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PREFACE 

At its 4-5 December 2008 meeting, the Joint Working Party on Trade and Environment (JWPTE) 

discussed the first draft of this paper [COM/TAD/ENV/JWPTE(2008)28]. It was agreed that this paper 

should be revised taking into consideration comments made at the meeting and subsequently submitted to 

the Secretariat in written form, and be circulated to participants in the Global Forum on Trade (9-10 June 

2009) as a background document. This GFT will allow major stakeholders from both OECD members and 

developing countries, including key technology exporters and importers, to exchange their experiences and 

share the findings from the study. Following the GFT, the paper will then be finalized in light of those 

discussions. 

The paper is intended to be used by policymakers from OECD and non-member economies to discuss 

the contribution that the trading system can make to mitigating GHG emissions. It will be written in a style 

that will be accessible to as large an audience as possible. It is envisaged that the study will be presented in 

different forums, within and outside OECD. 

This report was prepared by Ronald Steenblik and Takenori Matsuoka of the OECD Secretariat, Jim 

Hight of Environmental Business International, and Allan Benedict of A&K Research, Inc. 

Work in this area has been foreseen in the Trade Committeeôs PWB 2007-8 under Output Area 3-1-1. 

Advocacy of Free Trade. The work has been undertaken with Part I resources, supplemented by a 

voluntary contribution already received. 

This project takes into account other work done within the OECD, as well as by the World Bank and 

the IEA. 
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FACILITATING TRADE IN CLIMATE CHANGE MITIGATION TECHNOLOGIES IN 

THE ELECTRICITY GENERATION AND HEAVY -INDUSTRY SECTORS 

EXECUTIVE SUMMARY  

Context 

1.  Various analyses, including those conducted by the Inter-governmental Panel on Climate 

Change (IPCC) and the International Energy Agency (IEA) have found that the greatest economic potential 

for global mitigation of gases that contribute to climate change exists in the energy supply, buildings and 

heavy industry sectors. The large mitigation potential derives from both the enormous amount of fossil 

energy consumed by these sectors, and the expanding list of technologies that can increase the efficiency of 

energy use or substitute other, non-fossil energy for fossil fuels. The IEA (2008a) finds that in 2050, with 

moderately optimistic assumptions about the diffusion of technologies, reductions in greenhouse gases of 

28% could be achieved from electricity generation, and 19% from industry. Many of the technologies that 

can help achieve these reductions are already being sold commercially and enter international trade. 

2. Given the scale of effort that would be required to reduce or stabilize global emissions of 

greenhouse gases (GHGs), it is in every country's interest that the deployment of climate-change-

mitigation technology (CCMT) technologies be accomplished at the lowest possible cost to society. Not 

every country will become proficient in the production of every CCMT, keeping down costs, and ensuring 

as rapid diffusion of these technologies as possible, means minimizing barriers to trade is important. The 

sooner barriers to the diffusion of these technologies are reduced, the better, if the world is to avoid locking 

in inefficient technologies. 

Objective 

3. The purpose of this study is to provide a preliminary assessment of the significance of barriers 

created through tariffs and non-tariff measures that affect such international trade, considering a 

representative selection of CCMTs chosen from among those that have been identified as having large 

economic potential for mitigation, are globally traded, and can be used in most countries (i.e., easily 

adapted to national circumstances). 

¶ Technologies for generating electricity from renewable energy (solar energy, wind, and 

geothermal sources). 

¶ Technologies for using coal more efficiently (supercritical and ultra-supercritical steam 

generators, and enhanced coal-mine methane recovery systems). 

¶ Technologies for improving the energy-efficiency of heavy industries (iron and steel, cement 

manufacturing). 

4. The potential markets for renewable energy sources are vast, and are technically limited only by 

the quantity and quality of the available solar, wind or geothermal resources. The markets for these 

technologies, especially solar and wind power, have been strongly influenced by government policies, 

particularly preferential tariffs, subsidies and mandated market shares in electricity generation. As costs of 
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fossil energy rise, and the costs of manufacturing renewable-energy systems falls, however, the potential 

global market for these technologies should expand exponentially, even without subsidies. 

5. There is also a large scope for mitigating GHG emissions from the power sector through 

upgrading existing plants with the most thermally-efficient alternatives, among which are steam generators 

that operate at supercritical and ultra-supercritical temperatures and pressures and for capturing methane 

from existing and abandoned coal mines, which would otherwise be vented to the air. 

6. Heavy industry is also a major emitter of greenhouse gases. In both the iron-and-steel and cement 

manufacturing industries, more energy-efficient processes have naturally evolved, mainly in response to 

rising fuels prices, but also in some countries in response to increasingly stringent environmental 

regulations. The rate of penetration of these technologies has not been even, and has tended to lag in 

countries where coal prices are low (sometimes through policies), or environmental laws are weak. 

Methods 

7. Tariffs on the particular technologies examined, or on component goods, were obtained from 

publicly available databases. To assess the nature and importance of NTMs, several experts with 

specialized knowledge of the sector were engaged to survey a small sample of equipment exporters. These 

exporters were asked, in the first instance, to respond to a questionnaire on NTMs prepared by the OECD 

Secretariat. For most of the technology groups, at least three companies responded in detail. Several of 

these respondents were then contacted by telephone for follow-up interviews. 

Findings 

8. Applied most-favoured nation (MFN) tariffs on most of the goods examined in the report were 

found to be below 10% in most OECD countries, and zero in several, but often above 10% in Mexico. The 

tariffs applied by the major emerging countries vary considerably, with some countries (e.g., South Africa) 

often levying no tariff on imported industrial goods, while Brazil, China, India and Russia often levy tariffs 

greater than 10%. Misclassification of goods ð e.g., a solar PV module as a solar water heater ð , which 

can sometimes imply higher tariffs than when a good is properly classified, was found to be a problem in 

some countries where an unfamiliar technology was involved. 

9. Because of the small sample size, and the largely qualitative (and unverifiable) nature of the 

responses, the results of these surveys should be treated only as indicative. Nevertheless, they do suggest 

that NTMs are hindering trade in some CCMTs, and that the importance of those NTMs are greater for 

some countries than for others. Among the most common NTMs cited by the respondents were: 

¶ Technical regulations applied by the importing country that differed from international standards. 

Producing to different standards adds to manufacturing costs, but also often requires undertaking 

additional testing to demonstrate conformity to the standards. On the other hand, lack of clear, 

published standards was found to also inhibit trade in some cases, and to enable some sub-

standard producers to gain market share. 

¶ Non-transparent government-procurement procedures. Electric systems are often owned and 

operated by government entities, and thus the lack of transparency of bidding procedures when 

government procurement is involved is an issue in some countries. More generally, the 

impression of some exporters was that preference was being given to domestic suppliers. 

¶ Inadequacy of domestic systems for protecting intellectual property rights (IPRs). This common 

complaint, especially among exporters of technologically sophisticated technology, pertains to 
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China especially. Exporter concerns over weak enforcement of IPR violations is so great that 

several companies said that they were refusing to sell certain technologies in the problematic 

countries. 

¶ Other NTMs. The study revealed also a large number of miscellaneous barriers facing exporters, 

generally of the nature of difficulties encountered with local banking regulations, and restrictions 

on labour-saving machinery, and treatment of temporary service providers. Limitations on the 

movement of natural persons, which affect the ability of companies to carry out after-sales 

service quickly and at least cost were mentioned explicitly by manufacturers of geothermal-

power systems, but probably apply equally to manufacturers of many other technologies. Other 

NTMs that the companies reported encountering, such as lengthy customs-clearance procedures, 

were considered to be occasionally important but more generally in the nature of a nuisance. 

10. These findings are consistent with earlier OECD work on perceived trade barriers to 

environmental goods more generally, which found that the most important impediments to trade and 

investment are technology-specific. Nonetheless, a number of exporters also mentioned NTMs that are not 

technology-specific. 

Policy implications 

11. Clearly, there are many measures that importing nations could take to address the technology-

specific barriers include reducing or eliminating tariffs on CCTMs, and aligning their technical regulations 

with international standards. The latter action may not always be simple or possible, however, if no 

dominant international standard exists. Thus there may be a role for international co-operation on 

harmonizing standards for particular technologies, and negotiating mutual-recognition agreements for 

testing results. 

12. Overcoming some of the general measures that impede trade will take time. However, the 

problems that lax IPR enforcement, cumbersome customs-clearance procedures and non-transparent 

government procurement create for trade in CCTMs should be regarded as providing yet another reason for 

addressing them urgently. Capacity-building assistance in both trade facilitation and of a technical nature, 

to help technology-receiving countries better absorb and adapt these technologies to their own local 

circumstances, could no doubt help in this regard. 

13. Finally, importers may need, at the same time, to examine their domestic policies in order to 

address behind-the-border impediments to the diffusion of the aforementioned technologies. This would 

include undertaking reforms in electricity markets. Ending rules that unfairly discriminate against small-

scale power production is often one of the most important steps that can be taken to encourage the spread 

of solar and wind-based power sources, for example. For other technologies, liberalizing local fuel prices 

would help insure that investors in industrial plants are receiving the proper market signals when they have 

to decide whether to invest in an energy-saving technology, and that developers of coal-mine-methane gas-

recovery systems are competing on a level playing field. 
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INTRODUCTION  

14. Technological innovation and transfer are critical to the achievement of the goals of climate-

change policy. Technology transfer can be defined as ñthe broad set of processes covering the flows of 

knowledge, experience and equipment amongst different stakeholders such as governments, private sector 

entities, financial institutions, NGOs and research and educational institutionsò (IPCC, 2000).
1
 According 

to the accelerated technology scenarios (ACTs) developed by the International Energy Agency (IEA, 

2008a),
2
 by employing existing technologies or those in the advanced stage of development, energy-related 

CO2 emissions can return to their current levels by 2050 and the growth of oil demand can be moderated. 

The ACTs also demonstrate that, by 2050, energy efficiency measures can reduce electricity demand by a 

third below the baseline levels. 

15. Climate-change technologies embrace a variety of environmentally motivated technologies
3
 that 

can be employed to mitigate and adapt to climate change in diverse sectors (IPCC, 1996).
4
 According to 

the IPCCôs fourth assessment report (2007), the greatest economic potentials for global mitigation are to be 

found in the building sector, followed by heavy industry and energy-supply.
5
 But no single technology, nor 

even a small sub-set of technologies, can hope to meet the climate-change challenge. Numerous 

technological options must be pursued simultaneously.  

16. Despite the considerable potential of technologies demonstrated by the IEA study, a variety of 

barriers ð technological, institutional, economic, financing and trade ð on both the supply and demand 

sides still impede their transfer to newly industrializing countries. Moreover, the barriers facing these 

technologies in various sectors appear to differ. In order to accelerate a wider transfer of climate-change 

technologies, and to maximize the potential benefits thereof, it is critical to identify trade-related barriers. 

                                                      
1
  The term ñtransferò in this study is used in a broad context and encompasses the diffusion of technologies 

and technology cooperation across and within countries. It comprises the process of learning to understand, 

utilise and replicate the technology, including the capacity to choose it and adapt it to local conditions 

(IPCC, 2000).  

2
  This study investigates the potential of energy technologies and best practices aimed at reducing energy 

demand and emissions, and diversifying energy sources based on the realisation world-wide of policies that 

create a shadow price of GHG emissions of USD 25 per tonne of CO2-equivalent. In the baseline scenario, 

CO2 emissions rise 137% above 2003 levels by 2050. 

3
  According to Agenda 21 (Chapter 34), environmentally sound technologies (ESTs) have been defined as 

those that ñprotect the environment, are less polluting, use all resources in a more sustainable manner, 

recycle more of their wastes and products, and handle residual wastes in a more acceptable manner than the 

technologies for which they were substitutesò. 

4
  The scope of this study covers climate-change mitigation technologies only, as adaptation technologies are 

largely produced and consumed at the local level, with little trade implications. 

5
  The concept of ñmitigation potentialò has been developed to assess the scale of greenhouse-gas reductions 

that could be made, relative to emission baselines, for a given level of carbon price. Economic potential 

refers to the mitigation potential, which takes into account social costs and benefits and social discount 

rates, assuming that market efficiency is improved by policies and measures and barriers are removed 

(IPCC, 2007).  
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Addressing trade barriers is not enough to facilitate the diffusion of technologies, however. Other measures 

may be needed to facilitate technology adoption as well. 

17. A previous study already looked at several technologies relating to the supply of heating and 

cooling to buildings, the use of electrical motors in industry, and the efficient production of process heat 

and electricity through combined heat and power. This study concentrates on energy supply and heavy 

industry ï specifically: 

¶ Technologies for generating electricity from renewable energy (solar energy, wind, and 

geothermal sources). 

¶ Technologies for using coal more efficiently (supercritical and ultra-supercritical steam 

generators, and enhanced coal-mine methane recovery systems). 

¶ Technologies for improving the energy-efficiency of heavy industries (iron and steel, cement 

manufacturing). 

18. This selection was based on the sectors identified in the Fourth Assessment Report of the 

Intergovernmental Panel on Climate Change (IPCC, 2007) as offering the greatest potential for GHG 

emissions reduction. As the technologies studied in the first study tended to focus on areas of greater 

interest to developed countries, this one extends the studies to technologies which should also be of 

economic interest to developing countries. Together with criteria listed in IPCC report, we have chosen 

from those mentioned in Tables TS.3 (Potential GHG emissions avoided by 2030 for selected electricity 

generation mitigation technologies) and TS.10 (Examples of industrial technology for reducing GHG 

emissions) of the Technical Summary to the IPCC report (Barker et al., 2007). Another criterion is 

commercial availability.
 6
 The benefits of liberalising trade and addressing trade-facilitating measures are 

likely to be limited if the technologies are not yet cost-competitive and largely used domestically. 

19. A recent study by McKinsey & Company (2007) showed that, in Germany, rooftop photovoltaics 

will by 2020 be one of the most cost-effective investments as measured by CO2 abatement costs. Other 

promising investments include improved, retrofitted power-plant technologies for lignite and hard-coal 

power plants, and onshore and offshore wind turbines. Daniels (2008) notes that the average efficiency of 

coal-fired power plants in China and India are between 25% and 34%, compared with 36% on average for 

OECD countries. Since coal and lignite will continue to supply a major part of these countriesô electric 

power, it is vital that trade in the most thermally-efficient power generation technologies not be hindered 

by unnecessary barriers. 

20. There is also a huge potential to reduce energy demand and CO2 emissions in energy-intensive 

heavy industries, through increased energy recovery in materials-production processes; increased recycling 

of used materials; adoption of new and more advanced processes and materials; and more efficient 

materials use (IEA, 2008b; IPCC, 2007; APP, 2007). The IPCC (Bernstein et al., 2007), for example, sees 

a mitigation potential of 0.4ï1.5 gigatonnes (GT) of CO2-equivalent emissions per year from the steel 

                                                      
6
  The criteria for commercial viability are based on the stages of technology transition towards cost-

competitiveness in the ACT scenarios between 2010 and 2050. They include: the stage when the 

technology is cost-competitive without (1) specific CO2 reduction incentives and with (2) CO2 reduction 

incentives; (3) government support for deployment; (4) the demonstration stage; and (5) the R&D stage. 

The scope of the study excludes technologies that are at the demonstration or the R&D stage by 2010.  
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industry, and 0.7ï2.1 GT CO2-equivalent emissions per year from the cement industry. Some technologies 

could have multiple benefits.
7
 

21. Realising these potentials by deploying the identified technology options faces multiple and 

complex barriers. The complexity of these barriers is partly due to the fact that technologies are not just 

equipment or ñhardwareò such as machinery and equipment involved in a production process, but also total 

systems including the ñsoftwareò: know-how, skills, and a variety of services resulting from the process, 

organisational and institutional arrangements (OECD, 2001). At times, high market prices, diverging 

standards and certification schemes hinder the diffusion of these technologies, while other barriers ð 

ranging from insufficient domestic regulations, weak institutional capacity, and difficulties in obtaining 

financing ð hamper technology absorption. 

22. These barriers tend to vary depending on the specificity of different technologies. For example, in 

the case of solar technologies for residential application, diverging certification schemes, incomplete 

information in the market, and zoning restrictions hinder a wider diffusion of this technology. The findings 

of a recent OECD study (Steenblik et al., 2006) show that differing standards for defining and testing of 

energy performance appear to be more significant barriers to trade than tariffs for energy-efficient goods. 

23. Addressing technology-specific trade barriers can facilitate the diffusion of cost-competitive 

technologies. For instance, recent OECD studies on liberalizing trade in renewable energy (Steenblik 

2006a and 2006b) show that tariff reductions can ease economic barriers, since among others, the principal 

obstacle to the deployment of renewable-based electricity generation is cost. Identifying and addressing 

various non-tariff barriers facing specific mitigation technologies could also help promote technology 

diffusion. Another recent OECD study (Fliess and Kim, 2007a and 2007b) reveals that exporters reported 

inadequate protection of intellectual property as significant non-tariff barriers.
8
 

24. Other factors, including on the demand side, affect the successful deployment of climate change 

technologies. According to Tébar Less (2005), for instance, environmental regulations that are adequately 

enforced are the main incentives for firms to acquire new technologies. Measures such as investment 

incentives and financial mechanisms can also play an important role in this regard. In short, successful 

deployment of climate-change mitigation technologies hinges on both addressing technology-specific trade 

barriers and measures that stimulate and facilitate the deployment of such technologies. 

Outline 

25. This study examines technology-specific trade barriers and measures to facilitate trade in selected 

mitigation technologies in two of the three sectors where the greatest economic potential for global 

mitigation exists: energy supply and heavy industry. Building on past work, the objectives of this study are: 

(i) to analyse key market trends in selected climate-change mitigation technologies in the energy-supply 

and heavy-industry sectors; (ii)  to identify technology-specific trade barriers (both tariff and non-tariff); 

and (iii)  to identify measures to facilitate trade in the selected technologies. 

                                                      
7
  For example, the replacement of carbon anodes with inert anodes in aluminium manufacturing (not covered 

by this study) could end CO2 emissions from carbon anode use and also eliminate PFC emissions from 

electrolysis. Electricity consumption would also be reduced. 

8
  The study covered seven environmental sectors: (1) environmental monitoring, analysis and assessment 

equipment; (2) remediation and clean-up of soil and water; (3) recycling systems; (4) renewable energy; 

(5) air pollution control; (6) waste water management; (7) solid and hazardous waste management. Twenty 

exporters in the renewable energy sector were covered by the study. 
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26. The rest of the paper examines each technology in turn, starting with a brief technical description 

of the technology and its potential for GHG mitigation. Market trends are then discussed (where known), 

identifying the main producers and consumers around the world. Following this, each section lists tariff 

and non-tariff barriers hindering trade in the technology, drawing on interviews with exporters. In the final 

section, Conclusions, the key findings of the study are set out and possible approaches to increasing the 

availability of the technologies through international trade are discussed. This includes identifying steps 

that could be taken to reduce these barriers and more generally facilitate trade in the technologies, and their 

diffusion and adoption. 

Scope and methodology 

27.  The purpose of this paper is to investigate technology-specific measures that impede trade in 

selected climate-change-mitigation technologies, and to identify ways to overcome such barriers. Drawing 

on surveys of actual exporters, the paper examines eight technologies in three sectors where some of the 

greatest economic potential
9
 for global mitigation exists: energy supply, buildings and industry. The 

objectives of the paper are to: (i) analyse market trends of the selected climate-change-mitigation 

technologies in the energy supply and industry sectors; (ii)  identify technology-specific tariff and non-tariff 

measures; and (iii)  identify measures to facilitate trade in and use of the selected technologies. 

                                                      
9
  The concept of ñmitigation potentialò has been developed to assess the scale of reductions in emissions of 

greenhouse gases that could be made, relative to emission baselines, for a given level of carbon price. A 

technology that also has ñeconomic potentialò is one for which there would be a net positive return from its 

use (taking into account all social costs and benefits, discounted at a social discount rate). In some cases, 

realizing a technologyôs social potential may require changes in policies, including the removal of barriers 

to its deployment (IPCC, 2007). 
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Table 1. Selected mitigation technologies covered by this study 

Sector Technology Leading manufacturing countries Projected reduction 
in 2050 

(Gt CO2/year)
1 

Renewable-
energy 

Solar photovoltaics 
Japan, German, United States, 
China 

1.3 

Concentrated solar thermal power United States, Spain, Israel 1.2 

Wind power 
Denmark, Spain, Germany United 
States, China, India 

2.1 

Geothermal power 
 

Japan, Iceland, New Zealand, 
United States 

0.6 

Coal 

Supercritical and ultra-supercritical 
steam generation (replacing sub-
critical steam generation) 

Japan, United States, China, 
France 

0.7 

Coal-mine-methane recovery United States, Germany, Japan 0.2 

Iron & steel 
production 

Coke dry quenching 
Coke stabilization quenching 
Top-pressure recovery turbine 

Japan, Germany 0.3
[2]

 

Cement 
manufacturing 

Cyclone preheaters 
Precalciners 

Denmark, Germany, Japan, 
France, United States 

0.2
[2]

 

1.  BlueMAP projection. 

2.  Refers to technical potential in 2005 from all fuel-saving practices. 

Source:  ǒ Renewable energy and supercritical and ultrasupercritical steam generation: IEA, Energy Technology Perspectives 
(2008a, [p. 67]); ǒ coal-mine-methane recovery: OECD Secretariat estimate, assuming half of emissions could be recovered and 
used; ǒ iron & steel production and cement manufacturing: IEA, Worldwide Trends in Energy Use and Efficiency (2008b).  

28. The eight technology groups with the greatest economic potential for global mitigation were 

selected for this study based on their being commercially viable
10

 and traded globally (Table 1). The 

implications of liberalising trade in a technology would be limited if it were not yet cost-competitive and 

largely produced and used domestically. Collectively, the savings they represent, 6.6 Gigatonnes of CO2-

equivalent, are equivalent to 24% of anthropogenic GHG emissions in 2007, and 16% of the emissions 

implied by the IEAôs reference-case scenario for 2030 (IEA, 2008c). 

29. Surveys were carried out in each sector by independent consultants in order to gain insights into 

the trade barriers perceived by exporters, and the types of measures that seem to need to be in place in 

order to facilitate trade. For each survey, several manufactures from the main exporting countries were 

approached, and asked to fill out a standardized questionnaire. The questionnaire asks details about 

specific measures, grouped under 15 different generic categories of NTMs (Table 2). Some of the 

companies were then contacted subsequently and asked to elaborate on their answers.  

                                                      
10

  The criteria for their commercial viability are largely based on the stage at which the technology is cost-

competitive with or without specific CO2 reduction incentives. 
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Table 2. Categories of non-tariff measures (NTMs) 

Category Type of measure 

  
1 Pre-shipment inspection and customs procedures 
2 Quantitative import restrictions (Import licensing, Import quota or prohibitions) 
3 Import surcharges or border taxes 
4 State-trading monopoly or state monopoly control of imports 
5 Cargo handling and port procedures or requirements 
6 Technical product regulations, standards and approval procedures 
7 Restrictions on investment 
8 Restrictions on after-sales services 
9 Price controls or administered pricing in destination market 
10 Regulations on payment; restrictive foreign exchange  allocations to importers 
11 High or discriminatory taxes or charges in destination market 
12 Subsidies or tax benefits given to competing domestic firms in destination country 
13 Violation of intellectual property protection 
14 Government procurement procedures in destination market 
15 Informal ñadditional paymentsò required to effect import of your product 

 

30. Several caveats apply to the results. Resource limitations prevented any independent check being 

carried out to validate the information provided by the companies that were interviewed. Moreover, the 

responses may have been subject to two forms of bias. On the one hand, companies afraid of repercussions 

from importing countries may have been reluctant to participate in the survey. On the other hand, the fact 

that a company has experienced barriers to its trade may have made it more likely to participate. For these 

reasons, and because the sample size was small, the results of the surveys cannot be considered scientific; 

they are at best indicative of areas for further investigation. 
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SOLAR-BASED ELECTRICITY  

Overview 

31. Energy from the sun can be harnessed in several ways to produce electricity. The two main 

technologies in use today are photovoltaic (PV) and concentrated solar-thermal power (CSTP) plants. 

Photovoltaic solar power uses semiconductor devices that convert solar energy into direct-current (DC) 

electricity. Solar PV devices are simple to use, but because they are currently made with semiconducting 

materials, either in thin wafers (cells) of pure crystalline silicon, or in thin strips of amorphous silicon, their 

manufacturing is complex and relatively costly. CSTP, by contrast, use lenses or mirrors, driven by 

tracking systems, to focus a large area of sunlight onto a fluid-filled vessel. The heat absorbed by the fluid 

generates steam that drives a turbine to produce electricity. By storing excess heat in large, insulated tanks 

filled with molten salt, CSTP plants can even generate power after sunset. The high temperatures produced 

by CSTP systems also allow for the cogeneration of process heat and steam for a variety of secondary 

commercial applications. 

32. The technical potential of solar energy to displace electricity generated by fossil fuels is 

enormous. Because of their high manufacturing costs and other factors, the economic potential of solar 

cells varies depending on location and the cost of the available alternative sources of electricity. PV 

systems have the merit of being modular, which means that they are suitable for a wide range of small-

scale applications, including even to supply auxiliary power for ocean-going ships. 

33. Description of the technologies 

34. Solar PV cells are simple devices to use, but because they are currently made with 

semiconducting materials, either in thin wafers (cells) of pure crystalline silicon, or in thin strips of 

amorphous silicon, their manufacturing is complex and relatively costly. Individual PV cells are fragile and 

produce a maximum output of only 2 watts, so they are normally soldered together in series, usually of 36 

or 72 cells, and then hermetically sealed in an encapsulated assembly. These assemblies, called modules, 

sandwich the cells between a rigid, transparent top surface (usually of glass) and an insulating backface. A 

typical weather-resistant module (also sometimes called a solar panel) can provide between 20 and 30 

years of safe, reliable service. 

35. While silicon-based crystalline PV modules still dominate the market, an increasing number of 

companies are developing advanced thin-film technologies, including amorphous silicon (a-Si), cadmium 

telluride (CdTe) and Copper indium gallium (di)selenide (abbreviated, respectively, to CIS and CIGS). 

These manufacturers can achieve much lower costs per watt of PV power output, but the technologies 

produce PV materials that achieve significantly less conversion efficiency than crystalline PV panels. 

(Conversion efficiency measures the amount of power generated per unit area of PV material.) As a result, 

more space is needed to generate a comparable amount of energy. Some thin-film technologies face 

challenges in scaling up production lines for high volume and in producing panels with comparable 

durability to crystalline silicon panels. These factors have caused several thin-film technology ventures to 

fail. Nevertheless, according to SolarBuzz (2008), thin-film manufacturing doubled from 181 MWe in 

2006 to 400 MWe in 2007, accounting for 14% of total PV production. Given the cost advantages of thin-

film technology, the Prometheus Institute (2008) estimates that, by 2012, thin-film technologies could 

make up over 40% of worldwide PV production. 
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36. Currently there are only a few centralised, on-grid solar PV installations in the world, and most 

are heavily supported, through direct subsidies and regulated prices. The largest solar-electric plant in the 

world is the 10-MW Bavaria Solarpark, comprised of 57 600 photovoltaic panels. Most off-grid 

applications of solar PV cells are much smaller in scale, supplying electric power for a device such as a 

water pump,
11

 or to a home or a village. Apart from pumps, other common dedicated, single-use 

applications of PV systems include supplying electric current for rural telecommunications systems, 

navigation beacons, and isolated data monitoring and recording systems, and providing cathodic protection 

for pipelines. 

37. Grid-connected distributed PV systems are intended to supplement electric power supplied by 

mains and, in some cases, to feed electricity back to the grid. These kinds of installations exist mainly in 

OECD countries, especially Germany and Japan. Most of the off-grid, domestic applications of solar 

energy are in rural areas, increasingly of developing countries, where some 400 000 are already in 

operation. A basic household solar module will typically comprise a roof-mounted 15-Watt to 150-Watt 

solar array, a 20 to 100 ampre-hour solar (lead-acid) battery, a charge controller (for optimising the 

charging and discharging of the battery), several low voltage and low-wattage lamps, and accessories such 

as connecting cables, mounting brackets, and fasteners. A larger system will also include an inverter to 

convert 12-volt direct current into standard 110 or 220 volt alternating current, for operating radios or other 

household appliances. 

38. One limitation of solar PV is that the electricity it generates is intermittent. For most, but not all, 

uses, this intermittency necessitates some form of back-up electricity supply. For grid-connected solar-PV 

systems, that can mean that extra capacity has to be available in the network to supply power at night and 

when cloud cover reduces output. For off-grid applications, back-up supply is usually provided by special 

storage batteries. These storage batteries alone can add an additional 35% to the cost of a stand-alone (e.g., 

home-scale) solar PV system, beyond the cost of the PV arrays. Charge controllers are another cost. And 

inverters, which are typically sized larger relative to PV array capacity for off-grid than on-grid uses, cost 

around $1,000 per kW of PV capacity compared with $0.40 per kW for a grid-tied system. 

39. 40. 41. Industry supply-chain structure 

42. The global supply chain for the PV industry includes suppliers of raw materials such as silicon 

ingots and other materials for thin-film PV technology (Table 3); silicon wafers that are typically sawn 

from ingots or created using string-ribbon technology; PV cells, which are processed from silicon wafers; 

composite materials for encapsulating PV cells into panels (also known as modules); low-iron glass, 

aluminium stock, wires, junction boxes, cable connectors and other components needed for creating the 

finished modules. Other key suppliers include manufacturers of devices to test and rate PV cells and 

manufacturers of process equipment for every phase of the production cycle from silicon crystal growth to 

module encapsulation. 

                                                      
11

  Solar water-pumping systems are particularly well suited to rural areas. They usually consist of two to four 

PV modules; a variable-voltage, direct-current electric pump; and associated piping and storage tanks. 
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Table 3. Estimated supply of polysilicon from leading manufacturers (tonnes) 

Manufacturer Manuacturing locations 2005 2008 

Hemlock Semiconductor United States 7 400 12 000 
Tokuyama Japan 5 200 7 500 
Wacker Siltronic Germany 5 000 7 000 
MEMC Chinese Taipei, Italy, Malaysia, 

Japan, Korea, and the United States 
4 000 5 000 

AsiMI United States 3 000 3 500 
Mitsubishi Japan 2 800 3 000 
SGS (30% owned by AsiMI) United States 2 200 2 500 
Sumitomo Titanium Japan 1 860 1 000 
Total  30 460 41 500 

Source: Little (2008); OECD Secretariat. 

43. PV modules are deployed in groups known as arrays, typically on rooftops but also in ground-

mounted systems. A number of electrical and mechanical components are required to install PV arrays. 

These include power electronics such as DC-AC inverters and wireless meters to monitor the production of 

grid-connected PV arrays. Off-grid arrays require charge controllers, batteries, inverters and other 

components. Racking and mounting systems are needed for roof-top and ground-mounted arrays. In some 

cases, motorized tracking devices are used to point the array toward the sun as it transits the sky to achieve 

greater electricity production. 

44. In addition to PV equipment, individuals and businesses wishing to install a PV array require 

technical services to design and install PV arrays. For larger systems, the providers of this service are 

called system integrators, acting as the equivalent of engineering, procurement and construction (EPC) 

contractors for conventional power plants. Some of the largest system integrators include Sun Edison 

(United States), SunPowerôs Powerlight division (United States), Conergy (Germany) and Ibersolar (Spain). 

Integration is increasingly an international business, with companies performing services across borders, 

often with domestic partners. Integrators are driving down the up-front costs of PV installations by offering 

customers power-purchase agreements in which the integrator retains ownership of the PV system while 

the customer pays per kWh for the electricity generated by the system. 

45. The PV industry is highly diversified with a wide variety of companies supplying materials and 

components. Some suppliers are large manufacturing companies for which the PV industry is just one 

small business segment, while others are mostly or entirely devoted to supplying the PV industry. To 

reduce costs, large PV manufacturers are increasingly integrating their supply chain by acquiring vendors 

of key supply components. An influential study by the European Commission predicted than a vertically 

integrated PV manufacturing plant of 500 MW annual capacity could achieve production costs of USD 1 

per watt (current costs are approximately USD 2.50 per watt). According to the Prometheus Institute, a U.S. 

research organization, only the three largest manufacturers, Sharp (Japan), Q-Cells (Germany) and Suntech 

(China), have approached this level of integration, and they have not integrated into glass manufacturing 

and aluminium extrusion, key elements of the MUSIC definition of vertically integrated. Prometheus has 

speculated that a fully integrated crystalline silicon factory may not be built until 2012 or later. (Thin-film 

PV maker First Solar Inc. is considered fully integrated; see below.) 

46. According to trade publication PV News, the top 10 PV producers for the year 2006 and the first 

half of 2007 accounted for just under 60% of global production (Table 4). Japan-based companies 

produced the largest share (29%), followed by German and U.S.-owned companies. Despite the trend 

towards vertical integration, the industry remains highly fragmented, however. In the last decade of rapid 

growth, scores if not hundreds of new suppliers have emerged worldwide. China in particular has emerged 

as a major center of wafers, cells and modules. Solarbuzz estimates that Chinese manufacturers increased 

their share of the global PV market from 20% in 2006 to 35% in 2007. In addition to the leading Chinese 
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manufacturer Suntech, three other Chinese PV manufacturers placed among the top 20 producers 

worldwide, according to the Prometheus Institute: Yingli Solar, JA Solar Holdings and CEEG Nanjing PV. 

The four leading Chinese producers represented more than 1 000 MWe of annual production capacity in 

2007. 

47. Chinese Taipei boasts two firms in the top 20, in addition to Motech: E-Ton and Gintech, 

representing with Motech 650 MWe of capacity. Other developing and emerging countries engaged in 

manufacturing PV modules and supply chain components include Brazil, Bulgaria, the Czech Republic, 

Korea, India, Israel, Saudi Arabia, Slovenia, Thailand, Ukraine and United Arab Emirates. 

Table 4. Leading producers of photovoltaic cells in 2006 and the first half of 2007 

Company Home country Share of global production 

Sharp Japan 14% 
Q-Cells Germany 9% 
Suntech China 7% 
Kyocera Japan 6% 
Sanyo Japan 5% 
Motech Chinese Taipei 4% 
Mitsubishi Japan 4% 
Deutsche Solar/Shell USA and Germany 3% 
First Solar USA, Germany and Malaysia

1
 3% 

Sun Power Philippines
1
 3% 

1. U.S. owned, but manufactured in these countries 
Source: PV News. 

48. Among thin-film manufacturers, First Solar, a U.S. company with factories in Germany and 

Malaysia, has achieved significant commercial leadership with its CdTe technology, including working 

through the European Unionôs ban on cadmium with a bonded recycling program. First Solar reported 

sales of USD 349 million for the three-month period ending 27 September 2008. A few other thin-film 

manufacturers have achieved commercial sales on a large scale, including United Solar, a U.S. company 

using a-Si technology. According to the Prometheus Institute, more than 80 companies are developing 

thin-film PV manufacturing technology, and several will likely succeed in increasing cell efficiencies and 

scaling up production lines to achieve significant commercial sales and profitability. In 2007, U.S. firms 

represented 48% of thin-film manufacturing capacity, Asian firms 30% and European firms 22%. 

49. Market potential and main policy drivers 

50. First deployed to power satellites in the late 1950s, solar PV panels were first commercially sold 

for remote power applications in the 1970s, growing through the 1980s and early 1990s with ñoff-gridò 

market applications ranging from domestic power supply for rural households to remote navigation lights, 

railroad crossings and telecom facilities. 

51. In the last decade, the PV market has grown enormously, driven by government policies 

including requirements for electric utilities to allow PV system owners to supply electricity to the electric 

grid, subsidies to offset the capital costs of PV arrays, preferential electricity tariffs for PV systems, and 

renewable energy standards that require electric utilities to generate a portion of their power with 

renewable energy. Due to PVôs higher costs relative to wind and biomass power, renewable energy 

standards generally do not impact the PV market unless they include a specific minimum requirement for 

PV capacity in the renewable energy mix, however. 

52. These policies radically changed the PV market in developed countries from one in which PV 

was used only where conventional power was not available to one in which homeowners and businesses 
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served by electric utilities could invest in PV systems and expect favourable returns on investments. They 

also stimulated the development of manufacturing capacity in many developing countries to supply the 

market. And more recently, such policies have been enacted in some developing countries, where they are 

stimulating domestic demand. 

53. These policy-created market drivers have facilitated extraordinary growth in the PV market. 

Worldwide, installed PV capacity grew from approximately 989 MWe at the end of 2000 to 5 695 MWe at 

the end of 2006, according to the IEA (2008). The year 2007 continued to see explosive growth, with 

Solarbuzz (2008) reporting new PV installations of 2 826 MWe worldwide. 

54. While the PV market is still largely dependent on subsidies and preferential tariffs, the vast 

expansion of manufacturing capacity coupled with technology advancements are steadily moving the 

industry toward a state where the costs of electricity generated with PV is expected soon to achieve ñgrid 

parityò ð i.e., meeting or beating the costs of conventional electricity. This will occur first in regions with 

high electricity prices, and indeed, PV systems are already considered to be at grid parity for peak power in 

Japan. 

55. Global revenues for PV equipment manufacturers were estimated by Climate Change Business 

Journal (CCBJ) at $13.4 billion in 2007. CCBJ estimated that electricity sales from PV installations 

generated USD 3.6 billion in revenues in that year. It estimated that by 2014 global revenues from PV 

equipment sales will reach USD 30.2 billion and that power sales will generate revenues of over USD 21 

billion. 

56. Today, installed PV energy systems produce an estimated 0.1% of electrical energy globally, 

according to CCBJ and other sources. In the market with the deepest penetration, Germany, PV systems 

provided only 0.42% of national electricity consumption in 2006, according to PV trade publication Photon 

International and The Association of German Network Operators. 

57. Germany, Spain and other European countries consume most of the global PV production due 

to favourable feed-in tariffs in those nations. According to Solarbuzz (2008), Germany was the world 

leader in new PV installations in 2007 with 1,328 MW, 47% of the world market. On the strength of its 

own robust preferential tariffs, Spainôs PV market grew by or over 480% from 2006 to see 640 MW 

installed in 2007, 23% of the world market. The rest of Europe accounted for 6% of the world market. The 

U.S. market increased by 57% to 220 MW, becoming the world's fourth largest behind Japan, once the 

worldôs leader. New installations in Japan in 2007 declined 23% from 2006, to 230 MW, owing to the 

cessation of a government subsidy. 

58. The rest of the world, including all developing nations, represented about 8% of the total PV 

market in 2007, according to Solarbuzz. Significant growth in developing nations will likely be driven by 

the same government policies that led growth in the developed world, and such policies are increasingly 

being implemented according to Warming Up To Trade, a 2007 World Bank study of trade in climate-

change-mitigation technology. According to the study, India , Brazil , China, Indonesia, Nicaragua, 

Sri Lanka, and Thailand have enacted special electricity tariffs for PV energy or renewable energy 

standards. 

Trade-related barriers 

Tariffs 

59. Tariffs on solar PV cells (which are covered by the HS code that also includes LED cells) are 

generally low, both in OECD and non-OECD countries, with the exception of Brazil. In OECD countries, 

tariffs on electronic components, under which PV cells are classified, are generally very low or zero 
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(Table 5). Tariffs on static converters (i.e., inverters) are especially high in Mexico and several of the 

major emerging economies, in many cases in the double-digit percentages. 

Table 5. Applied MFN tariffs levied by selected OECD and non-OECD economies on selected goods relevant 
to solar PV power 

(percentage ad valorem) 

Economy Solar PV cells 
 

(HS 8541.40)
1
 

Static 
converters 

(HS 8504.40) 

  Heat-exchange 
units 

(HS 8419.50) 
Canada 0% 6.5%   0% 
EU 0% 0%   1.7% 
Japan 0% 0%   0% 
Korea 0% 0ï8%   8% 
Mexico 0% 20%   % 

United States
2
 0% 0%   0ï4.2% 

      
Brazil 10% 14%   14% 
China 0% 10%   10% 
India 0% 10%   7.5% 
Indonesia 0% 10%   5% 
Philippines 0% 7%   1% 

Russia 10% 0ï20%
3
   0% 

South Africa 0% 0%   0% 
Thailand 0% 10%   0% 
1. Ex out ð i.e., at the 6-digit level, the tariff line covers more than just the commodity shown. 
2. As a percentage of f.o.b. value. 
3. Depending on use. 
Sources: ǒ EU: TARIC database; ǒ all other countries: European Commission, ñApplied Tariffs Databaseò, 
http://mkaccdb.eu.int/mkaccdb2/indexPubli.htm (data are for beginning of 2008). 

Non-tariff measures 

60. This section summarizes the responses of the eight companies in the PV industry who 

participated in confidential interviews to discuss trade-related measures that may be impeding trade in PV 

power equipment and related components. The respondents from the PV industry included four 

manufacturers of modules, wafers, cells and power electronics (some of whom also re-sell and distribute 

other manufacturersô products), one importer-reseller, one integrator-installer, one consultancy that 

specializes in working in developing countries and one broker-exporter. (Additionally, a Chinese 

manufacturer indicated in an email that it has not experienced major trade constraints or obstacles.) 

61. As was the case with wind power respondents, those in the PV industry cited burdensome 

product standards, technical regulations and approval procedures most frequently. Five companies said 

that European certification requirements were the source of major expenses. A European manufacturer 

reported that staff costs to manage the European, U.S. and Canadian certifications of PV modules and 

related products are approximately USD 750 000 per year, plus certification costs of USD 25 000 to 

USD 30 000 per module series. A Chinese manufacturer said that it cost USD 150 000 to certify its 18-

model line of PV modules. A European importer-reseller said that a series of four modules typically costs 

ú 15 000 to ú 20 000 to certify. 

62. Two of the five companies judged that the costs of certification were reasonable given the size of 

the European PV market. A U.S. company with manufacturing in Chinese Taipei and the Philippines 

averred that EU standards for PV modules are designed to favor European manufacturers. And an 

Australian manufacturer of power electronics claimed that European certifying agencies charge unfairly 
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high pricesðeight times higher than the agenciesô costs, in this sourceôs estimationðto what is essentially 

a captive market. This informant indicated that the profits from certification have been noticed in emerging 

Asian markets for PV, with the result that requirements are being initiated to support a domestic 

certification industry. 

63. A European manufacturer complained of the ñmonopolyò that the TÜV Rheinland Group has on 

the business of testing PV equipment for European certification. The organizationôs testing process was 

inordinately time consuming, in his opinion, requiring six to eight months for testing that he claimed could 

be completed in six to seven weeks. This manufacturer also reported that U.S. requirements that European-

certified products be additionally certified to the U.S. standards was a significant trade barrier, noting that a 

U.S. certification was accepted in Europe while a European certification was not accepted in the United 

States. 

64. The European importer-reseller said the standards and the certification processes tended to delay 

introduction of new technologies. For example, the introduction of PV modules made with new (non-

silicon) materials can be delayed for one to two years while standards are developed. This process is 

sometimes hastened by the research organization Fraunhofer-Gesellschaft, which publishes information on 

promising new PV materials so that government officials can begin developing standards earlier. 

65. A Canadian integrator-installer said that some European manufacturers of modules and inverters 

have declined to enter the Canadian market because of the requirement to obtain additional Canadian 

Standards Association (CSA) certification. A Chinese broker-exporter noted that Australian testing 

requirements result in costs of AUD 20 000 for a single inverter model, resulting in some manufacturers 

declining to enter the Australian market. The representative for this firm further related that trade in PV 

systems would be made easier if regional and national standards and testing requirements were replaced by 

an international standard. 

66. A contrary point was made by a U.S. consultancy with experience in emerging markets in Africa, 

South Asia and Latin America: the lack of standards in some countries has led governments and 

companies to accept inferior products based only on price. This consultant has organized workshops to 

educate government officials about the benefits of adopting standards. He advocates that developing 

countries adopt standards for PV modules and components from Europe, Canada, Japan or the United 

States. He says that Brazil and Costa Rica currently require one of these four standards be met by PV 

importers. 

67. Intellectual property risk was alleged by two respondents as a major or prohibitive NTB in China 

and Chinese Taipei. One U.S. manufacturer-reseller stated that suppliers have refused to provide technical 

data for products that are going to be sold to those countries. The Australian manufacturer of power 

electronics said a Chinese company copied one of its products but was unsuccessful in marketing it. This 

manufacturer has sharply restricted its sales to China, and its representative said that there is no confidence 

that the Chinese legal system will offer any recourse should a future attempt at intellectual property theft 

be more successful. 

68. Three respondents highlighted burdensome pre-shipment inspection or customs procedures as a 

moderate or major NTB. The Australian power electronics manufacturer noted that Cambodia requires pre-

inspection, and that customs in many developing countries are tedious and expensive. The extra costs are 

absorbed by customers, this informant said, raising the price to end-users but not affecting the companyôs 

margins. The U.S. consultant averred that in African countries, PV equipment is often misclassified as 

prohibited military equipment or communications equipment, and subject to high tariffs. These problems 

have resulted, in a few cases, in projects being terminated, and typically adds 18% to the final cost of the 

product. 
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69. A European power components company that manufactures most of its products in China has 

been frustrated in its efforts to export complete knock down (CKD) and semi-knock down (SKD) kits to 

India and Bangladesh ð where it had hoped to build manufacturing sites ð because complete solar 

products are charged a lower tariff rate than CKD or SKD products. In India, the company was able to 

carry out its plans for domestic production by sourcing components locally, but in Bangladesh the 

envisioned factory was not economically viable because of the customs treatment of CKD and SKD kits. 

As this company investigates business opportunities in emerging PV markets such as Ethiopia, where a 

German aid program is subsidizing PV deployment, it may decide to invest in training customs officials 

prior to shipping products. 

70. In Sri Lanka and India, the same company often experiences misclassifications of components, 

resulting in incorrect increases in tariffs by 20%. For every shipment, the companyôs agents must explain 

anew to customs officials the purpose of the components. The company succeeds in obtaining correct 

classification about six times out of 10, but it cannot predict when 20% extra duties will be added. The 

company representative reported that the situation is improving as customs officials who are not educated 

about PV systems and components increasingly use the Internet for research. 

71. Import surcharges or other border taxes were identified as a major NTB by three respondents. 

The European power components company says its trade with India is not benefiting from the reduction in 

tariffs enacted in the 1990s because countervailing duties and other surcharges raised the total cost of 

tariffs and other taxes to approximately 36%. The international consultant alleged that surcharges and other 

taxes add 15% to the cost of importing to many countries in Africa, South Asia and Latin America. Often 

these are caused by misclassification of products and technologies with which customs officials are 

unfamiliar. A European manufacturer reported that Korea had imposed 19% additional surcharges on 

foreign PV equipment early in 2008, although the surcharge has since been removed. 

72. The European company also reported customs clearance problems in several countries. In the 

first place, exporting from China requires cumbersome pre-shipment inspections that often delay shipments. 

The consequences of these delays can be compounded when shipments are bound for an emerging 

economy in which it is difficult to amend or extend a letter of credit. Delays caused by Chinaôs export 

inspection process are compounded when shipping to Bangladesh, which requires pre-shipment inspections. 

73. Similarly, a U.S. company with manufacturing in Chinese Taipei and the Philippines reported a 

minor problem with mandatory fumigation of non-coniferous wooden packing materials. After the United 

States began requiring fumigation of wood packing materials from China due to concern about pests, 

China retaliated with a similar requirement without justification. The fumigation can be avoided by using 

plastic pallets and materials, but obtaining the required certificate showing the lack of wooden materials 

causes delays. 

74. Two PV firms reported moderate problems with import licensing. The European power 

components company declared that India does not publish sufficient information about licensing 

requirements. In the past it could take up to a year to get a license. While the process has become 

somewhat less burdensome, it is still too confusing and difficult to accomplish without hiring a local agent. 

This increases costs. The Australian power electronics manufacturer indicated that exporting to Egypt 

required a statement of origin and a stamp from the Egyptian embassy, which raised the price of each 

shipment by USD 200. Additionally, when an Egyptian customer returns a product for servicing, the 

customs service usually applies tariffs for a new good when it is shipped back to the customer. 

75. Two respondents identified subsidies or tax benefits given to domestic firms as a significant 

obstacle to trade in PV modules. A European manufacturer said this obstacle exists in Korea, although the 

firmôs representative could not quantify the impact. A Chinese manufacturer acknowledged that its 
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domestic sales benefit from subsidies or tax benefits given to domestic firms. This firmôs representative 

commented that while the European market requires certification, it was relatively free in other ways, as 

opposed to the Chinese market in which the government placed multiple restrictions on foreign companies 

seeking to export PV systems and components. 

76. Two respondents identified non-transparent or arbitrary government-procurement procedures as 

problems, but called them minor NTMs because they do not participate in government tenders. However, 

these respondents said that their companiesô perceptions of government tendering procedures has led them 

to avoid participating at all. Therefore, the NTM may be more accurately considered as prohibitive. The 

European power electronics company indicated that unofficial payments are required to win tenders in 

India. The U.S. company manufacturing in Chinese Taipei and the Philippines reported that the company 

perceives that tenders in Thailand, Chinese Taipei and several African and Latin American countries 

provide generic technical requirements, thereby giving decision-makers the flexibility to choose vendors 

who are politically connected or offer the right incentives. 

77. Closely related to government-procurement procedures is the issue of informal "additional 

payments" required to effect imports, which was identified as a major or prohibitive NTM by two 

respondents. The U.S. consultant said bribes in many developing countries typically raise by 30% the cost 

of importing PV equipment, while the U.S. company manufacturing in Chinese Taipei and the Philippines 

reported that it does not seek to export to many African countries because of the requirements for informal 

payments. 

78. The European power components company reported a one-time experience with restrictions on 

investment that constituted a prohibitive NTM in India. The company received World Bank funds to 

develop Indian manufacturing capacity, but the Reserve Bank of India prohibited direct investment. As a 

result, the investment had to be structured as preferred shares, a process requiring about a year. Then bank 

procedures made the companyôs repayment process extremely difficult and cumbersome. In the future, the 

company will likely avoid such investments in India. 

79. One respondent also identified a trade-related barrier that did not stem from government policies 

but market factors. The European importer-reseller of PV equipment from China and the USA reported 

that Chinese brands of PV equipment suffer from an undeserved negative perception among Europeans 

about the quality of Chinese goods. 
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CONCENTRATED SOLAR T HERMAL POWER  

Introduction  

80. Sunlight has been concentrated with mirrors or lenses since the time of ancient China. In the 15th 

century, Leonardo Da Vinci proposed using large-scale solar concentrators to weld copper. Four centuries 

later, sunlight was successfully concentrated to power a steam engine. Over the following half-century, 

various inventors developed solar-powered devices for irrigation, refrigeration and locomotion. 

81. The oil supply shocks of the 1970s initiated the modern era of research and development into 

concentrating solar-thermal power (CSTP) technology. National labs in the United States and Spain led the 

research, development and demonstration (RD&D) efforts, and pilot CSTP projects were constructed in 

Spain and California. With the easing of the immediate energy crisis, support for CSTP research was 

reduced or eliminated. It was not until the early 2000s and the emergence of greenhouse gas (GHG) 

mitigation as a policy driver that RD&D efforts were renewed on a significant scale. 

82. CSTP is similar to other means of producing electricity from thermal sources, inasmuch as it 

involves a steam-driven turbine connected to an AC generator. But the heat to drive the turbine comes 

from concentrating sunlight rather than combusting fuel. There are four principal technologies in various 

stages of technical and commercial development. According to the European Solar Thermal Electricity 

Association (ESTELA), the technology most widely used in existing projects (and proposed projects in 

Europe) is the parabolic trough, in which curved troughs of reflectors concentrate sunlight onto a hollow 

receiver tube where fluid is heated. The other technologies in an earlier or emerging status include: tower 

technologies, in which an array of movable mirrors (heliostats) concentrate sunlight onto a central tower 

where fluid is heated; dish stirling, in which dishes (resembling satellite dishes) concentrate sunlight onto a 

thermal collector coupled with a Stirling engine; and fresnel, which is similar to parabolic trough, with 

angled plane Fresnel mirrors used to concentrate sunlight more efficiently. Because CSTP requires that the 

reflecting troughs or heliostats track the sun, they must employ motors guided by solar-tracking devices. 

83. CSTP is an emerging industry with a relatively small number of market participants compared 

with solar PV, wind power, bio-energy and other renewable energy technologies. Companies active in the 

industry include engineering firms with power and utility practices, specialized developers of CSTP 

technology, component vendors and others. Many firms have diverse business models, seeking to add 

value and generate revenues at many stages of the process of developing CSTP projects. For example, 

engineering and technology firms can supply services on a consulting basis, provide turn-key engineering, 

procurement and construction (EPC) services to project developers or establish their own CSTP projects, 

or sell electricity as independent power producers (IPPs). 

84. For this chapter, seven firms were interviewed: three vendors of CSTP technology or components, 

three engineering firms with CSTP practices and proprietary technology, and one CSTP technology 

developer. 

Abundant Solar Resources, Limited Economic Viability 

85. CSTP is technically feasible in many locations with abundant direct solar radiation, generally 

between the latitudes of 35º north and 35º south. But according to industry sources, CSTP plants are very 
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expensive and can therefore only be built and operated profitably in countries or regions where there is not 

just adequate solar resources but also robust support schemes and high market prices for electricity. 

86. While costs per kWh of electricity from CSTP plants are difficult to estimate due to the fact that 

CSTP is still an emerging technology, it is clear that electricity generated with CSTP is far more expensive 

than that produced with fossil thermal technologies or even with wind power. The Spanish FIT for CSTP 

may be something of a benchmark. According to the representative of an engineering firm with extensive 

experience in the Spanish CSTP market, the FIT guarantees a fixed price of ú0.34 per kWh or a price of 

ú0.29 supplemented by spot-market power prices. The term for either arrangement is 25 years. (As noted 

below, the future growth of the Spanish CSTP market is uncertain due to mandatory adjustments pending 

when capacity reaches the 500 MW quota.) 

87. The United States and Spain lead the world in the development of solar thermal power, and 90% 

the new capacity (5.6 GWe) expected to come on stream by 2012 will be in these two countries (Dunn, 

2008). The largest CSTP complex in operation today is the 354 MW Solar Electricity Generating Station in 

the Mojave Desert in California, built between 1985 and 1991. This was not followed by another CSTP 

plant in the United States until the 64 MW Nevada Solar One plant went into operation in June 2007 

(Figure 1). The reason for this gap in new investment was that oil prices fell in 1986, dragging down the 

prices of other fossil fuels, notably natural gas, and did not return to pre-1986 levels until the mid-2000s. 

88. Spainôs first commercial-scale CSTP plant also came online in 2007: the 11-megawatt PS10 

tower. The tower forms part of the 300-megawatt Solúcar Platform, which, when it is completed in 2013, 

will comprise ten CST plants, saving 185 000 tonnes of CO2 emissions annually (Dorn, 2008a). 

Figure 1. World Installed concentrating solar thermal power capacity, 1980-2007 

 
Source: Dorn (2008a). Data from http://www.earth-policy.org/Updates/2008/Update73_data.htm#table1. 

89. Economic and policy incentives are partly responsible for the renewed interest in CSTP. The 

United States federal government, for example, provides a 30% federal Investment Tax Credit for solar 

power through the end of 2009. Renewable Portfolio Standards exist in 26 states, including Californiaôs, 

which requires that utilities obtain 20% of their electricity from renewable sources by 2010. Spain has a 

feed-in tariff that guarantees that electric utilities must pay power producers ú0.26 (35¢) per kilowatt-hour 

for electricity generated by CSPT plants for 25 years. Other European nations that have enacted 

preferential FITs for CSTP include Germany, Italy and Greece. Algeria has also enacted a preferential FIT. 
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90. Dorn (2008a) expects that, outside the United States and Spain, incentives for CSTP provided by 

France, Greece, Italy, and Portugal are expected to stimulate the installation of 3.2 GWe of new capacity 

by 2020. In Israel, a 19.4¢ per kilowatt-hour feed-in tariff for solar power systems is expected to lead to the 

development of up to 250 MWe of CSTP in the Negev Desert. Other countries developing CSPT include 

Australia, Algeria, Egypt, Iran, Jordan, Mexico, Morocco, South Africa, and the United Arab Emirates. 

91. Spanish, German and American companies contacted for this study expressed scepticism at price 

projections that have been made public for CSTP projects in the United States of under USD 0.17 per kWh. 

One representative of a European engineering firm with extensive CSTP experience explained that the cost 

of CSTP plants will not decline significantly with increased production and deployment, as has occurred 

with solar PV modules. ñWeôre talking about physics: steel, concrete, glass and the conventional steam 

cycle,ò he said. He estimated that through advanced fluid technologies and more efficient component 

design, the CSTP industry can achieve a maximum of  a 30% reduction in cost per kW of capacity. 

92. Due to these high costs, most developing countriesðregardless of how abundant is their solar 

radiationðare not likely to become major markets for CSTP. However, CSTP is emerging as a potential 

energy source in a few developing countries, particularly those (like Algeria, Mexico, Morocco, Egypt) 

that have the potential to export electricity to the United States or Europe. Informants reported significant 

government incentives and market activity in Abu Dhabi, Algeria, Mexico, Morocco, Egypt, Israel, Turkey 

and India. South Africa is conducting feasibility studies for CSTP projects, according to reports published 

by the national electric utility , Eskom. 

93. According to one CSTP-component vendor, the Indian federal government has enacted ñvery 

aggressiveò tax incentives for CSTP, and the states of Rajastan and Gujarat have established FITs for solar 

PV and CSTP. Unfortunately, according to the source, the federal government put unrealistic deadlines on 

the programme, requiring projects to be up and running by March 2009 in order to qualify for the tax 

benefits. ñThey got ahead of what the industry was ready and willing to provide,ò said the industry source. 

But if the incentives can be rescheduled, he believes that the ñthe Indian market holds promise,ò noting that 

the country has frequent electricity shortages, declining coal reserves and abundant solar radiation. 

94. One person interviewed for this study indicated that CFE, the Mexican state utility, is 

investigating CSTP plants in the largely uninhabited desert regions just south of the U.S. border. If new 

high-voltage transmission systems are built to reach the distant resources, the plants could serve domestic 

load as well as exporting electricity to the United States. 

95. A major CSTP initiative is underway in Abu Dhabi, UAE, at the experimental advanced-energy 

initiative known as Masdar. Torresol Energy, a joint venture between Masdar and Spanish engineering 

firm Sener, is developing three CSTP plants in Spain, according to the Masdar website. Additionally, 

Masdar is developing a 100 MW CSTP plant in Abu Dhabi, as well as wind power and other renewable 

energy projects. 

96. In some developing countries, including Morocco, Algeria and Eygpt, hybrid CSTP-gas facilities 

are being proposed. These configurations add 25 to 30 MW of CSTP capacity to a new natural-gas-fired 

power plant of 100 MW or more, a design which costs much less than a stand-alone CSTP because the 

same power block uses the thermal energy from the gas combustion and the solar energy from the CSTP 

units. 
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Market Conditions and Policy Issues Affecting the Future of CSTP 

Limitations of Existing Feed-In Tariff Regimes 

97. One CSTP component vendor complained that FIT regimes for CSTP in Greece and Italy are 

very complicated and expensive to access, retarding CSTP deployment in those countries. Additionally, 

deployment of CSTP in Greece is constrained by the scarcity of flat land. 

98. Three firms averred that the Spanish FIT has inspired a great deal of investment and exploration 

of CSTP opportunities, but that a bottleneck has formed in the pipeline of proposed projects. A 

representative of an engineering firm with extensive experience in the Spanish CSTP market said that 

approximately 700 MW is under construction and more than 11 000 MW of capacity is currently in some 

phase of development. In this expertôs view, the project proponentsô level of confidence is reflected by the 

fact that they have all paid at least ú1 million per 50 MW of proposed capacity to Spanish grid operators. 

He estimated that the potential for CSTP capacity in Spain is almost infinite, especially since new air-

cooled condensing technology can eliminate the need for cooling water. 

99. But, according to this same expert, the future of the Spanish build-out of CSTP has been thrown 

into question because the enabling law requires that the FIT be revised after capacity reaches 85% of a 500 

MW quota. As a result, developers of some projects now under construction and all developers of pending 

projects do not know what their power prices will be. As a result, equity investors and lenders have ceased 

financing new projects. The expert estimated that unless an adequate new FIT rate is established soon, the 

development pipeline will dwindle and Spain will face a period of one-and-a-half to two years during 

which no CSTP plants will be built. 

Restrictions on Cross-Border Sales of Subsidized Renewably Generated Electricity 

100. Three industry sources active in the European market consider national restrictions on imports of 

renewably generated electricity to be an indirect trade barrier that impedes the growth of CSTP and other 

renewable energy technologies in Europe. Because of the superior solar resources in Spain, Italy and other 

southern European countries, those countries could be net exporters of CSTP-generated electricity. While 

there is no restriction on the physical transmission of renewably generated power across borders, under 

existing laws, CSTP producers would receive market rates rather than preferential rates for exported 

electricity. Only a German CSTP producer, for example, could receive the German FIT. But, with Spainôs 

solar resource several times that of Germanyôs, cross-border generation would lower the costs of electricity 

from CSTP significantly, these sources contend. 

101. These industry sources believe that a harmonized EU-wide support system for CSTP and other 

renewable technologies would lead to more economically efficient deployment of power generation 

facilities based on available resources. Such EU-wide harmonization has been considered by the European 

Commission (EC), which concluded in December 2005 that it was ñtoo earlyò to analyze the relative merits 

of national renewable-energy support programsðwhich include various configurations of preferential FITs 

as well as renewable energy standards, or quotas, combined with tradeable green certificates (TGCs). Such 

analysis would be required before designing an EU-wide support program, according to the EC. The 

European Wind Energy Association agreed, and argued in December 2008 that the ECôs conclusions were 

still valid. ñA hasty move towards a harmonized EU-wide payment mechanism for renewable electricity 

would put European leadership in wind power technology and other renewables at risk. Changes in 

frameworks always create uncertainty and have to be based on sound knowledge and well-proven tools.ò 

102. The CSTP industry sources not only hope to see a harmonized EU-wide support systems for 

CSTP, but they recommend that North African CSTP generators also qualify for European FITs or TGCs. 
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ñHouseholds throughout Europe should have the option of purchasing green power from a concentrating 

solar thermal plant in Spain or North Africa,ò said one. ñOn a macro scale, Europe could lower its 

dependence on oil and gas by establishing a third source of energy: renewable power coming from the 

deserts of North Africa and the Middle East.ò 

Non-tariff measures 

103. Industry sources interviewed for this study reported few significant problems with non-tariff 

trade barriers (NTBs). This is partly due to the fact that, as an emergent industry, CSTP goods and services 

are only lightly traded within a small number of countries. Additionally, many engineering companies 

seeking to participate in developing CTSP projects in foreign markets have only recently begun to 

investigate or establish CSTP offices outside of their home countries, and thus have little direct experience 

with NTBs. Much of what informants related had to do with their perceptions of potential NTBs in 

countries where they have some expectations of doing business in the future. And, even considering 

potential problems in such markets, the industry sources reported that they are not greatly concerned with 

NTBs related to goods since many of the components and materials of CSTP plants can be acquired 

domestically. 

Tax incentives favouring domestic firms 

104. All three engineering companies consider the U.S. tax incentives for CSTP power generators to 

make it difficult or impossible for foreign project developers to enter these markets because they have no 

tax liabilities from which they can derive value from tax credits or accelerated depreciation. According to 

Climate Change Business Journal (January/February 2009), this equally a barrier to most domestic project 

developers, because only very large firms can efficiently monetize the tax incentives. But in 2008, U.S. 

federal law was changed to allow investor-owned utilities to qualify for certain renewable energy tax 

credits. This has made it more favorable for U.S. utilities to develop, own and operate CSTP projects and 

other renewable energy projects. No comparable advantage has been secured by foreign utilities and 

energy companies, some of which are active in developing CSTP projects in the United States. 

Additionally, as of March 2009, it was not clear whether the U.S. Administrationôs ñgrant in lieu ofò tax 

credit provision, which was designed to provide incentives for renewable energy project developers 

independent of current-year tax liabilities, will be available to foreign entities. 

Burdensome pre-shipment inspection or customs procedures  

105. One vendor of CSTP components reported that pre-approval is required to ship CSTP 

components to Iran. The approval process requires that an auditor visit the factory site. Finding an 

available auditor, scheduling the visit and completing the audit adds from one day to one week to shipping 

time. A small cost, passed on the purchaser, is incurred as well. 

Inadequate Protection of Intellectual Property Rights  

106. Five of the companies interviewed cited concerns about intellectual property (IP) rights; three 

discussed this concern in relation to China; one discussed it in relation to China, India and other Asian 

countries; and one discussed it in relation to India. None of the firms had experienced IP theft in these 

countries, but reported that based on concerns about IP security, their firms had varying degrees of 

reluctance to enter those marketsðeither as suppliers of goods and services related to future CSTP projects 

or as contract buyers of manufactured CSTP components. 

107. An engineering firm with proprietary technology reported that it currently contracts only with 

manufacturers that provide the strongest assurances of IP protection, all of which are in OECD countries. 

Given the lower costs of manufacturing in China, the firm has considered contracting with Chinese 
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producers, and received offers from Chinese producers. But the firm has thus far declined to contract with 

Chinese manufacturers due to IP concerns. The firm believes that its incentive to source components in 

China will grow as the CSTP market matures, and that it will eventually have to figure out how to secure 

its IP while doing business with Chinese suppliers. 

108. Another engineering firm expressed a similar concern about the IP embodied in design and 

engineering documents when dealing with suppliers in Thailand, China, Vietnam and India. It was of the 

opinion that IP thefts in these countries occur despite laws and government efforts to protect IP. As a small 

firm it does not have the resources to litigate with suppliers that violate non-disclosure agreements in 

foreign countries. 

109. A third engineering firm related that it would be concerned about IP protection if it got involved 

in developing CSTP projects in China; the informant indicated that there is a solar resource with sufficient 

radiation for CSTP in Inner Mongolia. 

110. The CSTP technology developer said his firm was aware of many instances in which the IP rights 

of other firms (not in the CSTP industry) had been violated in China. As his firm contemplates sourcing 

CSTP components from Chinese manufacturers, it will deal only with companies that have a high 

international profile and reputations for integrity. Contracts will also be structured so that the supplying 

firm has a stake in protecting the market value of the relevant IP. 

111. The vendor of CSTP components hopes to sell equipment to Indian CSTP project developers, as 

well as contract with manufacturers there. Concerns have been raised within the firm about IP protection in 

India based on the countryôs reputation; the vendor acknowledged that the firm is in the early stages of 

investigating how to secure its IP in India. 

Technical product regulations and standards 

112. One European engineering firm reported that U.S. standards for engineering and building projects 

such as CSTP plants vary from state to state and even by counties within states. The firm also must convert 

engineering documents from the metric system to U.S. standard measurements. This can add from 10 to 50 

percent to the cost of design services; the firm plans to train its own staff to perform the conversions, 

which are now being done by vendors. 

Regulations on payment or restrictive foreign exchange  

113. The CSTP technology developer interviewed for this study reported that its plans to license CSTP 

technology to clients in India face a potential barrier in that countryôs cumbersome rules relating to the 

repatriation of profits. 
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WIND -POWERED ELECTRICITY GENERATION  

Overview 

114. Wind-powered electricity is typically generated by attaching blades to a horizontal-oriented shaft 

connected through a gear box to a generator. Wind power forces the blades and shaft to rotate, which in 

turn prompts the circumgyration of the generator and yields electricity in the process. A gearbox is often 

fitted to the wind turbine in order to expedite the rotation of the blades which would otherwise rotate too 

slowly to efficiently drive an electricity generator. Since wind-powered electricity generation relies on 

naturally occurring wind as the sole source of energy, CO2 emissions from this form of electricity 

generation are virtually zero during production and significantly lower on a life-cycle basis than fossil-fuel 

based power generation. 

115. According to the World Wind Energy Association (WWEA), the total installed capacity of wind-

turbines reached 93.8 GW by the end of 2007 (WWEA, 2008), of which 19.7 GW has been added during 

2007, a growth rate of 27% from the previous year.
12

 Wind power currently supplies 1.3% of global 

electricity demand. Germany has the most installed wind power capacity (22.2 GWe), followed by the 

United States (16.8 GWe), Spain (15.1 GWe), India (7.9 GWe) and China (5.9 GWe). In terms of growth 

rate, however, China demonstrated the greatest performance amongst the top five, more than doubling its 

installed capacity between 2006 and 2007. On the back of the strong growth in the wind industry, the 

WWEA estimates that the total installed capacity for wind-power generation will reach 160 GW, or an 

annual growth rate of 22%, by 2010. 

116. The growth of the wind power market in recent years has been driven by rising fuel costs for 

fossil fuel based power generation and conducive measures enacted by governments to encourage its 

expansion. A study by the US Department of Energy (USDOE) estimates that some 825 million metric 

tons of CO2 emissions, or 25% of the CO2 emissions from the countryôs electric sector, could be reduced in 

2030 if 20% of the countryôs total energy demand is met by wind power, which currently accounts for less 

than 1%. Because other, more traditional forms of power generation require significant quantities of water 

for cooling purposes, a switch to wind power would also reduce water consumption. According to the same 

study by the USDOE, a share of 20% for wind power in US electricity would bring about a 17% reduction 

in water consumption by the electric sector in 2030.
13

  

Description of the technologies 

117. A wind turbine is a machine that converts the kinetic energy in wind into mechanical rotation, 

which in turn drives an electrical generator. Wind turbines are made in a multitude of shapes and sizes, 

from small devices producing a few hundred watts of power to massive towers, the largest of which are 

rated at 5 000 000 watts (5 MW). Most commercial wind turbines, especially large ones, are horizontal-

axis machines. The share of the market supplied by wind turbines that transfer mechanical rotation along a 

                                                      
12

  Other bodies in the field report different figures. The Global Wind Energy Council, for example, reports a 

volume of new added capacity of 20,070 MW in 2007 

13
  US Department of Energy, 2008 (see www.20percentwind.org/20p.aspx?page=Report) 

http://www.20percentwind.org/20p.aspx?page=Report
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vertical axis is tiny. Large wind turbines are sometimes built in isolation, but in OECD countries most are 

installed in groups (wind farms) of ten or more, sometimes even in the hundreds. 

118. Figure 2 shows the main working elements of a wind turbine. The two or three blades (fore-

shortened in the Figure) that together with the hub make up the rotor, are the most expensive part of the 

machine. The turbine blades, the largest of which can reach more than 50 metres in length and weigh 15 

tonnes or more, are often made of composite materials (e.g., graphite fiber in epoxy) or fibreglass, and 

require precision manufacturing techniques. The gearbox transforms the relatively slow rotation of the 

blades (30 to 60 rotations per minute (rpm)), into a speed required by the generator to produce electricity 

(1200 to 1500 rpm). Because gearboxes are costly and heavy, engineers are exploring direct-drive gener-

ators that would operate at lower rotational speeds without a gearbox. Until such generators are developed, 

most wind turbines will continue to use standard induction generators that produce 50- or 60-cycle AC 

electricity. 

Figure 2. Partial side view of a wind turbine 

 

Source: Iowa Energy Center, Wind Energy Manual, Ames, Iowa, 2005, p. 7 

http://www.energy.iastate.edu/renewable/wind/wem/wem-07_systems.html 

Industry supply-chain structure 

119. The wind turbine industry is currently dominated by a few highly integrated firms, led by Vestas, 

GE Energy, Gamesa, Enercon, and Suzlon (Table 6). Over time, however, the market has shown itself to 

be contestable, particularly through acquisitions. Moreover, because of the size of wind turbines, shipping 

costs are significant, which favours local manufacturing.
14

 According to the World Bank (2007) the wind 

energy industry is ñwitnessing a rapid globalization of its operations, with many companies considering 

investments overseas to be competitive.ò It cites recent investments in manufacturing capacity by Vestas in 

Australia and China, by Nordex, Gamesa and Acciona in China, and by Gamesa in the United States. 

Suzlon of India has established plants for gearbox technology in Belgium, technology innovation in 

Denmark, process engineering in India, aerodynamic development in the Netherlands, and composite wind 

turbine technology in Germany, according to CCBJ. The Climate Group (United Kingdom), a non-

governmental organization, expects that China will become the worldôs leading manufacturer of wind 

                                                      
14

  Manufacturers in some countries also benefit from local content preferences. 

http://www.energy.iastate.edu/renewable/wind/wem/wem-07_systems.html
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turbines by 2009. Indiaôs Suzlon plans a global expansion of its manufacturing capacity from 2 700 MWe 

to 5 700 MWe by the end of 2009. 

Table 6. Leading producers of wind turbines in 2007 

Company Home country Share of global production 

Vestas Denmark 23% 
GE Energy United States 17% 
Gamesa Spain 15% 
Enercon Germany 14% 
Suzlon India 10% 
Siemens Germany 7% 
Acciona Spain 4% 
Goldwind China 4% 
Nordex Germany 3% 
Sinovel China <3% 
Repower Germany

1
 <3% 

Mitsubishi Japan <3% 

1. Acquired by Suzlon. 
Source: BTM Consult. 

120. In addition to the turbine manufacturers mentioned above, industry sources estimate that there are 

an additional 30 smaller manufacturers that delivered turbines in 2007. The wind turbine supply chain 

includes also non-integrated manufacturers of blades, generators, gearboxes, bearings, power electronics, 

towers and other components. Wind-energy project developers are important actors in the wind power 

business. Some of the leading international wind power developers include Iberdrola (Spain), Scottish 

Energy (acquired by Iberdrola), EDP Energia de Portugal, E.On (Germany), Horizon Wind Energy (United 

States, acquired by EDP) and Naturener (Spain). 

121. The CCBJ estimates that sales of wind turbines generated almost USD 30 billion in revenues in 

2007, and wind farms earned USD 9.6 billion from electricity sales. By 2012, the CCBJ estimates that 

turbine sales (not including the cost of constructing the wind farms) will reach USD 55 billion annually 

and electricity sales will reach almost USD 33 billion. 

Market potential and main policy drivers 

122. First deployed widely in the 1920s for off-grid applications, wind turbines advanced dramatically 

in the latter part of the 20
th
 century driven by increasing public preference for renewable energy and 

government policies in the United States, Europe and elsewhere that subsidized research and development, 

provided incentives for wind power facilities (wind farms) and required utilities to purchase increasing 

amounts of electricity from wind and other renewable generation sources. Also driving growth in the wind 

power industry is the trend toward larger turbines (the largest are now over 3 MW) taller tower heights and 

larger rotor diameters, all of which reduce unit costs and improve capacity factors. 

123. Many governments are supporting wind power as a means to achieve ambitious renewable 

energy goals. For example, wind energy is expected by the European Wind Energy Association (EWEA) to 

provide 12% to 14% of electricity demand in the European Union by 2020, when the EU target of 20% 

renewable energy must be met. For another example, China has announced a goal of generating 15% of its 

electricity from renewable sources by 2020; while hydroelectric power will contribute the largest share, 

wind energy development in China is exceeding expectations. With 6 GW of wind power capacity installed 

by the end of 2007, China surpassed its previous goal of adding 5 GW by 2010.  

124. In the United States there are as yet no federal renewable energy generation goals, but 

renewable portfolio standards (RPS) in Texas, California and more than 22 other states have driven growth 
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of wind power capacity in the United States to 16.8 GW in 2007. In 2007 alone, some 5.2 GW of new 

capacity was added to the U.S. grid. Leading states for wind power are Texas, California, Minnesota, 

Washington and Iowa. However, the U.S. market for new wind power capacity is heavily dependent on the 

federal production tax credit (PTC). From 1998 through 2007, the PTC was allowed to expire several times, 

resulting in large declines in wind power installations the following year. The U.S. Congress has yet to 

enact a long-term PTC that developers and manufacturers could count on to plan capacity expansions with 

a multi-year horizon. An annual extension of the PTC was approved in October 2008, however. 

125. In 2007, wind power capacity increased in Europe by 18%, reaching 56.5 GW, according to the 

European Wind Energy Association (EWEA). It estimates that wind power provided 3.7% of power 

demand in the EU in 2007, up from 0.9% in 2000. However, the percentage of power supplied by wind 

varies greatly from country to country. Denmark (21.2% of electricity demand met with wind power in 

2007), Spain (11.8%), Portugal (9.3%), Ireland (8.4%) and Germany (7%) have achieved high wind 

generation levels, while most EU member states have yet to meet 2% of demand with wind. 

126. In the European countries generating the largest proportion of their electricity with wind power, 

growth of wind power may slow in coming years as utility grids start to encounter significant stresses from 

the intermittence of wind energy. While the nature of electricity requires that generation match demand 

instantaneously, wind resources are inherently intermittent; variations in the output of wind farms must be 

compensated for with other generation resources (which adds to total system costs) and managed with 

sophisticated transmission controls. Where small wind turbines provide power for off-grid (isolated) uses, 

additional costs must be incurred for inverters, charge controllers and batteries (around USD 70 per kWh 

capacity) 

127. To accommodate large volumes of intermittent wind energy on an electricity grid, electricity 

storage technology is being developed. These technologies can store wind-generated electricity at those 

times that wind generation is high but demand is low, then dispatch the stored electricity to the grid when 

demand is high. Energy storage technology such as advanced batteries and flywheels are being tested with 

this goal in mind. One advanced demonstration project is underway between the Danish utility Dong 

Energy and U.S. firm Better Place. The joint venture aims to deploy electric vehicles in Denmark and use 

them as a distributed energy storage resource. The project would include advanced charging systems, 

power electronics and so-called ñsmartgridò technology to facilitate two-way power flow from millions of 

homes. 

128. According to the EWEA, electricity market restructuring and expansion of high-voltage long-

distance transmission capacity will also be necessary to facilitate greater trading of wind-generated 

electricity across national borders in Europe. Another challenge to future wind power development in 

Europe is the fact that in Germany, the United Kingdom, Denmark and the other Nordic countries, large 

additions of wind capacity must be developed offshore. At the present time, only two wind turbine vendors 

ð Siemens and Vestas ð have significant experience supplying offshore wind projects. Additionally there 

is a reported shortage of vessels capable of installing offshore wind facilities. 

129. Aside from the top 10 wind power countries mentioned above, many other countries are 

developing wind power resources. GWEC statistics for net capacity installed by the end of 2007 show 

almost 3 GWe of wind power capacity installed outside of Europe and the United States (Table 7). From 

2006 to 2007, many countries with relatively immature wind energy markets increased their installed 

capacity of wind power by 30% or more in 2007, according to GWEC. These include Chile (900%), 

Chinese Taipei (53%), Egypt (35%), Iran (40%), Morocco (94%) and Turkey (737%). 
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Table 7. Installed wind-power capacity outside of the Europe1 and the United States, end-2007 

Economy Installed capacity (MWe) 

Canada 1 846 
Japan 1 538 
Australia 824 
New Zealand 322 
Egypt 310 
Chinese Taipei 282 
Brazil 247 
Korea 191 
Turkey 140 
Morocco 124 
Mexico 87 
Costa Rica 74 
Iran 67 
Argentina 29 
Philippines 25 
Other countries

2
 172 

Total 2894 

1. Including Bulgaria, Croatia, Faroe Islands, Iceland, Norway, Russia, Switzerland, and the Ukraine. 

2. Mainly Chile, Colombia, and Pacific and Caribbean nations. 

Source: Global Wind Energy Council (2008). 

130. Among the estimates of future growth in developing countries recently made by RNCOS 

Industry Research Solutions (India) are that wind Power in China will exceed 100 GW by the end of 2020, 

and that Egypt, Brazil and Turkey are expected to each exceed 1 GW of installed capacity within two years. 

RenewableEnergyAccess.com reports that the Turkish government has received wind farm applications 

with total operating capacity of more than 8 GW. All told, WindEnergy (2008) expects an additional 

450 GWe of wind-powered capacity to be installed outside of Europe over the next 10 years (Figure 3). 
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Figure 3. Historical and projected installed wind-power capacity, 1999-2017 (GWe) 

 

Source: WindEnergy (2008). 

131. While the story of the wind power development to date has been the robust growth in Europe and 

North America, many developing countries are expected to sharply increase their wind power installations 

in the coming decade. The growth is being driven in large measure by a desire for greater domestic energy 

resources that are not subject to sharp fuel price increases. Aid programs from developed countries and 

Clean Development Mechanism credits are funding many wind farms in developing countries; such 

programs may increase as a result of the current round of climate negotiations under the United Nations 

Framework Convention on Climate Change. 

Trade-related barriers 

Tariffs 

132. Applied MFN tariffs on wind-powered electric generators are low or zero in most OECD 

countries, and in several emerging economies (Table 8). Thailand applies a tariff of only 1% to large wind 

turbines, but 10% on turbines smaller than 10 MWe rated capacity. 
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Table 8. Applied MFN tariffs levied by selected OECD and non-OECD economies on selected goods relevant 
to wind-powered electric generators 

(percentage ad valorem) 

Economy Wind-powered 
electric 

generators 
(HS 8502.31) 

Canada 0% 
EU 0% 
Japan 0% 
Korea 8% 
Mexico 0% 
United States

1
 2.5% 

  
Brazil 0% 
China 5% 
India 7.5% 
Indonesia 10% 
Philippines 1% 
Russia 0% 
South Africa 0% 
Thailand 1% for >10 MW 

10% for <10MW 

1. As a percentage of FOB value. 

Sources: ǒ EU: TARIC database; ǒ all other countries: European Commission, ñApplied Tariffs Databaseò, 
http://mkaccdb.eu.int/mkaccdb2/indexPubli.htm (data are for mid-2008). 

Non-tariff measures (NTMs) 

133. This section summarizes the responses of the six wind power companies who participated in 

confidential interviews to discuss trade-related measures that may be impeding trade in wind power. The 

informants included three manufacturers of wind turbines or components (one of which also resells 

turbines made by third-parties), one manufacturer of electrical components for wind power facilities, a 

Canadian utility seeking to deploy more wind power, and a consultancy that advises wind power users and 

equipment manufacturers. 

134. The most common NTM mentioned by industry sources in the wind power sector was 

burdensome product standards, technical regulations and approval procedures. All respondents cited this 

as at least a minor NTM in developed countries, while one respondent perceived it to be a moderate barrier 

in some developing countries. 

135. In terms of developed countries, only one respondent considered this NTM to constitute a costly 

and unfair burden. The representative for a Canadian utility said a requirement that wind turbinesðwhich 

had already been certified to European standardsðbe certified by the Canadian Standards Association 

(CSA) provided little value to the Canadian electricity grid or public while exacting a significant cost for 

wind power development in Canada. This informant considered the CSA requirements for wind turbines to 

be highly prescriptive instead of performance-based. 

136. Because of the immaturity of the Canadian wind energy market, most wind turbine suppliers 

have not been willing to incur the expense, which would likely include equipment modifications, of CSA 

certification, making it incumbent upon Canadian buyers to bear that cost, according to this informant. 

While the cost of certification itself is not major, the utility cannot predict what changes to the turbines will 

be required by the CSA. The company has estimated that the costs of CSA-prescribed modifications for 50 
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to 70 turbines would be between USD 15 million and USD 20 millionða 6% to 8% increase in estimated 

project costs. Additionally, Canadian provinces have additional requirements that vary from province to 

province. 

137. Other respondents regarded certification requirements as a necessary and justifiable cost of doing 

business in foreign markets. A U.S. developer of power electronics for wind energy delayed its entry into 

the United Kingdom for approximately two years while it weighed the costs of required certification 

against likely revenues. Because the products had already been certified in the United States, the company 

at first viewed the UK certification requirement as a costly and redundant exercise. But eventually it was 

convinced of the business potential, and today its UK revenues lead it to consider certification a reasonable 

cost of doing business. 

138. A European wind energy consultant who works in Europe, Africa, North America and Latin 

America said that while technical standards were appropriately administered in developed countries, in 

emerging markets standards for wind turbines were often inconsistent and unclear, sometimes differing 

based on the individual official in charge of the approval process. 

139. Non-transparent or arbitrary government-procurement procedures were mentioned by three 

respondents as moderate to major NTMs. A manufacturer based in the United States and Europe indicated 

that in China utility procurement processes were unclear and appeared to be weighted in favour of 

domestic suppliers. This manufacturer also said that China restricts foreign participation in wind energy 

projects to 49% of the total investment. An Asian manufacturer cited the same problem in Nigeria, saying 

that the company was forced to partner with a Nigerian company to be competitive in a government 

tenderða move that significantly increased the companyôs costs. The European wind energy consultant 

opined that tenders in European countries were not always clear and straightforward either. This informant 

believed that decision-making is concentrated in a few hands and easily subject to arbitrariness. 

140. Two respondents highlighted burdensome pre-shipment inspection or customs procedures as a 

moderate or major NTM. One Asian manufacturer cited Australian customs issues, noting that items must 

be cleaned at the docks and are often quarantined, a significant but not prohibitive cost. A U.S. 

manufacturer and reseller that brokers Chinese wind turbines indicated that the Chinese governmentôs 

export process for review and verification was burdensome, adding an average of three weeks to shipping 

time. Because the turbines have been paid for prior to shipping, the financing costs are considerable. 

Furthermore, the delays have frustrated end-use customers and may lead to loss of sales in the future. The 

reasons for the inspection are unclear to the company. 

141. High or discriminatory taxes or charges and subsidies or tax benefits given to competing 

domestic firms were cited by the European consultant and by a U.S. manufacturer. The consultant related 

that taxation policies and local-content requirements in China, Canada, Portugal and several African 

countries effectively force foreign manufacturers to establish local subsidiaries to install wind turbines. A 

U.S. manufacturer noted that its Chinese competitors benefit from subsidies or tax benefits with the result 

that the companyôs products cannot compete in China. 

142. Informal additional payments were cited by a manufacturer with operations in the United States 

and Europe as a problem in India, while the European consultant identified some eastern European and 

African countries as market environments where bribes are required to do business. The manufacturer 

noted that its company policy forbids making such payments with the result that its Indian imports move 

through customs slowly.  

143. Inadequate protection of intellectual property was alleged by two respondents as a major concern 

in China. The European consultant said that some European manufacturers refused to export wind turbines 
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to China for this reason. And the U.S.-European manufacturer indicated that the risk of such theft in China 

is well-known in the wind power and other industries. 

144. Two informants told the OECD that burdensome cargo handling and port procedures or 

requirements were significant NTBs. In the case of the Canadian utility, the issue is that few shipping 

facilities can handle wind turbines and components because of their size. Being forced to choose between a 

limited number of port facilities has increased costs. The U.S.-European manufacturer cited cumbersome 

union regulations and customs procedures at U.S. ports as adding 0.5% to the cost of parts it imports from 

Europe. To reduce this burden, the company is seeking to obtain such parts in the United States. 

145. Several respondents also identified trade-related barriers that did not stem from government 

policies but could be considered market factors: 

¶ After-sale services. The Canadian utility indicated that because there is such a small domestic 

wind power industry, service contracts are only available from the original equipment 

manufacturers at uncompetitive rates. The European wind energy consultant averred that wind-

turbine operators in emerging markets suffer from a lack of service providers. Both informants 

expressed the view that as markets mature, third-party service providers will likely enter, 

reducing service costs through competition. 

¶ Currency-exchange risks. Given the demand-supply imbalance in the wind turbine manufacturing 

sector, turbines are ordered as long as three years before delivery. The Canadian utility explained 

that it incurs significant currency exchange risk when it commits to purchase European turbines 

(in euros) three years in advance of when payment will be made. Hedging such currency risk 

appropriately requires a great deal of time and specialized expertise. 

¶ Aversion to buying from foreign suppliers. The U.S. manufacturer-reseller explained that a 

potential U.S. customer has objected to buying wind turbines made in Korea because of 

discomfort with the adequacy of warranty service from a manufacturer in a distant countryðeven 

though the Korean supplier has a U.S. subsidiary. An Asian manufacturer indicated that his 

company and other Asian suppliers have an extra burden to gain credibility in developed-country 

markets. 
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 GEOTHERMAL -ENERGY-BASED ELECTRICITY GE NERATION  

Overview 

146. Geothermal energy refers to energy obtained from the subsurface of the earth. There are many 

ways in which energy is obtained and transformed into useful heat or electricity. Warm or hot springs have 

been exploited by people since prehistoric times, mainly for bathing, cooking or washing clothes. Today, 

geothermally heated water is tapped for many heating and process-heat uses, and forms the basis of district 

heating systems in several towns or cities in China, the EU, Japan, Russia, Turkey and the United States. 

147. The use of geothermal energy for the production of electricity dates from 1904, when the first 

plant went into operation in Larderello, Italy. A number of commercial-scale plants geothermal power 

plants are now operating around the world; in 2007 their rated capacity was just under 10 GWe (Figure 4). 

The leading producer of geothermal electricity is the United States, followed by The Philippines, Indonesia 

and Mexico. Iceland, at 27%, has the highest share of geothermal energy in its total electric power 

generation. 

Figure 4. World cumulative installed geothermal electric power capacity, 1950-2005, with projection for 2010 

 

Source: Data source: Dorn (2008b), based on various sources. 

Description of the technologies 

148. The lower temperature of geothermal fluids, compared with the much higher combustion 

temperatures obtained in steam generators fuelled by fossil fuels, imposes inherent limitations on 
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converting geothermal energy to electricity. As explained by the Massachusetts Institute of Technology 

(MIT, 2006): 

Lower energy source temperatures result in lower maximum work-producing potential in terms 

of the fluidôs availability or exergy; and in lower heat-to-power efficiencies as a consequence of 

the Second Law of thermodynamics. The value of the availability determines the maximum 

amount of electrical power that could be produced for a given flow rate of produced geofluid, 

given a specified temperature and density or pressure. 

149. There are three basic types of geothermal energy-conversion technologies that are commercially 

available today, at various stages of maturity: 

¶ Direct steam expansion plants run directly off of geothermal steam. Because of the scarcity of 

pure steam resources, such plants are rare. 

¶ Single- and multistage steam flashing plants include one or more flash tanks, in which hot 

geothermal water arriving under pressure is allowed to expand before it enters the turbine. Some 

of the water turns to steam and is used to drive the turbine; the rest returns to the reservoir as 

water. Most of the geothermal plants currently operating in the world are of this type. 

¶ An organic binary Rankine-cycle geothermal plant passes the geothermal water through a heat 

exchanger in order to vaporise an organic fluid, such as isopentane (C5H12), with a lower flash 

point than water, which then becomes the ñworking fluidò that drives the turbine. This design of 

power plant can produce electricity from geothermal water with a temperatures as low as 74°C 

(e.g., the Chena Hot Springs plant in Alaska). 

150. The main components of a geothermal power plant, besides its electric generator, are: the steam 

turbine, heat exchangers, condensers, pumps, and the piping and valves that connect them. Almost all of 

this equipment, apart from the steam turbine, have multiple uses, and are not unique to geothermal plants. 

Steam turbines typically used in geothermal power applications do differ from those used in other 

applications, however. In particular, they are designed to operate at lower pressures and temperatures than 

steam turbines used in conventional steam-generating power plants.  

Industry supply-chain structure 

151. The geothermal power industry consists of project developers that identify, finance and build 

geothermal power plants; consulting engineering and technical firms that identify and quantify geothermal 

resources, conduct environmental analyses, design, operate and maintain projects; drilling firms that drill 

wells for exploration and production; engineering, procurement and construction (EPC) firms that build 

geothermal power plants; manufacturers of turbine generator sets, heat exchangers and other equipment; 

and other specialty firms. Some firms perform multiple roles, for example, manufacturers sometimes 

develop their own projects and EPC firms often provide multiple technical services with in-house staff. 

152. Exploring for and developing geothermal power resources requires specialized expertise that is 

concentrated in a few countries including Japan, Iceland, the United States, Canada, New Zealand, 

Australia and the Philippines. Most countries with high potential for geothermal power lack the needed 

expertise to develop geothermal resources and construct and operate geothermal power plants. Therefore, 

firms and governments in these countries must import services from foreign firms with such expertise. 

153. The number of firms that manufacturer geothermal turbine generator sets and related components 

is small compared with other energy sectors. There are only 11 major manufacturers of geothermal turbine 
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generator sets and related power plant components. Alstom (France), Ansaldo (Italy), Fuji Electric (Japan), 

GE Energy (United States), Mitsubishi Heavy Industries (Japan), OAO Kalugo Energo (Russia), Ormat 

Technologies (United States), Siemens (Germany), Turboden (Italy), Toshiba (Japan) and UTC/Pratt & 

Whitney (United States). At the most recent international trade show of the Geothermal Energy 

Association in the United States, there were fewer than 100 exhibitors. 

154. Geothermal project developers and power plant owners can be divided into two categories: major 

independent power producers (IPPs) and utilities; and pure-play geothermal developers (Table 9). U.S. 

energy companies Unocal and Chevron had historically been active developers of geothermal power in the 

Southeast Asia. In 2005, Chevron acquired Unocal, and Chevron today is the worldôs largest private owner 

of geothermal power plants with combined capacity of 1 273 MWe in the Philippines and Indonesia, 

according to the companyôs website. There are also a number of firms that provide consulting engineering, 

drilling and similar technical services, and several firms that focus on developing geothermal power 

projects using enhanced geothermal systems (EGS). EGS can tap heretofore inaccessible geothermal 

resources by using hydraulic fracturing techniques to engineer geothermal reservoirs for greater 

permeability and production.  

Table 9. Leading vendors and suppliers in the geothermal supply chain 

Project developers  
(IPPs & utilities) 

Project developers 
(geothermal only) 

Project developers (geothermal power 
using enhanced geothermal systems) 

ArcLight Capital Partners/ 
Terra-Gen Power (USA) 

Magma Energy (Canada)  AltaRock (USA) 

Calpine (USA) Nevada Geothermal Power 
(Canada) 

Green Rock Energy (Australia) 

Chevron (USA) Polaris Geothermal (Canada) Panax Geothermal (Australia) 
ENEL (Italy) Ram Power (USA) Petratherm (Australia) 
EnBW (Germany) Raser Technologies (USA) Potter Drilling (USA) 
Geysir Green Energy (Iceland) Sierra Geothermal (Canada)  

LaGeo (El Salvador) U.S. Geothermal (USA)  

Mid-American/CalEnergy (USA) Vulcan Power (USA)  

Ormat Technologies (USA) Western GeoPower (Canada)  

PNOC EDC (The Philippines)   
   
Consulting engineering and 
technical services firms 

Drilling companies Leading engineering, procurement and 
construction (EPC) contractors 

AMEC (USA) Baker Hughes (USA) Nevada Geothermal Power (Canada) 
Enex (Iceland) B.J. Services (USA) Power Engineers (USA) 
GeothermEx (USA) Boart Longyear (USA) Sinomach (China) 
Geothermal Resources Group (USA) Halliburton (USA) U.S. Geothermal (USA) 
Horizon Well Logging (USA) Iceland Drilling (Wales, UK) The Wood Group (United Kingdom) 

Hot Dry Rocks (Australia) 
Schlumberger (France, Nether-
lands, and USA) 

 

Mannvit Engineering (Iceland) Thermasource (USA)  
Ormat Technologies (USA) Weatherford (USA)  
Power Engineers (USA)   
SAIC (USA)   
Sierra Geothermal (Canada)   
SKM Consulting (Australia)   
West Japan Engineering Co. (Japan)   

Source: CCBJ. 

155. Industry experts say that greater transfer of technical expertise in geothermal power to countries 

with untapped geothermal resources would hasten the development of those resources. Such technology 

transfer can also lead to the development of domestic firms with the expertise and capacity to compete with 

more experienced firms in foreign markets. The Philippines National Oil Companyôs Energy Development 
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Corporation (privatized in 2006), for example, is now competing with foreign firms to develop new 

geothermal projects both within the Philippines and in other countries. 

Market  potential and main policy drivers 

156. Geothermal power can only be deployed in countries with suitable underground geothermal 

resources. The value of any high-temperature geothermal steam resource depends on its temperature, 

pressure, depth from the surface, and distance from potential users. Within the OECD region, high-

temperature geothermal energy is already being exploited in Canada, Iceland, Italy, Japan, Mexico, New 

Zealand and the United States. Outside the OECD region, areas of known economically exploitable 

resources can be found in almost 50 countries, many of which are located along the so-called Ring of Fire 

that roughly follows the coasts of the Pacific Ocean: 

¶ the Andean volcanic belt (Argentina, Bolivia, Chile, Columbia, Ecuador, Peru, and Venezuela); 

¶ the Central American volcanic belt (including parts of Costa Rica, El Salvador, Guatemala, 

Honduras, Nicaragua, and Panama); 

¶ the Lesser Antilles islands in the eastern Caribbean; 

¶ the eastern and southern Mediterranean region (e.g., Algeria, Israel, Jordan, and Tunisia); 

¶ the east-Africa rift system (Djibouti, Ethiopia, Kenya, Malawi, Tanzania, Uganda, and Zambia); 

¶ the Himalayan geothermal belt (which is over 150 km wide, extending 3000 km through parts of 

Chinaôs Yunnan Province, India, Myanmar, Thailand, and Tibet); 

¶ regions along the west-Asian ñRing of Fireò (including eastern China, Indonesia; the Philippines; 

and the Kamchatka Peninsula of Russia). 

157. Dorn (2008b) has estimated that, technically, geothermal electricity could supply 100% of the 

current electricity needs of 39 economies, with a combined population of almost 0.8 billion, including such 

large emerging and developing countries as Indonesia, the Philippines (Box 1) and Ethiopia (Table 10). 

(Whether or not geothermal electricity would be the economic choice for low-carbon electricity has not yet 

been assessed.) A number of east African, and Central and South American countries fall into this category. 

According to one Japanese engineering firm with extensive experience in the region that was contacted for 

this study, 3 000 to 4 000 MW of capacity could be developed in Central America given sufficient 

incentives and policies. 

158. In OECD countries, many regions with the most accessible resources have already been 

developed. Further development must necessarily focus on lower-temperature resources for which more 

expensive binary technology (which uses working fluid with lower boiling points than water to create 

steam) must be deployed. Additionally, many potential projects require drilling of deeper wells and 

exposure of power plant equipment to more corrosive brines, raising the cost of ongoing plant maintenance. 

Such projects are more difficult and costly to design, build and operate than the earlier generation of 

geothermal projects which made use of more accessible, higher-temperature geothermal resources. 
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Table 10. Countries that could meet 100% of their electricity consumption with geothermal energy 

Country Population in 2007 
(thousands) 

Electricity consumption 
(million kWh) 

Geothermal capacity 
required to meet 

electricity demand 
(MWe)

1
 

    

Indonesia  234  34 2 120  330  15  263  

Philippines  89  651  53  670  6 807  

Ethiopia  85  219  2 860  363  

Tanzania  41  464  1 880  238  

Sudan  39  445  3 940  500  

Kenya  38  550  5 500  698  

Uganda  31  903  1 980  251  

Peru  28  221  24  970  3 167  

Yemen  23  066  4 460  566  

Mozambique  21  813  13  170  1 670  

Madagascar  20  215  1 050  133  

Malawi  14  288  1 400  178  

Guatemala  13  686  7 280  923  

Ecuador  13  481  12  940  1 641  

Rwanda  10  009  100  13  

Bolivia  9 694  5 040  639  

Other countries
2
 57  138  43  830  5 559  

Total 772  185  304  400  38  610  

1.  Estimated assuming a capacity factor of 90% (typical of new geothermal power plants). 

2.  In declining size of population: Somalia, Burundi, Honduras, El Salvador, Papua New Guinea, Nicaragua, Costa Rica, Panama, 
Comoros Islands, Djibouti, Fiji, Solomon Islands, Guadeloupe, Martinique, Iceland, Vanuatu, Saint Lucia, Saint Vincent, Grenada, 
Tonga, Dominica, Saint Kitts and Nevis, and Montserrat. 

Source: based on Dorn (2008b). 

159. The potential for development of geothermal power in many other regions of the world is very 

significant, however. According to a consulting engineering firm with extensive experience in the region, 

Central America alone has the potential to develop 3-4 GWe of new geothermal power capacity with 

appropriate incentives and policies. Indonesia has set a goal of building more than 4 000 MW of 

geothermal power capacity by 2014. (It currently has less than 1 000 MW.) In Kenya, approximately 4 000 

MW of geothermal power capacityðtriple the nationôs current electrical generation capacityðcould be 

developed in the Rift Valley given proper market conditions and incentives, according to a study by UN 

agencies and the national power generation utility. 

160. Further into the future, power may be generated by drilling into hot, dry rocks deep beneath the 

earthôs crust. By cycling water through holes bored into these rocks, and producing steam that can be run 

through a turbine, developers could create a large number of additional ñartificialò resources. Development 

of these so-called enhanced geothermal systems (EGS) could lead to an exponential increase in geothermal 

capacity around the world. For example, a recent study conducted by the Massachusetts Institute of 

Technology (MIT, 2008) concluded that EGS projects could provide an additional 100 GWe of geothermal 

capacity in the United States alone by 2050. Although the technology for drilling into hot dry rocks is more 

sophisticated than for conventional geothermal resources, the above-ground technologies would be much 

the same as are currently being used. 
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Box 1. The Philippines and Indonesia: a tale of two geothermal hotspots 

The Philippines and Indonesia are particularly rich in geothermal resources. The history and status of their 
geothermal power development differ greatly, however, and serve to highlight the importance of facilitating policies. 

The Philippines has been the more successful country in developing its geothermal resources. It had a great 
incentive to do so because it possessed little oil or natural gas. The main areas of development have been on the 
island of Luzon, north of Manila, and on the south-east island of Leyte. The Philippinesô first geothermal-electric plant 
was built in 1979; as of end-2004 the countryôs geothermal-electric generating capacity stood at just under 2000 MWe. 
Among the incentives provided to developers of geothermal sites is an exemption on duties and ñcompensating taxò on 
imported machinery, equipment, spare parts and materials used in geothermal operations.

15
 

With assistance from the governments of New Zealand and Japan, the Philippine national Energy Development 
Corporation has been the leading force in developing geothermal power to its current level of more than 1 900 MW of 
capacity. According to the Philippines Department of Energy, geothermal power plants produced more than 10 000 
GWh of electricity in 2007, approximately 17% of national electricity demand. According to companies familiar with the 
Philippines, such development corporation has been successful in large part because the government has taken 
responsibility for the exploration and drilling, the most risk-intensive part of geothermal power development. It then 
sells steam to power plants operated by the National Power Company as well as plants built and operated by private 
companies under 10-year build-operate-transfer contracts. In December 2006, the corporation was privatized. 

By contrast, geothermal energy has been developed more slowly in Indonesia. With its abundant fossil-fuel 
resources, it did not feel the need geothermal energy as much and its government had less political will to facilitate 
geothermal development. In 2005 it generated approximately 6.6 GWh of electricity from geothermal energy ð 
equivalent to 5% of national electricity demand, according to the International Energy Agency. In addition to a lack of 
urgency due to the abundance of conventional resources, industry sources attribute Indonesiaôs slower pace of 
geothermal development to several factors: the government does not absorb the risks of exploration as the Philippines 
does; electricity pricing in Indonesia has been pegged to the price of coal-powered generation, and therefore is too 
inexpensive to make geothermal power economic; perceptions of corruption make the country unattractive to many 
foreign geothermal power contractors and developers; and banking regulations require project finance to be handled 
through local banks which delay processing and add several percentage points to the cost of finance. 

 

161. Among the two primary market drivers behind geothermal electricity are, as with other 

technologies for generating electricity, the growing demand for electricity, and pressures to reduce both air 

pollutants and greenhouse-gas emissions. The production of geothermal energy usually results in 

reductions in CO2 emissions and of NOX and particulate matter, but it can lead to increased emissions of 

other gases, such as hydrogen sulphide. A major advantage of geothermal power, compared with electricity 

from other renewable energy sources is that it has a high capacity factor and reliability of service. 

Moreover, its land footprint is relatively small. 

162. Geothermal energy also benefits from various general policies that promote renewable energy, as 

well as a few specific ones. 

163. Internal market conditions such as the ownership structure of power utilities, electricity rates and 

the availability of government subsidies are major factors in determining the extent to which geothermal 

power can be developed within nations. According to one consulting engineering firm, test wells cost 

USD 6 million or more each to drill. Because of the costs of exploring and developing geothermal 

resources, geothermal power development is often too risky for the private sector to develop on its own. 

164. According to one industry source that operates in the region, major barriers in Central America 

include the fact that after a wave of privatization of power utilities in the 1990s, investment by utilities 
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 46 

focused on natural gas and oil generation. Now that fuel costs have raised the urgency to develop more 

renewable power resources, governments often lack the regulatory power to require utilities to invest in 

renewable resources. Mexico and Costa Rica, where utilities are still in public hands, and El Salvador have 

the most favorable policies for geothermal power development, according to this industry source. 

165. One consulting engineering firm contacted for this study complained that Peru subsidizes the 

price of its domestic natural gas, thereby putting potential geothermal power projects at an economic 

disadvantage. An international consulting engineering firm based in the United States and the United 

Kingdom stated that requests for informal payments are common in Colombia and Peru. 

166. A New Zealand geothermal power developer reported that it invested in a geothermal project in 

Indonesia that failed because promised transmission lines were not constructed. The company said that the 

government power company was delaying the transmission extension to gain leverage to renegotiate its 

power purchase agreement. 

Trade-related barriers 

Tariffs 

167. Turbines for geothermal electric power often are designed to operate at lower pressures than 

conventional steam turbines, but they are not separately identified in the HS, and therefore fall, along with 

other turbines not used for marine propulsion, under either HS 8406.81 or HS 8406.82, depending on 

whether their rated output, respectively, exceeds, or is equal to or less than, 40 MW (Table 11). Most 

countries apply the same tariffs on steam turbines whether they are rated at 40 MW or less or greater than 

40 MW. Eleven countries apply tariffs of 15% or greater; many more have bound their tariffs at much 

higher rates (Steenblik, 2006). 
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Table 11. Applied MFN tariffs levied by selected OECD and non-OECD economies on selected goods relevant 
to geothermal electricity production 

(percentage ad valorem) 

Economy Low-pressure 
turbines with rated 
output > 40 MWe

1
 

(HS 8506.81) 

Low-pressure 
turbines with rated 
output < 40 MWe

1
 

(HS 8506.82) 

Heat-exchange 
units 

(HS 8419.50) 

Canada 6ï9.5%
2
 0ï9.5%

3
 0% 

EU 0% 0% 1.7% 
Japan 0% 0% 0% 
Korea 5% 5% 8% 

Mexico
4
 7% 10ï20%

5
 7ï10% 

United States
4
 6.7% 6.7% 0ï4.2% 

    
Brazil 14% 14% 14% 

China 5ï6%
6
 5% 10% 

India 7.5% 7.5% 7.5% 
Indonesia 0% 0% 5% 
Philippines 1% 1% 1% 
Russia 15% 15% 0% 
South Africa 0% 0% 0% 
Thailand 1% 1% 0% 

1. Ex out ð i.e., at the 6-digit level, the tariff line covers more than just the commodity shown. In most countriesô tariff schedules, no 
separate tariff is given for low-pressure turbines. 

2. The lower tariff is for turbines for used in manufacturing generator sets; a tariff of 9.5%% is applied to turbines for ñother usesò. 

3. The lower tariff is for turbines for used in manufacturing generator sets in the range of 10-40 MW; a tariff of 6% is applied to 
turbines for used in manufacturing generator sets smaller than 10 MW; the highest tariff is for ñother usesò. 

4. The tariffs for Mexico and for the United States are expressed as a percentage of f.o.b. value. 

5. The lower tariff is for turbines smaller than 2.95 MW. 

6. The lower tariff is for turbines smaller than  350 MW. 

Sources: ǒ EU: TARIC database; ǒ all other countries: European Commission, ñApplied Tariffs Databaseò, 
http://mkaccdb.eu.int/mkaccdb2/indexPubli.htm (data are for mid- 2008). 

Non-tariff measures (NTMs) 

168. This section summarizes the responses of 14 companies in the geothermal power industry who 

participated in confidential interviews to discuss trade-related measures that may be impeding trade in 

geothermal power equipment and related services. The informants included two manufacturers of 

geothermal turbine generator sets and related equipment, six consulting engineering firms specializing in 

geothermal resources and power plant development, three project developers, two drilling companies and 

one trade association. 

169. While sources from the geothermal power industry reported a number of barriers to trade in 

equipment and goods, some of the most significant NTMs reported are those impacting trade in services. 

Exploring for and developing geothermal power resources requires specialized expertise that is 

concentrated in a few countries, namely Australia, Canada, Iceland, Japan, New Zealand and the United 

States. Most countries with high potential for geothermal power lack the needed expertise to develop 

geothermal resources and construct and operate geothermal power plants. Therefore, firms and 

governments in these countries must import services from firms in countries with such expertise. 
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170. Other interviewed sources reported multiple NTMs as well as market disincentives to develop 

geothermal power in Central America. The Icelandic geothermal project developer experienced extreme 

difficulties and extra costs of 10% to 20% in the process of developing its first geothermal project in El 

Salvador for a geothermal power company that is 70% owned by the government. Among its complaints: 

¶ A government anti-corruption law has imposed heavy documentation burdens that make customs 

clearance more cumbersome and expensive. Mistakes such as classifying a pipe fitting as a pipe 

can result in fines and special treatment of all the companyôs imports for the following year.  

¶ Conflicts between labor unions in Mexico and Central America have resulted in a de facto ban on 

Mexican trucks crossing the border, in spite of a regional free trade agreement. Shipments must 

be off-loaded and re-loaded at the borderða requirement that could not be safely met for a 50-

ton heat exchanger the company was shipping from Mexico to El Salvador via Guatemala. The 

companyôs logistics contractor had to negotiate a special arrangement with the union, which the 

company acknowledges may have included informal payments. 

¶ The company had difficulty importing the isopentane needed for the binary steam cycle because 

customs officials did not know how to classify it.  

¶ Banking regulations prevented the company from opening an account unless it established a 

Salvadoran company. This meant that the company could not establish credit with local vendors 

and had to make approximately 100 local purchases through a cumbersome process of obtaining 

quotations, and processing purchase orders and invoices through its customerôs and its 

headquartersô accounting departments. 

¶ The tender document stipulated that the client had the right to travel at the Icelandic companyôs 

expense to inspect the production of major plant components. The company spokesperson alleged 

judged that client staff used this clause to justify unnecessary trips. While inspection of large 

components like a heat exchanger and turbine was justified, client staff insisted on traveling to 

visit the makers of commodity items like transformers and pumps. 

¶ For a significant amount of site preparation work, the company was forced to employ laborers 

instead of heavy equipment by the threat of demonstrations from local communities that expected 

employment from the project. 

¶ After a site engineer was murdered, the company had to hire an armed security service to 

accompany all Icelandic staff 24 hours a day. The security concerns have made working in 

Central America more expensive for Icelandic staff, and made the company more wary of 

undertaking future projects in the region.  

171. Because of these and related problems, the Icelandic firm intends to mark up its bids for future 

projects in Central America by as much as 20%. 

172. A U.S. drilling company that specializes in the ñmud loggingò analysis of potential geothermal 

resources reported that a mobile laboratory the size of a shipping container was stuck in Guatemalan 

customs for around seven weeks in 2006. The company incurred a loss of approximately USD 20 000 and 

will increase its fees for any future Guatemalan projects by 5%. The company was unable to determine the 

source of the customs problem, but did observe that the customs service had very short operating hours. 

The company has also worked in Nicaragua and Belize, where it experienced no such problems getting its 

laboratories through customs. 
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173. An international consulting engineering firm related that major equipment purchases for a 

Nicaraguan project were made from Brazilian manufacturers instead of U.S. manufacturers based in part 

on the availability of favourable export credits supplied by Brazil on behalf of its manufacturers. A 

Japanese manufacturer reported that Mexicoôs Federal Electricity Commission has a local content 

requirement which constitutes, in the companyôs view, a minor obstacle to trade. 

174. A European equipment manufacturer reported that while customs in Mexico and Nicaragua are 

cumbersome, its export business providing parts and services for geothermal power projects in those 

countries, as well as in Costa Rica, have not been significantly harmed. The manufacturer noted, however, 

that low electricity tariffs in Mexico create a disincentive for power plant owners to invest in repairs that 

would increase power plant efficiency by 10% to 20%. 

175. An international consulting engineering firm has experienced challenges with regulations on 

payment in Costa Rica, where tender documents often specify that vendors will be paid in U.S. dollars or 

Costa Rica Colones, a condition that puts vendors at a disadvantage for currency rate risks. 

176. Two consulting engineering firms mentioned that informal additional payments are often 

required when dealing with government employees in Mexico. 

Asia 

177. A U.S. drilling company described difficulties clearing drilling rigs through Japanese customs 

where officials sought to classify the rigôs components and tools as multiple goods rather than one piece of 

equipment. The company had to fly staff members to Japan to educate customs officials and facilitate 

clearance. While Japan has a mature geothermal industry, the U.S. company representative stated that 

drilling had traditionally been done by domestic firms, and therefore customs officials were unfamiliar 

with the equipment. 

178. An Icelandic consulting engineering firm reported that it considers its intellectual property, such 

as designs and drawings for clients, to be at risk in China. The company participates in a minor way in 

some projects but is reluctant to develop business there given the risk of IP theft. An international 

consulting engineering firm headquartered in the United States and the United Kingdom expressed a 

similar concern.  

Europe 

179. An Australian geothermal project developer expressed the view that Spainôs feed-in tariff for 

geothermal power makes the country very attractive for investment. It has encountered significant delays in 

receiving exploration licenses in Catalonia, however, attributing the delays to the fact that its Spanish 

subsidiary is not Catalonian. 

180. An Icelandic consulting engineering firm alleged that government-procurement procedures in 

some parts of eastern Europe, and are not transparent and subject to political bias in favour of firms with 

government connections. It does not respond to government tenders in this region but will work with 

private clients. 

North America 

181. A Canadian trade association and a Canadian consulting engineering firm alleged that the skilled 

labourers needed to operate advanced geothermal drilling rigs are sometimes barred from entering the 

United States with the justification that local labourers can do the work. While this may be true for some 

drilling rig jobs, coiled-tube technology being used in western Canada requires trained personnel. The 
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difficulties of obtaining permission for entry for staff that are not geologists or engineers has caused some 

companies using this technology to forego bidding on U.S. geothermal development jobs. 

182. An international consulting firm based in Australia alleged that U.S. requirements force the 

company to partner with domestic engineering forms to certify engineering designs. This requirement adds 

costs to projects and constitutes a disincentive for the firm to work in the United States. However, an 

Icelandic consulting engineering firm expressed the view that it was standard practice to hire a domestic 

company to sign engineering drawings. 
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SUPERCRITICAL AND UL TRA-SUPERCRITICAL STEAM GENERATORS 

Overview 

183. Total world electricity output was approximately 18.5 trillion kilowatt-hours in 2005.
16

 Fossil 

fuels accounted for 66% of the fuel used to produce this electricity. Coal is the leading energy source for 

power generation in the world, with a share of about 40% in 2005 ð a share which the IEAôs (2008a) 

baseline scenario predicts could grow to about 50% globally by 2050, despite coal being one of the most 

polluting sources of energy. The United States and China are by far the leading consumers of coal for pow-

er generation, but India, Japan, Germany, Australia and Russia are also major coal consumers (Figure 5). 

Figure 5. Fuel mix for power generation in selected countries, 2005 

 

Source: IEA (2008b), ñWorldwide Trends in Energy Use and Efficiencyò. 

184. Not only does the fuel mix for electricity generation vary considerably across countries, but so 

does the thermal efficiency achieved by individual countriesô coal-fired power plants. This heterogeneity is 

chiefly due to differences in the technologies that have been adopted, and in the age profile of existing 

power plants. The world average thermal efficiency for all power-plant steam generators is only around 

35%. Yet, with a kind of technology called an ñultra-supercritical steam generatorò, thermal efficiency can 

be as high as 47%. Replacing or retrofitting existing coal-fired steam generators with more efficient 

supercritical or ultra-supercritical technologies would therefore significantly reduce CO2 emissions from 

coal-fired plants.
17

 The IEA (2008b) estimates, for example, that Chinaôs domestic coal consumption 

                                                      
16

  CIA, ñThe World Factbookò (www.cia.gov/library/publications/the-world-

factbook/rankorder/2038rank.html) 

17
  For example, a 495 MW-capacity supercritical unit built in Alberta, Canada in 2005 consumes 18% less 

coal and generates 18% less CO2 emissions to produce the same amount of electricity than the existing 

units in the same power station. 

http://www.cia.gov/library/publications/the-world-factbook/rankorder/2038rank.html
http://www.cia.gov/library/publications/the-world-factbook/rankorder/2038rank.html
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would be reduced by 21% if its coal-fired power plants were as efficient as the average plant in Japan ð a 

country that already uses supercritical or ultra-supercritical steam generators at 80% of its coal-fired power 

plants. 

Description of the technologies 

185. The basic mechanics of a fossil fuel-run power plant are founded upon a boiler, a turbine and a 

generator. The boiler combusts fossil fuels, such as coal or natural gas, to generate steam, which in turn 

drives the turbine and the electricity generator. Water boils and turns to vapour at 100°C under the standard 

atmospheric pressure of 101.325 kPa. At a temperature of 374°C and a tube pressure of 220 times 

atmospheric pressure (specifically, 22.12 mega-pascals, or MPa), however, water turns into steam without 

going through the boiling stage, which generates bubbles. This point, at which water vapour and liquid 

water are indistinguishable, is called the critical point. Supercritical steam generators create such 

conditions by raising the main steam pressure to about 23-25 MPa, and the main steam and reheat 

temperatures to 540-580°C. 

186. The dominant method of fuel combustion employed in coal-fired power plants is pulverized coal 

combustion in which coal is put through a grinding process and pulverized into fine particles before being 

bed into the furnace. Most large-scale units with electricity generating capacity of 350 MWe or more 

typically employ pulverised coal combustion, while another combustion technology, known as fluidised 

bed combustion, has been developed and adopted in many smaller plants.
18

 The latter enjoys greater fuel 

flexibility, and can be designed to burn almost any combustibles including coal, biomass or municipal 

wastes, but there are to date few supercritical units that use fluidized-bed combustion technology. 

187. Supercritical steam generation is a proven and mature technology, having been in commercial use 

since the late 1950s and is now the technology of choice for new coal-fired power plants in many countries. 

Superior environmental performance of the technology over typical subcritical power plants has been well 

documented.
19

 Most notably, supercritical technology delivers substantially higher cycle efficiencies 

leading to reductions in fuel consumption and CO2 emissions per MWh generated. A typical 600 MWe 

coal-fired supercritical power plant, for instance, consumes 1.4 million metric tonnes of coal per annum, 

compared with 1.7 million tonnes required for a standard subcritical power station with the same 

generating capacity. This not only reduces coal consumption and related costs, but also results in CO2 

emissions savings of 680 000 tonnes, or 17% per year. Furthermore, other environmentally harmful gas 

emissions, such as NOX and SOX, are also considerably lower per kWh from a supercritical plant, as are 

solid residues like fly ash and bottom ash.
20

 

188. Because improvement in power-plant efficiency is obtainable by raising temperature or steam 

pressure or both, ñultra-supercriticalò boilers (which generate a temperature exceeding 580°C and a 

pressure above 25 MPa) have been under development since the early 1980s (Figure 6). A 600 MWe ultra-

supercritical plant would burn 2 million fewer tonnes of coal and generate about 4 million fewer tonnes of 

CO2 emissions over its 30-year lifetime than a comparable supercritical unit.
21

 To date, quite a number of 

                                                      
18

   www.fwc.com/publications/tech_papers/files/TP_CFB_08_06.pdf 

19
   See, for example, ñClean coal technologies for a carbon-constrained worldò (IEA, 2007). 

20
  ñBest Practice Brochure ï Supercritical Boiler Technology at Hemweg Power Stationò, UK Department of 

Trade and Industry, 2001. (www.berr.gov.uk/files/file17969.pdf) 

21
  See www.swepco.com/news/hempstead/ultrasuper.asp. A study by the Electric Power Research Institute 

(EPRI) has also demonstrated that a mere 1% improvement in the efficiency of an 800-MW power unit 

reduces the CO2 emissions into the atmosphere by 1 million tons for the entire life of the unit. 

(www.springerlink.com/content/l30232555jrt1227/fulltext.pdf) 

http://www.fwc.com/publications/tech_papers/files/TP_CFB_08_06.pdf
http://www.berr.gov.uk/files/file17969.pdf
http://www.swepco.com/news/hempstead/ultrasuper.asp
http://www.springerlink.com/content/l30232555jrt1227/fulltext.pdf
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boilers with an operating temperature of 600 to 630°C have already been commissioned, and in Europe 

there are plans to build a power station within the next decade with ultra-supercritical boilers generating a 

steam temperature of 700°C. Further development of new materials for boilers and turbines to withstand 

the high temperature and steam pressure is still necessary, however.
22

 

 
Figure 6. Heat-rate improvement for given steam temperatures and pressures

1
 

 

1. Compared with operation at 538°C and 165 bar. 

Source: Foster Wheeler, ñHeat Rate Improvement by Steam Temperature and Pressureò, 
(www.fwc.com/publications/tech_papers/files/TP_PC_01_01.pdf.) 

Industry supply-chain structure 

189. The world market for supercritical and ultra-supercritical technologies with sizable output 

capacities (over 600 MW) is dominated by a handful of giant heavy industry machineries and equipment 

manufacturers based in Europe (Alstom), Japan (Mitsubishi Heavy Industries, Hitachi and IHI 

Corporation), Korea (Doosan Heavy Industries) and the United States (Foster Wheeler, Babcock and 

Wilcox). The predominant strategy followed by the worldôs leading boiler manufacturers when dealing 

with China is to partner with local Chinese boiler fabricators. For instance, the 1000 MW ultra-

supercritical boilers being installed at a power plant in Yuhuan were manufactured under a collaboration 

agreement between Mitsubishi Heavy Industries and Harbin Boiler Co. of China, with the former 

providing the designs and key components. Alstom, a French heavy industrial machineries and equipment 

manufacturer also established a joint venture with Beijing Heavy Electric Machinery Works in 2006 to 

locally manufacture supercritical and ultra-supercritical units. 

                                                      
22

  See www.ms.ornl.gov/researchgroups/corrosion/staff/pdf/IGW-0417.pdf and also 

www.netl.doe.gov/publications/factsheets/project/Proj463.pdf, as well as ñClean coal technologies for a 

carbon-constrained worldò (IEA, 2007). 

http://www.ms.ornl.gov/researchgroups/corrosion/staff/pdf/IGW-0417.pdf
http://www.netl.doe.gov/publications/factsheets/project/Proj463.pdf
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Market potential and main policy driver s 

190. Supercritical boiler technology was first developed in the United States in the 1950s and almost 

half of the capacity ordered in the following decade in that country was supercritical units of 500 MW or 

greater. However, due to various factors, including some real and perceived technical problems with the 

first generation of supercritical cycle and the high cost of borrowing, the US power industry subsequently 

opted to purchase boilers using a subcritical cycle.
23

 Further developments therefore depended on work in 

other countries, most notably Germany and Japan.  

191. Despite substantial fuel savings and reductions in CO2 emissions made possible by the 

supercritical technology, higher installed costs have led countries with rich indigenous supplies of coal to 

opt for the sub-critical technology. As coal prices have risen, along with interest in reducing CO2 emissions, 

however, the economics of super-critical and ultra-super-critical steam generators has changed. 

192. The greatest potential for replacing subcritical with supercritical or ultra-supercritical steam 

generators is in countries that still operate a number of power plants based on the former technology, and 

are likely to continue to use coal for power generation in the future. This category would include several 

OECD countries (Australia, Canada, the United States) as well as China and India (Figure 7). Japanôs 

Ministry of Economy, Trade and Industry estimates that, if the best practice at Japanôs most efficient coal-

fired power plants were adopted, CO2 emissions from coal-fired power plants in these countries would 

decrease by almost 20% in the United States, 27% in China and 33% in India, or by approximately 1 

billion tonnes a year in those countries alone (Figure 8). 

Figure 7. Average thermal efficiencies of coal-fired power plants in selected countries 
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  Foster Wheeler Development Corporation 

(www.fwc.com/publications/tech_papers/files/TP_PC_01_01.pdf). Also see ñThe Economic Aspect of 

Transition to Power Units with Supercritical Steam Parametersò (V.R. Kotler, 2007), available at 

www.springerlink.com/content/l30232555jrt1227/fulltext.pdf 


