultation. When asked about the lack of attention to alternative energy in the PEG, the head of Planning claimed that Research and Development is responsible for new technologies and that only proven technologies are included in the PEG. A catch 22 results: because alternative energies are not in the PEG, alternative energy R&D does not receive adequate funding, Planning continues to consider them infeasible. 


The incongruencies between the ICE’s Expansion Plan and MINAE’s National Energy Plan demonstrate an alarming lack of coordination between ICE and the Ministry. Employees of MINAE complain that when the National Energy Plan is created, ICE is represented by the head of Planning, not the President of ICE, whereas, all of the other ministries are represented by the Minister himself.  Employees of MINAE feel that this is demonstrative of ICE’s dismissal of the authority of MINAE and the PNE.


The private generators and public institutions within the energy sector also do not trust each other.  Private generators complain that ICE and ARESEP are biased against them. But ARESEP retorts that the problem stems from private industry’s foot-dragging and refusal to reveal their operational costs as required by law.  Some employees within ICE contend that private companies are paid too much for electricity production. The private sector, on the other hand argues that they are not paid enough for their investment risks. The recent gridlock in the Special Commission to Reform ICE exemplifies all of these many layers of distrust and miscommunication. 
Lack of monitoring and enforcement system in the National Energy Plan

Very few of the objectives and goals set by MINAE’s National Energy Plan have been met. Most actors in the energy sector, including ICE, dismiss the National Energy Plan as a “general guide,” rather than a document with any policy importance or enforcement.

Inadequate Planning Tools

The computer modeling system used by ICE’s planning department to determine least cost generation scenarios was designed to generate hydro scenarios with fossil fuel back up, which obviously limits the amount of planning for alternatives. Moreover the least cost analysis used by ICE does not include environmental or social externalities, or factors for fuel risk or volatility. This fact signals a greater failing in the field of resource economics and electricity planning, but ICE could research more comprehensive cost analysis tools and planning methods.

Legislative Limitations

The most direct legislative limit to renewable development is the 6% legal limit for wind generation, but many actors in the energy sector argue that legislative limits on private participation, i.e. 15% participation, 20 MW plants, as well as ARESEP’s rate schedules, limit the development of alternative energy in Costa Rica. The legal environment does not encourage innovation in the electricity sector. At the same time the institutional structure within ICE, with the appointed president and board of directors results in a directing body with more political ties than technical expertise. This structure has been a major factor in recent controversy and corruption scandals within ICE and the legislature. Restructuring ICE and allowing increased private participation and freer markets could meet growing energy demands with more diverse and renewable solutions than the present monopoly has allowed. 

Lack of appropriate funding mechanisms

ICE is currently facing serious funding challenges. The Costa Rican legislature requires ICE to use an accounting method that considers investments in new plants as expenditures that must be balanced by current income. In this system the government also claims yearly profits. This is an inappropriate accounting system because power plants, especially capital intensive renewable energy plants, need many years to recuperate investment costs. ICE is investment starved. It is not allowed to receive loans from international banks, despite its excellent credit rating.
 These funding limitations force ICE to prioritize activities in the following way: 1) operation and maintenance of present system; 2) expansion of generation in the cheapest possible way; 3) research and development of new technologies. Research and development is short changed. Because ICE has experience and capability with hydroelectric and because fossil fuel plants are cheaper to construct, these are the options they pursue. Alternative energy gets left behind.

Lack of public understanding and participation

The public does not have a complete understanding of the costs and benefits of various electricity generation methods. For this reason, ICE’s planning department claims that geothermal exploitation in National Parks is impossible and building fossil fuel plants creates less opposition than hydro power. At the same time ICE has an active policy of secrecy with planning documents and environmental impact reports. On a number of occasions I have been unable to access information, particularly on large dam projects. The reasoning as explained to me is to protect against environmental and social activist organizations that might misconstrue information and halt necessary projects through popular protests. However, the policy is obviously ineffective as the public is already well aware of these polemic projects. The policy simply creates distrust. ICE’s information void is filled with conspiracy theories of impending environmental destruction and social injustice. 
A national conversation on these topics must be initiated. Consumers must understand that there are always cost and benefit decisions to be made to meet their lifestyle requirements. Armed with greater information citizens can make better decisions about what kinds of electricity generation they prefer. A freer market might also allow consumers to demonstrate their preferences. A dialogue needs to be opened about the role of private industry and ICE’s accounting methods. Unfortunately, the government’s recent disbanding of the Special Commission to Reform ICE has strengthened this barrier. This is an unfortunate decision as all of these stakeholders should, and will, have a voice in the energy planning process, whether in a commission or on the streets. 

Strategies for Overcoming Barriers

National Level Strategic Commitment to Alternative Energy


The Costa Rican government should commit itself to a fossil fuel free energy sector by 2020. This goal is well within the country’s capabilities, and would help Costa Rica to achieve its other national goals including environmental sustainability, security, and local job creation. Costa Rica is already a world leader and symbol of environmental protection. It is often called the “Sweden of Central America.”  It would be especially fitting for Mr. Arias to meet Sweden in its pledge to eliminate dependence on fossil fuels by 2020. 


Costa Rica finds itself in a period of considerable political and economic upheaval: a new administration was just elected; the Central American Free Trade Agreement is poised to be ratified by the legislature; the Central American Wholesale Electricity Market will come into force in 2008.  Costa Rica’s energy policy must keep pace with the dynamic changes underway within the global energy sector, as well as reflect the country’s social, economic and environmental priorities.  The legislature’s current commitment to the Law to Strengthen and Modernize ICE demonstrates that the government recognizes the need to update the energy sector’s regulations. As President Oscar Arias defines the goals of his administration, he should seriously consider announcing the energy sector’s intention to achieve independence from fossil fuels by 2020.


Many national and international organizations stand ready to work with Costa Rica to achieve this goal. The Natural Resources Defense Council, an internationally renowned environmental law and science organization, wrote Mr. Arias a letter on his inauguration, pledging their expertise and entrepreneurial contacts in order to help achieve a fossil fuel free Costa Rica.  

Create a realistic National Energy Plan with a strong monitoring and evaluation system

The National Energy Plan should be enforceable and have a clear plan for monitoring and regular evaluation. ICE needs to undergo a similar internal process of building communication between departments, in particular methods for direct consultation and involvement in the creation of the Generation Expansion Plan from all departments within the company, especially Research and Development. ICE’s Expansion Plan should be guided directly by MINAE’s National Energy Plan and should include projects for alternative energy research and development, so that alternative energy development is funded appropriately. One initiative underway at ICE is the creation of a coordinating position who will ensure ICE’s compliance with the National Energy Plan. At the same time MINAE and/or ICE should create a mechanism to receive complaints and assure compliance with commitments.
Cultivate communication, trust, and coordination within the energy sector


The electricity sector must fulfill its stated goal of biannual meetings.
 The precedent could begin this year with a small meeting of primary actors to draw up a workable plan to achieve fossil fuel independence by 2020 and announce this national goal. These meeting should including MINAE, and the president of ICE, along with the heads of ICE’s Planning and Research and Development groups, and private industry. The meeting should review the most recent National Energy Plan to identify what has and has not been accomplished. Participants should also consider why many of the goals set by the current National Energy Plan have not been achieved and create an enforceable plan with a strong monitoring system. 

A second larger conference could be planned with all power sector stakeholders, including universities and civil society to further discuss a strategic plan for fossil fuel independence with an emphasis on creating better methods of communication between actors and taking advantage of the expertise already available within the country. To this same end, the Mixed Commission to Reform ICE should be reinstated. If gridlock persists, better facilitation should be sought rather than disbanding this vital vehicle for participation and transparency in energy policy. These meetings can begin a national conversation about the pros and cons of various generation technologies and create transparency in electricity policy. At the same time ICE should adopt a full disclosure policy and invite dialogue from stakeholders from the initial stages of project planning.

Build Alternative Energy Capacity 

ICE, MINAE, national universities and other important organizations need to build understanding of and capabilities with the newest alternative energy technologies. They should adopt a policy of hiring and training engineers in these new fields and educating employees on the newest technologies through workshops, international partnerships and consultants. ICE should organize seminars on the subject of alternative energy sources so that target groups within MINAE and ICE have a clearer updated understanding of new energy technologies. 

In depth studies of site specific resource potential should be performed in collaboration with universities and the private sector. With these updated studies ICE can adequately analyze the costs and benefits of actual and potential energy sources. With this information ICE should establish a database on alternative energy sources and provide easily accessible information to citizens and businesses about the impacts of energy choices and ways to reduce demand through conservation and efficiency.

Research or develop more comprehensive least cost scenario models 


ICE should employ a new modeling system for least cost generation scenarios. This model must have the capacity to include renewables and incorporate external social and environmental costs and benefits, giving weight to factors such as local job creation and fuel price volatility. ICE should adopt full-cost accounting analysis in relation to all energy related policy, especially major infrastructure and electricity generation decisions in order to weigh the true costs and benefits of energy activities. Models from other countries, of similar size and political structure with an emphasis on alternative energies, such as Denmark and Iceland may be good examples. Many organizations are currently working on full cost models.  The Energy Technology Systems Analysis Programme (ETSAP) of the International Energy Agency has developed the MARKAL modeling technology.
  International Institute for Applied Systems Analysis (IIASA) is also working on a number of energy modeling systems. The most relevant is MESSAGE - Model for Energy Supply Strategy Alternatives and their General Environmental Impact.
 ICE could research and develop contacts with these organizations among others. 
Update the legal and regulatory setting

Many analysts agree that success in creating a market for renewables is contingent on private sector involvement.
 Private companies can take greater risks and tend to be able to create new plants more quickly than the bureaucracy of ICE allows. ICE and MINAE should continue to play a central guiding role in the electricity sector, but their role can shift towards regulation rather than monopoly generation. 


Privatization, however, is not a panacea. A recent U.N. report comprehensively compared the electricity markets in Central American countries to assess the impacts of liberalization; during the 1990’s Panama, Nicaragua, El Salvador and Guatemala all undertook some form of deregulation, while the Honduras and Costa Rica governments retained monopoly control of their power sectors. During the study period, Costa Rican consumers continued to have the lowest electricity tarriffs and the highest electrification coverage in the region. The study also concluded that only Costa Rica maintained acceptable levels of technical and non technical electrical losses in the region, and only Costa Rica continued to increase renewable energy sources over the past decade.
 

Clearly ICE, as a state company, has successfully provided high quality power services to the country. And for this reason, ICE and the government should maintain a strong regulatory role, but they should allow for more legal flexibility to sustainably meet Costa Rica’s growing energy demands. One employee from ARESEP suggested easing the restrictions of law 7200 to allow for a case by case analysis rather than radical change in the legal setting. Indeed, international experience shows that government participation in the early stages of renewables market development is critical in creating a favorable legal framework, adequate institutional support, and setting long term goals. 
Create appropriate accounting and new funding mechanisms


The current accounting system for ICE was imposed by the IMF during the debt crisis decades ago. It needs to be updated so that the company can invest profits and apply for loans to construct new projects and increase research and development budgets. ICE should be restructured in a private business model to regain its political and accounting autonomy.  Other funding mechanisms and partnerships should be explored such as the Kyoto Protocol’s Clean Development Mechanism and bilateral partnerships.

Conclusion 


Alternative energy technologies, namely solar, wind, biomass, and geothermal, are under-utilized in Costa Rica’s energy sector.  Many of these technologies are cost-competitive in the Costa Rican context. All of them are economically viable when life-cycle social and environmental costs are considered. In the next 20 years Costa Rica can and should eliminate its reliance on fossil fuels. Today Costa Rica generates 98% of its electricity with renewable resources. This is a commendable fact. However, if the country follows ICE’s present Expansion Plan, they will move to 17% fossil fuel generation causing environmental, security and price crises in the future. Unfortunately, the planning department at ICE is unfamiliar with recent developments in renewable energy technologies and believes that increasing alternative energy over the next 20 years is economically impossible. Cleaner technologies are being held back by entrenched technology biases.


The 2000 World Energy Assessment reports that “there are no fundamental technological, economic or resource limits constraining the world from enjoying the benefits of both high levels of energy services and a better environment… if only governments adopt new policies to encourage the delivery of energy services in a cleaner and more efficient way.”
 Costa Rica can adopt such policies by committing itself to a national strategy for renewable energy implementation. Creating a fossil fuel free energy system in Costa Rica by 2020 is not unattainable. All that is needed is visionary and practical leadership that establishes clear goals that all actors in the energy sector, ICE, MINAE, private industry and consumers, can work towards together; goals that will both decrease overall energy demand and increase new alternative energy sources. As fossil fuel prices continue at historically high levels, the effects of global climate change become more apparent and the alternative energy market begins to take off, Costa Rica should seize this moment of crisis and opportunity: now is the time for Costa Rica to continue its international role as an environmental leader and commit to a fossil fuel free energy future.
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