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Feed-In Tariff: An Effective Policy To Deploy Renewable Energy Technologies



Carlos Rymer Cornell University May, 2008



Executive Summary Peak oil and climate change have become major problems for society. The increasing price of oil and the effects of climate change are significantly burdening the world’s pursuit of economic growth. As a result, the world is quickly moving away from fossil fuels and taking advantage of renewable sources of energy. With a fast-growing renewable energy industry, it is possible for the world to significantly reduce its dependence on fossil fuel this century and reduce or even eliminate greenhouse gases. To deploy renewable energy technologies, the feed-in tariff has risen as the most effective policy to equitably and efficiently promote renewable energy development. This is particularly true for countries highly dependent on oil imports, such as small island states. As the world shifts its transportation infrastructure to electricity-based energy, renewable electricity promoted by feed-in tariffs will become more important. Already spreading around the world rapidly, the feed-in tariff therefore has the potential to be one of the key policy tools used to shift the world’s energy mix away from fossil fuels and to renewable energies to address energy security, climate change, and economic growth.
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Peak Oil and Climate Change: Motivators for Renewables Peak Oil One of the greatest challenges confronting the world today is the increasing price of oil as a result of total production peaking to a maximum level. Peak oil, first introduced by Colin Campbell at the Association for the Study of Peak Oil and Gas, refers to “the maximum rate of the production of oil in any area under consideration, recognizing that it is a finite natural resource subject to depletion.”1 A peak in oil production is accompanied by an increase in the price of oil as demand increases but supply decreases. Peak oil does not mean that total global oil reserves are being depleted, but rather those reserves are now half of their original volume and therefore production will decline as reserves are used up. According to studies conducted by the International Energy Agency and special commissions appointed by many governments, including the United States, peak oil is scheduled to happen any time between 2008 and 2030 (see comparisons below).2 As increasing energy demand pushes oil prices to higher levels, economies across the world will see significant negative impacts. Studies have shown that oil consumption and prices have a direct relationship with global GDP growth. As a commodity used to generate electricity, provide transportation, and create useful products ranging from rubber to plastics to food, increases in the price of oil can lead to inflation and reduced economic growth. Oil has affected society in various ways and is a vital part of industry, agriculture, and society in general. Today, many economies are largely



1



Aleklett, Kjell. 2007. Peak Oil and the Evolving Strategies of Oil Importing and Exporting Countries. Joint Transport Research Centre. 2 Aleklett, Kjell. 2007.
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dependent on oil sales, while others depend on oil for foreign exchange or as the main imported energy source.3



Source: The Association for the Study of Peak Oil4



Source: Energy Information Administration5 3



Youngquist, Walter. 1999. The Post-Petroleum Paradigm – and Population. Population and Environment 20 (4). In: Koppelaar, Rembrandt H.E.M. 2005. World Oil Production and Peaking Outlook. Peak Oil Netherlands Foundation. 4
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The prospect of increasing oil prices creates challenges for oil-importing countries that cannot be easily met without substantial infrastructural and policy changes. Alternative sources of energy must be developed quickly to relieve economies of the negative impact of higher oil prices. With the price of a barrel of oil now surpassing $100, many oil-dependent countries are feeling the impacts that high oil prices have on price indices, consumption, and economic activity. Many countries are moving quickly to increase energy efficiency and conservation and replace oil imports with natural gas, coal, biofuels, or renewable electricity. While coal is not expected to peak any time soon, natural gas production is expected to peak in the 21st century and coal prices have been increasing due to increased opposition to new coal-fired power plants and its increased use in countries like China and India. As a result, peak oil has become a key motivator for a shift to renewable energy.



Climate Change The science is now conclusive. Climate change is largely caused by man-made fossil fuel emissions and the consequences of inaction will be severe to the global



economy,



if



not



catastrophic.



The



Intergovernmental Panel on Climate Change, the world’s authority on climate science, has affirmed in its Fourth Assessment Report that the increase in the global mean temperature observed over the last few



“Warming of the climate system is unequivocal, as is now evident from observations of increases in global average air and ocean temperatures, widespread melting of snow and ice, and rising global average sea level.” - IPCC 2007



decades is a main result of the increasing atmospheric concentration of greenhouse gases resulting from fossil fuel combustion, agriculture, 5



EIA. 2004. Long Term World Oil Supply. http://www.eia.doe.gov/pub/oil_gas/petroleum/feature_articles/2004/worldoilsupply/oilsupply04.html.
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deforestation, and other human activities. The observed increase in the global mean temperature of about 0.7⁰C has already affected major biophysical systems, including glaciers, the polar ice caps and ice sheets, mountain ecosystems, agricultural systems, ocean systems, storms, and forests.6 The projections for the 21st century by the Intergovernmental Panel on Climate Change (see figure below) include a rise in the global mean temperature of 1.8-4.0⁰C; a rise in sea level of 0.18-0.59cm; significantly lower snow cover; a dramatic decrease in sea ice extent and complete disappearance during the summer months; significant increases in thaw depths in permafrost regions; an increase in the frequency of hot extremes, heat waves, and heavy precipitation; an increase in tropical storm intensity; precipitation increase in high latitudes and decrease in subtropical regions; lower water availability in dry and semi-arid regions of the tropics and mid-latitudes; and dramatically increased species extinction levels. These biophysical impacts are expected to severely impact human health, agriculture, coastal activities and infrastructure, and necessary natural resources.



6



IPCC. 2007. Summary for Policymakers of the Synthesis Report of the IPCC Fourth Assessment Report. UNFCCC.
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Source: Intergovernmental Panel on Climate Change7 More



recent



observations



have increased the likelihood of significantly higher sea level rise. In the summer of 2007, the U.S. Snow and Ice Data Center concluded that Arctic sea ice extent was about 20% lower than 2006, increasing the likelihood that Arctic summer sea ice



could



Observations



disappear from



by the



2020. Arctic



Source: NASA



Climate Impact Assessment team also showed that the melting of the Greenland ice sheet was



7



Available at: http://www.epa.gov/climatechange/science/images/ipcc_scenario_prediction.gif.
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accelerating and that crevasses were opening up, allowing water to drain to the bottom of the ice sheet and lubricating it, which speeds up its movement towards the ocean. The same was observed in the West Antarctic ice sheet by the British Antarctic Survey. Together, these ice sheets have enough water to raise sea levels by 12 meters. These new observations have outpaced the most recent predictions and raised the possibility of sea level rising by up to 4 meters globally this century.8 Climate change is likely the largest threat the world economy faces over the long term. Adapting to the effects of climate change to which we’re already committed is important, but more important is ensuring that we minimize the risks associated with climate change impacts on the economy. The only way to accomplish that goal is to eliminate man-made greenhouse gas emissions. Fortunately, the solutions to these are becoming mainstream around the world.



8



Brown, Lester R. 2007. Plan B 3.0: Mobilizing To Save Civilization. Norton, W. W. & Company, Inc.
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Overview of Renewable Energy Sources Biodiesel Biodiesel is an alternative fuel produced from a renewable resource – vegetable oil – and with little price fluctuations as compared to petrodiesel, the petroleum-derived product widely used around the world. Biodiesel can be blended in any quantity with petrodiesel and used in any diesel-compatible engine. A blend of 5% or 20% is typically used initially to ensure proper performance. However, studies have confirmed that 100% biodiesel is perfectly usable as a full substitute to petrodiesel.9 Biodiesel also reduces carbon dioxide and other polluting emissions by more than 70%, according to a study conducted by the U.S. Departments of Agriculture and Energy. The fuel has also been found to improve engine performance and lifetime, giving significant benefits to users.10 Today, it is typically produced from corn, palm oil, rapeseed, and soybean, but new feedstocks are increasingly being used as well, including algae, Jatropha, and waste cooking oil. The production costs range from a low of $1.00 per gallon to a high of over $3.00 per gallon. Globally, approximately 2 billion gallons of biodiesel was produced in 2007. Almost 85% of biodiesel in the world is both produced and consumed within the European Union, which is due to legislation that requires that region to consume increasing amounts of renewable fuels to meet the targets of the Kyoto Protocol, an international treaty binding most industrialized nations to reducing their greenhouse gas emissions. Currently, only about 7% of the world’s



9



Canadian Renewable Fuels Association. Biodiesel FAQ. http://www.greenfuels.org/biofaq.php. Last Accessed: September 16, 2007. 10 National Biodiesel Board. 2007. Biodiesel Basics. http://www.biodiesel.org/resources/biodiesel_basics/. Last Accessed: November 12, 2007.
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biodiesel is produced outside of either the European Union or the United States, leaving very little competition in the developing world.11 The figure below shows the growth in biodiesel production in the period 2000-2005:



Source: Renewable Energy Policy Network for the 21st Century



Biomass Biomass is a primary source of energy for over 2 billion people around the world. It is easily available for the world’s poor and meets critical cooking and heating needs. In the best cases, biomass can be harvested sustainably to secure long-term supply and jobs. Biomass is derived from plant products, and can readily be used as a source of energy when burned or can be collected in large amounts for large-scale power production. In 2001, biomass energy accounted for 11% of the world’s total energy consumption, according to 2003 International Energy Agency’s energy status report. The regions with a large



11



REN21. 2008. Renewables 2007 Global Status Report. REN21 Secretariat and Worldwatch Institute.
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share of energy consumption derived from biomass are Africa, Asia, and Latin America. As a share of total renewable energy use, biomass accounts for more than half, with a large portion not going to transportation or electricity generation. Global biomass use is not expected to grow significantly over the next decade.12



Ethanol Ethanol is an automotive fuel derived from several plant products and other materials. It is an alternative to petroleum-derived gasoline and is increasingly being used around the world. It is typically derived from such feedstocks as sugar cane, corn, soybeans, and plant cellulose. Ethanol can be blended with gasoline and run on flex-fuel vehicles, which run on both gasoline and ethanol. Total world output of ethanol is growing rapidly due to particularly high oil prices. Globally, Brazil has led ethanol production since the 1970s, when the government began pushing large-scale production in response to high oil prices.13 The United States, which recently passed legislation that requires ethanol output increases rapidly, is also a major ethanol producer, although its market is experiencing criticisms due to food substitution for fuel and market price fluctuations due to an oversupply. The graph below shows the total ethanol output globally and by major ethanol producers. In 2007, about 44 billion liters of ethanol were produced globally with prices in the range of $1.50 and $3.00.14



12



Karekezi, Stephen; Lata, Kusum, Coelho, Suani T. 2004. Traditional Biomass Energy: Improving its Use and Moving to Modern Energy Use. International Conference for Renewable Energies, Bonn. 13 Moreira, Jose R. y Goldemberg, Jose. 1999. El Programa de Alcohol. Energy Policy 27: 229-245. 14 Renewable Energy Policy Network for the 21st Century. 2008.
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Source: Renewable Energy Policy Network for the 21st Century



Geothermal Geothermal energy is heat captured from the Earth’s core. In general, geothermal energy is used for space heating, water heating, or electricity generation. It is recognized as a renewable energy resource because the heat located at the core of the Earth is virtually inexhaustible as it is predicted to last billions of years even with human exploitation of the resource. Found almost everywhere around the world, good geothermal sites actually have to meet certain depth and heat energy criteria for cost-effective human use. In general, wells are drilled into the Earth’s crust to transport water at depths below the surface. Warmer water brings heat energy with it, which is then used for space heating or electricity generation. Geothermal heat pumps are also widely



12



used for both cooling and heating purposes, using the relatively constant temperature beneath the Earth’s surface as a source and sink of heat.15 Geothermal heating plants exist in over 76 countries, with most of the power capacity in industrialized countries such as Italy, Japan, New Zealand, and the United States. Geothermal for direct heat is the fastest growing use, with annual growth rates of 30-40%. Iceland leads the world in this area, with over 85% of its total space-heating needs met by geothermal energy. The typical energy costs range from US $0.04-0.07 per kWh for plants ranging in size from 1 to 100 MW.16 Although the potential is very large, geothermal currently supplies less than 1% of the world’s total energy needs, requiring significant investments in research and development for technology improvements.



Hydro Hydropower is electricity derived directly from the force of running water. Most of the world’s major rivers have been dammed to produce electricity from hydropower. Historically, it has been a very important source of electricity. Many regions of the world greatly depend on hydropower, both small- and large-scale, to meet its energy needs. While large hydropower has significant negative externalities (flooding, change in water flow dynamics, and other impacts), small hydropower has large potential for growth and is an important contributor to meeting energy needs.



15



Tester, Jefferson W. et al. 2006. The Future of Geothermal Energy: Impact of Enhanced Geothermal Systems on the United States in the 21st Century. Massachusetts Institute of Technology. 16 Renewable Energy Policy Network for the 21st Century. 2008.
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In 2005, hydropower represented 87% of all renewable power production globally. Most of that capacity comes from large hydro. As shown in the graph to the right, there is still a lot of potential for expanded hydropower capacity, particularly in Asia, where large hydropower projects have been developed or are currently in the planning or construction stages.17 The future of generating power from sustainable hydro is bright, but



Source: World Energy Council, 2007



considerable efforts and appropriate policies to reduce environmental and human impacts are required.



Ocean Energy can be harvested from the oceans and other major bodies of water in various ways. Wave energy is collected from the waves formed by wind blowing over the ocean’s surface. In many regions around the world, wave energy is consistent because of consistent winds. It is estimated that the total power of waves hitting the coastlines is around 2-3 million MW. Another way of harnessing energy from the oceans is through direct energy capture. In ocean thermal energy conversion, known as OTEC, energy is collected due to the large temperature difference between surface waters warmed by sunlight and cool deepwater. This is



17



Zupanc, N. et al. 2007. 2007 Survey of Energy Resources. World Energy Council.
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the most promising source of energy from the oceans, capable of providing more energy than all other forms of ocean energy and wind energy combined.18 The tides are another source of energy for human use. When the tides rise or fall due to the gravitational pull of the sun or the moon, water moves a significant distance, transporting kinetic energy that can be captured by turbines and converted to mechanical and then electric energy. Such energy capturing systems are similar to hydro, except water flows in both directions and can also be placed in deeper waters to avoid damming a water system. There are two commercial tidal energy plants in operation, one in La Rance, France producing 240MW of power and another in Annapolis Royal, Nova Scotia, Canada producing 16MW of power.19 Overall, ocean sources of energy have a large potential, but technologies are still undergoing research and development to bring down costs and optimize performance.



Solar Solar energy is one of the most promising sources of energy due to its abundance. Solar energy specifically relates to energy converted from sunlight to electricity or heat for human use. There are various solar energy technologies, prominent among them solar photovoltaic, solar thermal heating, and solar thermal power. According to the World Energy



18



“I’d put my money on the sun and solar energy. What a source of power! I hope we don’t have to wait until oil and coal run out before we tackle that.” - Thomas Edison, 1931



Minerals Management Service. No Date. Ocean Energy. U.S. Department of the Interior. Available at: http://www.mms.gov/mmsKids/PDFs/OceanEnergyMMS.pdf. 19 MMS. No Date.
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Assessment, published by the World Energy Council and divisions of the United Nations, there is enough solar energy to power the world several times over. Appropriate technological development could spur solar energy to become the main source of energy for society. In 2007 alone, the total installed capacity grew from 7.5GW to 11.6GW. The market for solar photovoltaic is growing at 50-60% per year, and emerging markets are opening up opportunities for further growth.20 Countries of strong development include California and other U.S. states, Germany, Japan, and most recently China and Spain. In terms of prices for solar electricity, they range between $0.15-0.30 per kW-hr, with some new technologies and improved market structure promising to cut costs by 40-60% within the next few years.21 The graph below shows the growth in total installed capacity globally for solar photovoltaic.



20



Renewable Energy Policy Network for the 21st Century. 2008. Division of Energy Efficiency and Renewable Energy. 2006. DOE Solar Energy Technologies Program: Overview and Highlights. U.S. Department of Energy.
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Source: Renewable Energy Policy Network for the 21st Century Solar thermal heating is also on the rise. In 2007, it grew from 103 in 2006 to 121 GWth, particularly with the expanding Chinese market.22 Solar thermal power has been growing more slowly, but may prove to be much more promising. Emerging companies are developing manufacturing plants and improving the technology to quickly deploy solar thermal power. In the United States, for example, companies are working to build large solar thermal power plants in the sunny deserts to generate over 1GW of capacity over the next few years at current market prices.23 At the end of 2007, there were 20 concentrating solar power projects either under construction, in planning stages, or undergoing feasibility studies. Countries of solar



22



Renewable Energy Policy Network for the 21st Century. 2008. Press Release. 2007. FPL Group plans to boost U.S. solar energy production. Available at: http://www.fplgroup.com/news/contents/2007/092607.shtml. 23
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concentrating power activity include the United States, Spain, Egypt, Mexico, Morocco, Algeria, China, India, and South Africa.24



Wind Wind energy is electricity generated from the wind using modern technology. Wind turbines, both onshore and offshore, convert the force of wind into electricity that can be distributed to consumers. This technology has more than 20 years in development and its market is growing rapidly around the world. Since its use in Europe for extracting underground water, wind technology has improved dramatically in terms of efficiency and cost.25 By large, wind energy receives the largest share of investments in renewable energy annually, growing at a rate of around 30% per year. In 2007, the total installed global capacity increased to 93GW from 74GW, with costs ranging from $0.04-0.08 per kW-hr.26,27 As with all other renewable energy technologies, wind is enjoying of an emergence of new markets that are providing key incentives for its deployment. It is widely expected that wind energy will meet a substantial portion of global electricity demand by mid-century just with current incentives. The graph below shows the increasing growth of global installed capacity for wind energy.



24



Renewable Energy Policy Network for the 21st Century. 2008. Teske, Sven, y Zervos, Arthouros. 2006. Global Wind Energy Outlook 2006. Global Wind Energy Council. 26 Renewable Energy Policy Network for the 21st Century. 2007. 27 UN Development Program. 2004. World Energy Assessment. United Nations. 25
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Source: Renewable Energy Policy Network for the 21st Century
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The Feed-In Tariff The deployment of renewable energy technologies around the world has been credited to financial incentives provided by governments in the form of direct and indirect subsidies (R&D, tax breaks, tax credits, etc.). With many renewable energy technologies still costing too much to compete with subsidized conventional sources of energy, the only way renewable energy markets have been able to grow at very rapid rates is through direct government incentives. While there are many ways of incentivizing investments in renewable energy technologies, few generate the same results of feed-in tariffs. Originating in Germany from a 1992 law called “feed-in electricity law” that resulted from an industry proposal to promote growth in the renewable energy sector, the Feed-In Law in Germany initially required utilities to connect renewable energy generators to the electric grid and buy their electricity (mainly solar and wind) at a rate of about 90% of the average cost to the consumer of the grid electricity. In effect, the law provides free access to the electric grid and feed-in rates at levels above the marginal cost in order to reflect the reduction in negative externalities of renewable energy technologies.28 Within six years, wind power capacity expanded from 20MW to 490MW. Solar began to grow more quickly, and the entire industry began to create chains for components and grow its political support through economic arguments. In the 1990’s, the feed-in law faced many challenges by utilities and government officials who wanted to lower support for renewable



28



Jacobsson, Staffan, and Lauber, Volkmar. 2006. The politics and policy of energy system transformation – explaining the German diffusion of renewable energy technology. Energy Policy 34: 256-276.
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energy, yet the public and private support behind renewable energy was enough to ensure the continuation of the feed-in law in Germany to spur renewable energy growth.29 In 2000, the German government approved the Renewable Energy Sources Act, which fixed many of the problems existing during the 1992 feed-in law. In 2004, the German Renewable Energy Sources Act was approved to enhance the incentive structure for renewable energy technologies. This law provided free access to the grid, priority over fossil fuel generation, a regressive tariff, and national equalization. The regressive tariff was guaranteed for 20 years under the law, with each new year of installations receiving a lower feed-in rate to account for innovation in renewable energy technologies. Under the equalization clause, the increased cost of electricity is passed on to all customers within the country, thereby placing the tariff on consumers by law. Below is a table that shows the different premiums, or feed-in rates, for each renewable energy technology in Germany:30



29



Jacobsson, Staffan, and Lauber, Volkmar. 2006. Muñoz, Miquel, Oschmann, Volker, Tabara, David J. 2007. Harmonization of renewable electricity feed-in laws in the European Union. Energy Policy 35: 3104-3114. 30
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Source: Muñoz, Oschmann, and Tabara in Energy Policy



By 2005, Germany was the world’s leader in wind power and solar energy, despite not having the best wind or solar resources in the European Union. Wind capacity was at 18,430MW, while solar capacity reached 1,400MWp in 2005. Germany also led the world in biodiesel production and in total renewable energy investments.
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Feed-in tariffs are designed to encourage development and prevent windfall profits. Tariff rates given to different sources of renewable energy are based on different factors. These include the following: •



Baste rate, which allows tariffs to be designed so as to provide reasonable rate of return to investors, similar to how regulated utilities have their electricity prices set. The tariff rates are based on production cost estimates or a basic premium over market electricity prices based on positive and negative externalities;



•



Project size and productivity adjustment; in the case of large projects that can benefit from reduced costs due to scale or projects with particularly good renewable sources, such as high wind speeds, rates are reduced to prevent large windfall profits and promote smaller projects;



•



Technology and experience, which provide governments a reason to reduce rates annually for all new projects to reflect improved technologies and practices;



•



Inflation, which allows producers to not be impacted by increases in factor costs; and



•



Innovation, which involves providing a higher tariff to businesses that develop better technologies.31 Feed-in laws are also designed to promote development of a variety of renewable energy



technologies. With such a design, different technologies and project sizes receive different rates, thus allowing for a diverse set of sizes and technologies to penetrate the electricity market. In addition, such a design allows for both small and large projects to be developed because of 31



Farrell, John. 2008. Minnesota Feed-In Tariff Could Lower Cost, Boost Renewables and Expand Local Ownership. The New Rules Project. Available at: http://www.newrules.org/de/feed-in-tariffs.pdf.
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similar return on investments, thus encouraging local ownership. This is something that most other policies, such as tax incentives, do not allow for because of differences in rates of return. Feed-in tariff therefore also encourage development of local economies and greater job creation due to localized projects. The feed-in tariff is also designed to guarantee reasonable, long-term return on investments. Under this policy, electricity producers lock in tariffs for a specific period of time. The time period can range from 20 years in the case of Germany to 12 years in the case of Portugal. Given this contracted time, utilities are required to purchase electricity generated from producers at the tariff rates over the time offered by the feed-in law. In addition, feed-in policies spread the cost of renewable electricity generation across all electricity users rather than individual users who specify a desire for a portion of renewable energy in their supply. In Germany, this has allowed electricity users to pay an average of US $2 per month in additional electricity costs. The feed-in tariff has been shown to be the most effective policy to deploy all renewable energy technologies. This policy promotes higher investment through long-term, locked incentives; provides equality for both small and large projects, which in turn promotes local ownership, local economic development, and the creation of more jobs; treats all renewable energy technologies equally to promote learning curves and cost reductions; and provides a fair payment structure where ratepayers and producers both cover the burden of the current additional cost of renewable energy technologies. Gaining popularity around the world, feed-in tariffs are set to spread even faster as oil prices continue to increase past the US $100 per barrel level and concerns about climate change escalate. 24



Additional Policy Options The deployment of renewable energy technologies for rapid and deep market penetration requires strong, long-term policy that guarantees the key incentives necessary to increase scale of production and reduce costs. In general, countries have very few options when it comes to implementing national policy to provide the necessary incentives for the deployment of renewable energy technologies. However, there are important policies that are also required to facilitate renewable energy deployment that do not fall under the broad national policies that governments today are focusing on. These include: •



Easing access to land and facilitating land conflict resolution;



•



Funding high levels of research and development of renewable energy technologies;



•



Providing consumer labeling standards;



•



Establishing net metering and grid interconnection standards; and



•



Subsidizing construction of transmission lines.32



Cap-and-Trade Cap-and-trade, or emissions trading, has been an important tool used around the world to reduce smokestack air pollution. Under a government-designed cap-and-trade program, emissions from selected sources are capped at certain levels, but the selected sources have the flexibility of finding and applying the cheapest ways of reducing emissions. Sources that cannot easily reduce their emissions can then purchase allowances from sources that can reduce



32



Smith, Douglas W. et al. 2002. Designing a Climate-Friendly Energy Policy: Options for the =ear Term. The Pew Center on Global Climate Change. Available at: http://www.pewclimate.org/docUploads/energy_policy.pdf.
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emissions more cheaply. In this way, specific reductions are met at the lowest possible costs by only targeting sources of emissions that can be addressed with the lowest marginal cost.33 In the United States, cap-and-trade has been used for major pollution reduction programs. These include the lead emissions trading program for gasoline implemented in the 1980’s, the acid rain program to reduce sulfur dioxide (SO2) nitrogen oxides (NOx) emissions from electricity sources in the 1990’s, and other Environmental Protection Agency trading programs implemented in the 1970’s to reduce widespread pollution. In general, cap-and-trade has been widely recognized in the past for its contribution to facilitating emissions reductions at the lowest possible cost to selected industries and enhancing rather than compromising environmental goals. Most recently, cap-and-trade has been implemented in the European Union to meet the goals of the Kyoto Protocol, an international agreement signed in 1997 and implemented in 2005 to reduce greenhouse gas emissions in 6 industrial sectors of participating developed countries.34 Under the cap-and-trade program, member countries of the European Union have different targets to meet depending on their economy’s size and their level of carbon dioxide emissions with respect to 1990 levels. In addition, countries are allowed to offset any emissions not reduced from developing countries although they are not participating in the cap-and-trade program. Cap-and-trade is advocated by policymakers as the main mechanism to reduce greenhouse gas emissions. Developed nations are proposing this policy option for the post-2012 33



Ellerman, A. Denny, Joskow, Paul L., Harrison, David Jr. 2003. Emissions trading in the US: Experience, Lessons, and Considerations for Greenhouse Gases. The Pew Center on Global Climate Change. 34 Pew Center. 2007. The European Union Emissions Trading Scheme (EU-ETS): Insights and Opportunities. Pew Center on Global Climate Change.
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climate change regulatory framework that will substitute the Kyoto Protocol. Nevertheless, there are several criticisms about using cap-and-trade as a broad national and international climate policy to reduce greenhouse gas emissions. Critics assert that for cap-and-trade to be effective, emission allowances should be auctioned to selected sectors rather than given at no cost. In this way, governments can collect revenues that can be used to alleviate any increase in energy prices and its effects on the economy. Another concern is that cap-and-trade, while effective to reduce sulfur dioxide emissions in the United States and elsewhere, would not work with carbon dioxide because the scale is over 100 times larger and there are no technologies for capturing and removing carbon dioxide from smokestacks as there exist for sulfur dioxide. The market price of carbon dioxide is another issue; in the European Union, this has been one of the major problems because the volatility of the price of carbon dioxide does not give investors a good benchmark against which to predict their future value of investments. Finally, it is argued that cap-and-trade programs are designed to leave out some sectors at a cost to consumers and are riddled with very obscure details approved during lengthy negotiations.35



Carbon Taxes Taxes on greenhouse gas emissions are similar to cap-and-trade in that a price is placed on the emissions to reduce their output levels and allow for the broader use of lower-carbon technologies and practices. Carbon taxes have been used in some European countries for several years to prevent the growth in greenhouse gas emissions and incentivize renewable energy and energy efficiency technologies. In general, a carbon tax is implemented by putting a price per ton



35



Carbon Tax Center. 2008. Introduction. Available at: http://www.carbontax.org/introduction/#cap-and-trade.



27



of carbon dioxide either from selected upstream sources or economy-wide. A price signal is sent to energy users, providing access to emission reducing technologies and practices, including renewable energies. The benefits of carbon taxes to deploying renewable energy technologies include the following: •



Predictability in energy prices rather than carbon quantities, which allows investors to make more informed decisions certain renewable energy technologies;



•



Less difficult and quicker implementation due to the prevention of negotiations, selection of allowances, and the process of creating system rules and regulations;



•



Transparency for producers and consumers as it is understandable and predictable;



•



Implementation without special interest manipulation, which seems to be a key problem of cap-and-trade schemes applied to greenhouse gas emissions; and



•



Equity in cost burden as it becomes a mechanism to distribute income from the wealthiest to the poorest through tax-shifting and rebates.36 Most economists favor a carbon tax over cap-and-trade because of its focus on price and



the effects higher, consistent prices have on energy use and the type of energy use. On the other hand, most politicians favor cap-and-trade because of political barriers, such as the hidden aspect of the price cap-and-trade creates and the flexibility demanded by private entities that have the most to lose from a direct, economy-wide tax on greenhouse gas emissions. Advocates of capand-trade also argue that caps guarantee that emissions will be reduced, while carbon tax 36



Carbon Tax Center. 2008. Tax vs. Cap-and-Trade. Available at: http://www.carbontax.org/issues/carbon-taxes-vscap-and-trade/.
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advocates affirm that it can be shown through economic models that emission reductions can also be guaranteed through direct prices on greenhouse gases.37 Nevertheless, a carbon tax is also an effective policy option that can potentially be much more progressive.



Renewable Portfolio Standards Renewable portfolio standards largely relate to state governments in the United States, although many countries, including the European Union and China, have adopted policies relating to the renewable energy mix in the electricity sector or the entire energy sector. Renewable portfolio standards are intended to increase the deployment of renewable energy technologies by requiring utilities or producers to meet a certain percentage of their energy supply from renewable energy sources. In general, states defer regulation of utilities to the state public utility commission to set the defined targets for all electricity producers. In addition, many states allow renewable energy credits to be purchases from other producers in order to meet their requirements.38 As of early 2008, over half of all states in the United States had adopted a renewable energy portfolio standard to both diversify their energy mix and show that they wish to support renewable energies and climate change mitigation policies given a lack of such desire by the federal government. The leading states are New York, with a requirement that 15% of its electricity come from renewable sources by 2013, and California, with a requirement that 33% of its electricity come from renewable sources by 2020. Renewable portfolio standards have also been implemented in countries around the world, both at the national and sub-national levels. 37



Redburn, Tom. 2007. The Real Climate Debate: To Cap or to Tax. The New York Times. Available at: http://www.nytimes.com/2007/11/02/us/politics/04webredburn.html?_r=1&adxnnl=1&oref=slogin&adxnnlx=1209913448-yIK6SFhsJyAKqF0Mu5mgvQ. 38 Rabe, Barry G. 2006. Race to the Top: The Expanding Role of U.S. State Renewable Portfolio Standards. The Pew Center on Global Climate Change.
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The European Union has a requirement that 20% of all its electricity is derived from renewable sources by 2020, while China has a 30% requirement by 2050, the state of South Australia in Australia has a 15% requirement by 2014,39 and most Latin American nations have concrete plans to expand their renewable energy supply to significantly higher levels.40 The table below shows the different targets set by countries, provinces, and states:



Source: REN21



Tax Incentives One of the simplest policies implemented around the world to deploy renewable energy technologies both at the industrial and household levels involves manipulating taxes to provide rewards for producing or using renewable energy. Many states in the United States have created many tax incentives to promote renewable energy use. In fact, Brazil’s dynamic ethanol industry was created through direct government tax incentives and subsidies. Such tax incentives are 39



Rabe, Barry G. 2006. Coviello, Manlio F. 2007. Renewable Energy Sources in Latin America and the Caribbean. Economic Commission for Latin America and the Caribbean.
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designed to encourage the purchase, installation, or manufacture the renewable energy systems, equipment, and facilities. These incentives include credits, deductions, and allowances, and are generally bounded by a time limit and the limits on the size of systems. Under this policy, taxpayers are generally rewarded for their use, production, or manufacture of renewable energy systems through a reduction in total taxes levied. While most policies are implemented with various tax options for different renewable energy systems, each option is different in the way the tax reduction is provided. In some states, taxpayers are directly provided a tax credit upon the purchase of a household renewable energy system or, in some cases, a community or farm renewable energy system. Another case is where taxpayers receive pay no sales taxes and receive tax deductions from their gross adjusted income, so that total income is actually higher than what it should have been without any deductions. For property owners, state programs typically reduce property taxes through deductions on the mortgage and offer instant rebates for installations. Finally, in certain cases, governments provide a tax credit based on the amount of electricity or fuel produced and sold in markets. In the case of wind energy, there is a production tax credit provided by the United States government. In all of these cases, using or producing renewable energy is actually incentivized through the tax system.41



41
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Feed-In Tariffs Around the World The feed-in tariff is spreading quickly around the world as its effectiveness in deploying renewable energy technologies becomes more widely recognized. As of 2007, there were 46 states, provinces, and countries with a feed-in tariff in place,42 with many more adopting such a policy in the first quarter of 2008. The essential feature of feed-in tariffs is the market protection it offers, as incentives are fixed for a predetermined period, whereas other policy options based on quotas and subsidies limit market protection for renewable energies. The table below shows the historical record of feed-in policy adoption around the world, excluding policies enacting feed-in premiums.



Source: REN21 In Germany, the feed-in tariff created long-term certainty for wind and solar investments. Growth in renewable energy capacity picked up speed in 1995, when less than 1% of Germany’s
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total electricity came from renewable sources. By 2006, the wind energy sector had already enjoyed of startling 70% annual growth rates, expanding capacity to 6,000MW by 2000, and then expanding by about 22% annually to reach over 20,000MW in 2006. In addition, the feed-in tariff provided an incentive for wind projects to be locally owned. By 2004, 45% of all wind turbines in Germany were owned locally.43 The solar energy sector also saw substantial growth, particularly with the increase in the tariffs enacted in 2000 and 2004. From 1999 to 2005, the sector grew by 70% annually, with over 1GW of capacity added in 2006 alone and 2.5GW of total generating capacity. As a result, Germany has become the world’s leading country in wind and solar energy despite lacking excellent resources. In Spain, the government passed a new advanced feed-in tariff in 2007 to help meet the goals of the Kyoto Protocol. The feed-in tariff has already caused an increase in investments, particularly in the solar and wind sectors.44 In the Dominican Republic, a feed-in premium offered through the country’s recently passed (2007) renewable energy law has already attracted over US $2 billion for renewable electricity and fuel projects totaling 1,600MW of power and millions of gallons of biofuels.45 In Ontario, a feed-in policy for solar energy production has made the province a hotspot for solar investments.46 And in many other countries, feed-in laws are being discussed and considered for legislative approval. This policy clearly holds the future for deploying renewable energy technologies in the electricity and fuels sectors.



43



Farrell, John. 2008. Minnesota Feed-In Tariff Could Lower Cost, Boost Renewables and Expand Local Ownership. The New Rules Project. Available at: http://www.newrules.org/de/feed-in-tariffs.pdf. 44 Steiner, Christian. 2007. Spain: Sunshine, Energy Demand, and Feed-In Tariffs – Investment in Renewable Energies. International Law Firms Association. 45 Rymer, Carlos. 2007. The Dominican Republic Set To Lead. It’s Getting Hot In Here. Available at: http://itsgettinghotinhere.org/2007/10/03/renewable-energy-in-lac-the-dominican-republic-set-to-lead/. 46 Kanellos, Michael. 2007. Ontario: The new frontier for alternative energy. CNET News. Available at: http://www.news.com/2100-11392_3-6192274.html.
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The Case for Oil-Importing Countries At end of 2007 and the beginning of 2008, oil prices had reached a record high as it passed the US $90 and US $100 per barrel marks. As of late March, 2008, it had reached US $120 (see graph below), putting a strain on global economic growth and especially burdening oil-importing countries that must pay increasing prices for oil imports. This has led to a series of side-effects in the global economy, including an increase in inflation and especially an increase in the price of certain foods, which has already caused severe food problems across the world. With increasing evidence that world oil production has likely peaked or is about to peak, the prospect becomes even bleaker for future oil prices.



Source: WTRF Economics47



47



http://www.wtrg.com/daily/small/clfclose.gif.



34



Electricity generation around the world is based on a variety of sources. In the developed countries and many developing countries, electricity generation is largely based on coal, natural gas, and nuclear power.48 In these countries, oil imports are largely used for transportation and materials, with a very low percentage being used for electricity generation. As oil prices increase, oil-fired power plants are quickly being replaced with either coal-fired or gas-fired power plants. In the case of coal-fired power plants, the fastest growing electricity source in major developing countries after renewable energy, carbon dioxide emissions are increasing since coal’s carbon content is higher than oil’s. In any case, there are regions around the world with electricity sectors largely based on oil and therefore highly vulnerable to increasing oil prices. The Middle East, Central America, the Caribbean, and most small island states are largely dependent on oil imports for electricity generation. In these cases, high oil prices quickly increase the cost of electricity production, except for the Middle East, forcing governments to increase subsidies to these sectors in order to alleviate consumer cost burden. In these cases, feed-in tariffs are the best government policy that can be used to shift away from oil dependence and encourage renewable energy development, especially in areas with high wind, solar, biomass, and ocean resources. In the case of oil-importing developed and developing countries that use oil largely for transportation purposes, feed-in tariffs can still address high oil imports as the transportation sector becomes more electric-based and the need to replace fossil fuels with renewable energy becomes more important. To address climate change and high oil prices, the world will have to shift from fossil fuel combustion, making the feed-in tariff the most equitable and efficient policy to deploy renewable energy technologies and ensure economic growth. 48
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Application in the Caribbean The Caribbean presents an excellent region for the application of a feed-in tariff policy. Located east of Central America and Northeast of South America, the Caribbean is comprised by various small and large islands, as well as inland countries. It has a subtropical to tropical climate, some of the most biodiverse ecosystems on Earth, and a mix of governments and cultures. The Caribbean presents an excellent opportunity because the region has some of the highest energy costs around the world due to heavy oil dependence (93% of energy consumption; see graph below) and it enjoys an abundance of renewable energy resources ranging from wind to solar to ocean energy.49 In addition, the region is highly vulnerable to climate change as increasing temperatures threaten to devastate coral reefs, make weather patterns more unpredictable, fuel stronger storms, and increase sea levels.



Source: World Bank
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Electricity costs in the Caribbean typically fall in the range of US $0.31/kWh and US $0.38/kWh without subsidies,50 a range that places electricity production from several renewable energy technologies below current electricity prices. Given these prices, feed-in laws would allow for the rapid development of renewable energy technologies in the region due to already high prices and government subsidies. Given the fact that the cost of electricity generation for many renewable energy technologies is significantly lower than current market prices in the region, it is much easier to implement feed-in laws in the region. The table below shows electricity and fuel costs for different renewable energy sources. Source Average Cost per Unit $1.0-1.6/gallon Biodiesel $1.2-1.6/gallon Ethanol $0.04-0.10/kW-hr Marine Energy $0.03-0.05/kW-hr Offshore Wind $0.04-0.08/kW-hr Onshore Wind $0.05-0.15/kW-hr Solar Photovoltaic $0.05-0.10/kW-hr Solar Thermal 0.02/kW-hr Storage Sources: World Energy Council, Intellexi S.A., U.S. Department of Energy, U.S. National Renewable Energy Laboratory, Electric Power Research Institute, Australian Institute of Energy Clearly, providing long-term investment security in the Caribbean for renewable energies is the key to shifting the region’s high dependence on oil and preventing increases in greenhouse gas emissions. In the Caribbean, the implementation of a region-wide feed-in framework would not only lower energy prices and subsidies as a result of tariffs significantly lower than current energy prices, but it would also create new jobs, promote economic growth through higher consumer spending and its multiplier effect, and create a vibrant industry that could generate a source of foreign exchange through exports. 50
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Conclusion The surge in oil prices has provided a warning of the effects that peak oil will have on global economic activity. Climate change is already impacting the world in many ways and its impacts are predicted to intensify as man-made greenhouse gas emissions continue to rise and the Earth warms up. As a result, the world is quickly moving away from fossil fuels and adopting renewable energy technologies. The renewable energy industry is in the middle of high growth, a significant learning curve due to investments in research and development, and a slowly turning political shift in favor of renewable energies. In turn, policymakers are discussing policy options to deploy renewable energy technologies in order to ensure energy security and reduce greenhouse gas emissions. Feed-in tariffs have clearly become widely recognized for their effectiveness and equality. While other policies that promote renewable energy are currently in place, feed-in tariffs have been shown to be the most effective in rapidly increasing the share of energy from renewable sources. Already, over 45 countries, provinces, or states have adopted some form of feed-in tariffs, and the enthusiasm behind this policy will ensure that its adoption continues to expand around the world. Oil-importing countries that must face high energy prices and prevent a transition to other fossil fuels are particularly set to take advantage of the essential benefits of feed-in tariffs. This will become particularly true as the world begins to shift away from fossil fuel combustion for all energy uses, including transportation. The Caribbean, for example, is one of the regions poised to benefit the most from feed-in tariffs due to very high energy costs resulting from heavy oil dependence. In the 21st century, the feed-in tariff will likely be one of the main policy tools used to deploy renewable energy technologies, reduce greenhouse gas emissions, and promote economic development.
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