Background Paper

Feed-in Tariffs:

International experiences
and recommendations for implementation in Thailand
Prepared by:

Chris Greacen, Ph.D. 
(Palang Thai)

Detlef Loy, Dipl.-Ing.

(Loy Energy Consulting)

Prepared for:

Joint Graduate School for Energy & Environment

March 2006
Tabular executive summary of recommended actions & policy measures to implement feed-in tariffs in Thailand
	Item
	Comment
	Action

	Agree on principles for feed-in tariff levels
	We suggest a two-fold principle: “sufficiently high feed-in tariff such that a well-run renewable energy installation can earn a reasonable return on investment; subject to the constraint that total costs (economic, social, environmental) for each technology do not exceed total benefits”

	( HIGH PRIORITY: agree on guiding principles

	Establish appropriate feed-in tariff levels
	Tariff setting decisions should be made with stakeholder participation in streamlined process. It is impossible to perfectly know the “right” number through extensive studies. Instead, pick reasonable/acceptable levels and adjust as necessary every two years. 
Levels proposed by a variety of Thai actors are discussed in Section 4 and compared with international levels in Section 5 of this study. Commentary on technology-specific issues in Section 6. Levels proposed by Thai actors for biomass, biogas, wind power, and micro-hydropower seem broadly reasonable. We think MSW and solar need to be revised downwards.
	( HIGH PRIORITY: Stakeholders need to agree on initial levels for feed-in tariffs. Agree to adjust/review every two years for new projects (Tariffs will not be changed retro-actively. That is, changes in rates will only affect plants that have not been commissioned yet.)



	Funding mechanism & legal basis for feed-in tariffs
	Agree on a funding mechanism and legal basis that will provide assurance to investors that feed-in tariff program will be in existence long enough to justify investment
	( HIGH PRIORITY: Initiate feed-in tariff cabinet resolution as soon as possible. In this case, a likely funding mechanism might be through the existing “Ft” charge mechanism. Follow up with renewable energy law passed by parliament, ideally with separate specific funding mechanism. Review international feed-in laws to use as templates, modified for Thai context (see Section 3 for web access to examples).

	Consider time-of-day component to tariffs
	Provide higher tariffs for on-peak generation, and lower tariffs for off-peak. See Section 6 for commentary
	( MEDIUM/HIGH PRIOIRTY: Establish agreeable formula reflecting on-peak/off-peak rates. (Existing values for bulk supply tariff provide basis)

	Consider differentiated tariffs
	Provide differentiated tariffs based on project size to encourage small projects without over-compensating large projects. See Section 6 for commentary.
	( MEDIUM PRIOIRTY: Develop differentiated tariff system (see Table 1 for Germany case study example). This will require additional studies, and to avoid slowing down feed-in tariff program it may be best to wait to introduce these as revised tariffs during two years adjustment / review. 

	Externality study
	To inform feed-in levels (and other policy-making) it would be useful to develop power sector externality cost estimates (see Sections 9, 10 and 11). Extern-E in Europe is most developed methodology. We have initiated discussion to define priorities for Thai externalities study.
	( MEDIUM/LOW PRIOIRTY Conduct study to develop power sector externality cost estimates. Since this is a multi-year project, setting up feed-in tariffs should not wait until these studies are completed.


1. Introduction 

In 32 countries, feed-in tariffs (a guaranteed price paid to renewable energy generators per kWh generated) have proven to be a successful mechanism for deploying substantial quantities of grid-connected renewable energy. The Thai Ministry of Energy has wisely proposed that feed-in tariffs shall play the key role in Thailand’s future renewable energy electricity policies. Yet for feed-in tariffs considerable questions remain: how to set the tariff level for different energy sources, and what steps are necessary to integrate feed-in tariffs into Thailand’s existing set of renewable energy policies and power sector practices. This paper is an effort to address these questions and suggest directions to expeditiously implement a feed-in tariff policy optimized for the Thailand context. We also discuss power sector externality costs (which can be considered as one factor or perspective in assigning appropriate feed-in tariff levels). Finally, the paper contains an extensive appendix on the quota-based incentive (in some countries referred to as Renewable Portfolio Standard - RPS), which is another policy mechanism which the Thai government has proposed. While obligatory quotas have helped increase renewables deployment in some countries, the details of the proposed Thai RPS raise a number of concerns about the effectiveness of this policy in delivering renewable energy at competitive costs.
Background

The Thai Research Fund (TRF) has assigned the Joint Graduate School for Energy & Environment (JGSEE) to implement the Energy Policy Research Project.  The project is designed to provide information, analysis and policy recommendations to support decision-making on policies and programs that support and promote increased implementation of RE and EE technologies and options.

JGSEE has assigned the Palang Thai and Loy Energy Consulting to prepare a background paper on addressing the design of feed-in-tariffs for the promotion of RE in Thailand that could be used as a reference by the Energy Policy Research Project.

  The paper includes:

· a review of Thailand’s renewable energy targets and progress towards these targets.
· a review of feed-in tariffs policies and outcomes in Germany, China, Brazil and Sri Lanka. 

· a technology-by-technology comparison of proposed feed-in tariff levels in Thailand vs. international levels
· a survey of efforts in Thailand in determining feed-in-tariffs

· a discussion of technology-specific factors and suggestions for consideration in determining appropriate feed-in tariff values for the Thai context. 
· a discussion of what is required to implement feed-in tariffs in Thailand,

· discussion of approaches to determining power sector externality costs (and therefore relative externality benefits of renewable energy)

· a review of studies in Thailand that have addressed issues of power sector externalities

· a discussion of requirements to conduct a comprehensive power sector externality cost study in Thailand

· recommendations for immediate policy measures and suggestions for an approach to implementing feed-in tariffs in Thailand.

· RPS discussion: how RPS works, what is required for a successful RPS, what is particular about the Thai situation?
Thailand’s renewable energy targets

The Thai government has set a target that 8% of all commercial energy in Thailand will come from renewable energy sources by the year 2011. In a 2 November 2005 presentation by the Ministry of Energy, this target has been further broken down to the following: 1000 kTOE  (11,600 GWh) per year to come from renewable electricity (solar, wind, biomass, municipal solid waste, etc.); 2,500 kTOE per year to come from renewable transport fuels (ethanol and biodiesel), and 4,200 kTOE per year to come from renewable energy use for heat (Thai Ministry of Energy 2005c). Currently, Thailand is far from this target. New and renewable energy accounts for less than 0.5% of total commercial energy 

The same Thai Ministry of Energy presentation expresses the renewable electricity target as an installed generating capacity of 2,200 MW
, of which the Ministry estimates that 860 MW are already installed leaving an additional 1340 MW remaining to be installed by 2011. 

It is noteworthy that these target amounts have fluctuated somewhat in the past few months, and therefore may be expected to continue to fluctuate as the policy is finalized. An October 2005 Thai Ministry of Energy document expresses the 8% renewable electricity target as 2,400 MW of which 883 MW are already installed (Thai Ministry of Energy 2005a). 

Feed-in tariff is key mechanism to meet Thai target

To meet the year 2011 installed capacity target of 1,340 MW the Thai Ministry of Energy has proposed several different mechanisms. An obligatory quota system (often referred to as the Renewable Portfolio Standard, or RPS) is expected to procure 140 MW. The remaining 1200 MW (90% of the total renewable electricity target) is left to a feed-in tariff. Additional complementary policies under consideration include: income tax privileges, low interest loans, and a carbon credit (Thai Ministry of Energy 2005b).  Renewable energy projects currently enjoy the following Thai Board of Investment (BOI) privileges: corporate income tax exemption from 3-5 years; accelerated depreciation of the cost of installing or constructing facilities; double treatment of costs for the purpose of calculating income; approval for remittance of money in foreign currency; authority to lease or exclusively occupy and use land; authority to bring foreign experts, technicians and staff; exemption from or reduction of import duties on equipment and machinery used in the construction and operation of the project (Pacudan 2003).

Because of the importance assigned to the feed-in tariff in meeting the target, because of the substantial amounts of (rate-payer or taxpayer) money involved, and because of the rapidly approaching target date (2011 is only 5 years away) it is essential to implement a feed-in policy that works and delivers substantial quantities of renewable electricity at reasonable cost in Thailand, and to do so quickly so that the results will accumulate with minimum delay.

2. feed-in tariffs

A feed-in tariff is a favorable per-kWh price paid for electricity from renewable energy resources over a determined period of time (typically 15 to 20 years). Electricity generation projects – in particular with high up-front investment costs as for renewable energy installations - require a reliable, stable long-term revenue stream in order to obtain finance at a reasonable cost. Well-designed feed-in tariffs have proven to be one the most effective policy instruments for providing this necessary stability for grid-connected renewable electricity projects at least in their initial phase of market introduction. 

Feed-in tariff: (n) a favorable per-kWh price paid for electricity from renewable energy resources over a determined period of time.
A recent report by the Worldwatch Institute notes that feed-in tariffs are the most common renewable energy policy. By 2005, at least 32 countries have adopted feed-in tariffs, more than half of which have been enacted since 2002. Developing countries that have reportedly implemented some form of feed-in tariffs include India, Brazil, Sri Lanka,  Indonesia, Costa Rica, and Nicaragua  (Martinot 2005).
Feed in tariffs have been very successful at fostering renewable energy deployment and the development of renewable energy industries. A study of wind turbine manufacturing in 12 countries found that long-term, stable feed-in tariffs have proven to be the most successful mechanism for promoting wind energy utilization and wind manufacturing to date.

Countries that use feed-in tariffs tend to have more success in attracting investors for renewable energy than countries that use quota systems (RPS). Several studies of renewable energy policy in Europe found that prices for renewable energy under feed-in tariff arrangements tend to be cheaper than those in countries that use a combination of mandatory quotas and green certificates (Mitchell, Bauknecht et al. 2003; Fouquet, Grotz et al. 2005). 

It is important to recognize, however, that feed-in tariffs by themselves will not ensure that Thailand’s renewable energy targets are met. Accompanying feed-in tariffs, it is also essential for Thailand to make progress on:
 

· developing a independent, competent, empowered regulator

· barrier-free grid access

· efficient planning and permission procedures

· willingness of financial institutions to loan for renewable energy projects at comfortable interest rates, as well as knowledge to properly evaluate renewable electricity projects.
Finally, it is worth emphasizing that while feed-in tariffs have been an important part of successful renewable energy policy packages in other countries, the success is not guaranteed in Thailand. Care must be taken to establish feed-in tariffs correctly in order to ensure investor confidence on the one hand, while at the same time maximizing benefits from rate-payer or taxpayer funds. Unresolved issues of key importance with respect to feed-in tariffs for Thailand are:


· legal basis / enabling legislation
· where the money will come from (funding mechanism)
· reasonable tariff levels for different technologies
Before addressing these issues in the Thai context, it is useful to consider the experience and design of feed-in tariffs in other countries.

3. international feed-in tariffs: program design and outcomes

Feed-in tariffs vary in design from country to country, but in most countries with feed-in tariffs there are key similarities:  

· Tariffs are typically long term, lasting for 15–20 years. Feed-in tariffs are established by an official law, providing a degree of political security.

· Tariffs are often different for different technologies
· In many countries (e.g. Germany, Spain) renewable energy feed-in tariffs are set according to the principle that payments should be sufficiently high that a well-managed renewable energy project should be able to earn a reasonable return on investment.
· In some countries (e.g. Sri Lanka) tariffs according to a principle that renewable energy generation should be priced according to the environmental and social benefits it provides.
There are also key differences from country to country:

· Some policies provide a fixed tariff while others provide fixed premiums added to market- or cost-related tariffs.

· Some feed-in tariffs are also site-specific, taking into account the availability of renewable energy sources (e.g. average annual wind-speed).

· Some countries use feed-in tariffs to support all renewables including expensive technologies (e.g. solar electricity) while others focus only on more cost-effective renewable energy technologies like wind and biomass.

· The additional funds to pay for feed-in tariffs generally come from an additional per kilowatt-hour (kWh) charge to all consumers according to their level of use (e.g., Spain, Germany), but in some cases is borne by taxpayers (Sri Lanka).
 
These features, and others, are explained in more detail in the country case studies below:
Germany

Despite a wind regime that is not as favourable as in many other countries
, Germany has the most installed wind power world-wide (almost 18,500 MW at the end of 2005).
  Of all wind generating capacity installed globally, about one third is located in Germany.  Wind power accounted for more than 5% (= 26.5 GWh
) of total electricity consumption in 2005.  In certain states and regions, such as Schleswig-Holstein – located between the North and the Baltic Sea, wind turbines generate more than 30% of the total electricity demand.  Due to the fact that the on-land wind potential of about 25 GW is almost completely exploited, further large projects will mainly target off-shore areas within the sea, some 20 or more kilometres away from the coast.

With more than 1,400 MWp of grid-connected solar electricity systems in place by the end of 2005
, Germany is also the leading country in the photovoltaic sector (second is Japan), producing around 1 GWh last year.  There is also considerable renewable electricity generation from biomass resources and biodegradable waste, with most coming from the combustion of solid biomass, in particular waste wood.

In 2005, about 10% of the total electricity consumption came from renewable energy sources, with wind contributing the largest share.  Renewable electricity generation has increased substantially within a few years, having been only 4.7% in 1998.  Germany is therefore close to achieving its target of 12.5% set for 2010.  Official policy is to reach at least 20% by 2020, while at the same time nuclear power – still contributing about 28% to the total electricity generation – will be phased out.

Programs aimed at market diffusion of (new) renewable electricity technologies began in 1989 with a market stimulation program that called for the installation of 250 MW of wind power
.  It guaranteed a fixed payment (bonus) per kWh (in the beginning 0.04 €-ct/kWh), provided as a state subsidy in addition to the regular payment for electricity delivered to the utility.  Individual applicants could either choose this production incentive paid for a period of 10 years, or a one-time capital investment grant of up to 60% of the cost of small-scale turbines.  The program ended in 1995.  It was linked to a 10-year scientific measurement and evaluation program activity that covered some 1,500 turbines.  The program provided statistically validated long-term operation experiences for different wind converter types including information on failures, repair requirements, production of energy and operating costs.

A similar program targeting small-scale building-integrated photovoltaic systems was launched in 1990 under the title “1,000 roofs PV program”.  This program was thought to act more on the demonstration level by providing federal and state grants for the installation of grid-connected PV roof-top systems by private home-owners.  It also obliged operators to provide certain data for a central scientific data bank and included selected systems for a long-term measurement program.  This demonstration program ended in 1994 after it was raised to 2,250 roofs with a total installed capacity of about 5.25 MW.

Perhaps the most important factor in Germany’s successful deployment of renewable energy has been its feed-in laws.  In 1991, the Stromeinspeisegesetz or Electricity Feed-in Law (EFL) was introduced.  This law required that grid operators paid a defined percentage of the (average historical) retail price (90% in the case of wind energy) as feed-in tariffs for electricity from qualifying renewable energy sources over a period of 15 years.

As consequence of this design, the feed-in tariff varied from year to year according to the general electricity tariff, exposing the plant operator to the changes in these prices.  Before 1998, Germany had a regulated and regionally monopolized market, and prices were both high and relatively stable.  In 1998, however, the market was liberalized, and average electricity prices decreased.
  Prices paid to renewable electricity generators fell accordingly and many came under financial pressure.  Largely as a response to this negative development, Germany introduced fixed rates in the Erneuerbare-Energien-Gesetz or EEG (also known as the “Act on Granting Priority to Renewable Energy Sources” or the “Renewable Energy Sources Act”) that came into force in 2000 and was substantially revised in 2004.
  Under the EEG the price paid for renewables was no longer linked to retail prices, but fixed for between 15 and 30 years.

The EEG requires transmission and distribution line operators to:

· allow renewable energy generators to connect to their grid.  The generator pays the cost to connect to the closest acceptable point on the grid, and the grid operator is responsible for any further expenses involving grid reinforcement or interconnection at a more distant location (this arrangement was already in effect under the EFL, and has not changed under the EEG);

· accept the entire electrical output from these plants as priority dispatched power;

· pay the generators at a pre-specified rate (see table ... for rates) for every kWh produced.   The amount for new installations decreases over time, but generators are guaranteed to receive payment for a determined period of time.

As shown in Table 1 the EEG supports a wide range of renewable technologies.  The payment amount depends on the technology, on commissioning date, plant size and on the energy yield at a specific site.

· Technology. The remuneration depends on the technology, with only € 36/MWh being paid for the upper capacity share of larger refurbished hydro power plants and up to € 518/MWh for small solar installations.

· Date of commissioning. For wind plants, for example, the payment decreases by 2% every year for new plants.  This is referred to as “degression” in Table 1 and encourages manufacturers to produce more efficient products every year and system operators to look after least-cost planning and cost-effective operation.  The “degression” rates are based on empirically derived progress ratios for each technology, reflecting the fact that over time renewable energy technologies have historically become less expensive.

· Site specific. All wind plants currently receive € 84/MWh for an initial 5 years after commissioning (plants coming on-line next year will receive 2% less, see above).  After that period, the payment amount depends on the energy output of a plant compared to reference plants.  Plants that have done well due to relatively good wind conditions and have received energy yields that exceed 150% of the reference plant will receive less money after year five.  Lower-quality sites continue to receive full remuneration for longer, depending on the extent to which they are below the 150% threshold.  This feature leads to a lower level of promotion at sites with very good wind conditions, and higher promotion levels at sites with poorer wind, resulting overall in lower costs to society while still supporting a large amount of wind power capacity development and avoiding high concentration of wind turbines on windy sites.

The very dispersed biomass sector has been targeted in a separate ordinance, defining specific rules for the quality and handling of biomass resources.
  Such regulation was considered to be a necessary addendum to the EEG in order to avoid contaminated organic waste entering the energy cycle.  The ordinance also rules that high environmental standards apply for power generation from all types of biomass resources. The ordinance includes biogas as a subcategory of “biomass”.
Furthermore, the government conducts periodically a review of technological and market developments.  The review culminates in a recommendation to the parliament which can then decide to change the tariff arrangements.  The next such report is due to be submitted by the end of 2007 and may lead to revisions in certain renewable energy sectors.  Tariffs will not be changed retro-actively.  That is, changes in rates will only affect plants that have not been commissioned yet.

In 2002 the first review of the EEG was carried out and revisions to the EEG are valid since August 2004.  The revisions also strengthened the right of renewable energy generators to access the grid. One interesting change was that the refurbishment of large hydro power plants above 5 MW and below 150 MW (to increase efficiency or power output) now qualifies as well for feed-in tariffs.  Another major change, in effect already since January 2004, was the improved condition for the remuneration of solar electricity, replacing the financial incentives after the 100,000 roofs program had run out in late 2003.

Distribution utilities must purchase the output from renewables, but have the right to sell it on to  (one of the four) transmission operators to which they are connected.  The transmission companies spread the costs equally among each other, depending on the share of electricity sold in their grid area.  They then pass the incremental costs on to the suppliers in their region.  The costs of the feed-in mechanism are born by the end customers.  While under the old “Stromeinspeisegesetz”, each distribution utility had to bear the total costs of renewables in their area individually, the EEG has established a mechanism whereby the costs are spread country-wide.  The costs of developing renewable energy in Germany is now shared equally across the majority of electricity customers  rather than impacting more heavily on customers in areas with a larger contribution from renewable energy.

Specific rules apply for energy-intensive industries of the manufacturing sector (with annual consumption of more than 10 GWh at one location or electricity expenses of more than 15% of total costs) as well as public transport companies (railroad, trams, subways).  Such companies are partially exempted from the full cost-sharing and are only burdened with a reduced rate.  For 2006 some 330 energy-intensive companies and 45 rail traffic operators applied for such special treatment, leading to a total cost relief of 240 million €.

For the 38.5 GWh of electricity affected by the EEG in 2005 a total of almost 3,600 million € had to be paid, equal to an average remuneration of 9.29 €-cent/kWh.  Depending on how the renewable electricity is valued (spot market price or actual generation costs for conventional electricity) and which external costs are incorporated, the differential (additional) costs for renewable electricity amounted to between 3.3 and 6.4 €-cents/kWh.

Taking the medium spot market price as a reference value (2.85 €-ct/kWh) and excluding avoided external costs, the generation of electricity from renewable energy falling under the scope of the EEG led to an additional burden of  € 1.59 per month for private households with a consumption of 3,500 kWh/a.  This value has to be related to an average monthly fuel bill of € 52.44 (including all taxes).

Growing concerns about rising fuel and electricity prices have also triggered a debate about future burdens resulting from the EEG payment scheme.  Perspective calculations show that despite a growing share of renewable electricity and due to the degression of remuneration rates and the increase of costs for conventional electricity generation, the differential costs will hardly rise within the coming years and the total burden from the EEG will decline fast after 2010.

German feed-in tariffs are supported by a variety of other policies including preferential finance though soft-loans for environmental-friendly technology, and R&D.
 

Very specific for the German renewable electricity market is that almost all such plants are owned and operated by private “non-utility” companies or even individuals.  Most of those companies have been set up as closed funds, raising equity from a number of “share-holders”.
  One major reason for this strong civil society participation is that utilities until the enactment of the EEG could not benefit from the feed-in tariffs.  Only in recent years have major investment companies and some utilities (often locally operating city utilities) started to set up own projects, a tendency that will further evolve with the development of large-scale off-shore wind farms that need huge investment capital.

	Renewable Energy Source
	Range of Performance

	Feed-in Tariff in €/MWh
	Degression
	Payment Period

	Solar
	
	Installed on buildings
	Bonus for façade-integrated systems
	All other systems
	5% (6.5% for all other systems)
	20

	
	< 30 kW

30 kW – 100 kW

> 100 kW
	518

493

487
	50
	406
	
	

	Biomass
	
	general
	Bonus for renewable primary products
	CHP-Bonus
	Used wood, commissioned after 29.6.2006
	1.5%
	20

	
	< 150 kW
150 – 500 kW
500 kW – 5 MW

5 MW – 20 MW
	112
96
86

81
	60
60
40 (25 for wood)
0
	20
	38
	
	

	Hydro
	large
(> 5 MW)
	< 500 kW

500 kW – 10 MW

10 MW – 20 MW

20 MW – 50 MW

50 MW – 150 MW
	75

65

60

45

36
	1%
	15

	
	small
(< 5 MW)
	< 500 kW

500 kW – 5 MW
	97

66
	__
	30

	Geothermal
	< 5 MW

5 MW – 10 MW

10 MW – 20 MW

> 20 MW
	150

140

90

72
	1% starting in 2010
	20

	Wind
	off-shore
	
	for 12 years
	after 12 years
	2% starting in 2008
	20

	
	
	
	91
	62
	
	

	
	on-shore
	
	For at least 5 years after commissioning
	Reduced payment, time depending on yield of system
	2%
	20

	
	
	
	84
	53
	
	

	Landfill gas, sewage gas, mining gas
	
	General
	Bonus for specific innovative technologies
	1.5%
	20

	
	< 500 kW

500 kW – 5 MW
	74
64
	20
	
	

	
	> 5 MW (only mining gas)
	64
	
	
	


Table 1: Feed-in tariffs in Germany for renewable energy systems commissioned in 2006.  Note that “Degression” refers only to the annual reduction of tariffs for newly commissioned systems.
Sri Lanka

Sri Lanka currently has a feed-in tariff that is not very different from Thailand's SPP program. The Ceylon Electricity Board (CEB), Sri Lanka's state-owned electric utility, purchases electricity generated by renewable energy generators under a Standard Small Power Purchase Agreement (SPPA) between the renewable energy generator and CEB.  The SPPA is valid for 15 years. CEB reviews its generation plans, absorptive capacity, the potential of the proposed plant, and other variables, and issues a Letter of Intent to the prospective power producer.  The tariff is governed by a Standard Small Power Purchase Tariff and its computation is based on the avoided cost (as is the case in the Thai SPP program). The avoided cost is calculated every December by the CEB to be used the following year. For 2005 the average avoided cost tariff is 5.49 Sri Lankan Rupees per kWh (2.21 Baht per kWh), comprising a wet season tariff (9 months) of 5.30 Rupees per kWh (2.14 Baht per kWh) and a dry season (3 months) tariff of 6.05 Rupees per kWh (2.44 baht per kWh). This rate is provided regardless of the firmness of the renewable energy generator: there is only an energy component (kWh), no capacity component (kW) to the tariff. The tariff is accompanied by a guarantee that the future tariff paid to each renewable energy generator will not fall below 90% of the tariff paid on the first year. By comparison, the typical average tariff received by CEB is about 8 Rupees per kWh (3.22 Baht per kWh). The tariff levied by CEB varies widely, depending on the type of user (domestic, industrial, commercial etc), quantity consumed (prices follow a progressive block-rate tariff like Thailand) as well as other arrangements such as bulk supply, time of day etc.

Starting in 2006 it is likely that electricity generated from biomass will receive a flat tariff of Rs 8.50 (3.42 baht/kWh), with the difference between the SPPT discussed above and this figure subsidized by a fund to be administered by the state owned Energy Conservation Fund (ECF).  The top-up tariff will likely apply only for the first 50 MW of biomass plants.  The subsidy added reflects the Sri Lankan government's decision that biomass provides important benefits including diversification of electricity supply, firm dispatchability, rural employment benefits (growers of fuel wood), national economic growth in a new industry, relative freedom in locating the power plant in optimal grid locations to minimize transmission and distribution losses and environmental benefits (leaves from fuelwood plantations such as gliricidia sepium provide fodder and organic fertilizer).
	Energy source
	Wet season (baht/kWh)
	Dry season (baht/kWh)
	Average (baht/kWh)

	All renewables
	2.14
	2.44
	2.21

	Biomass (likely starting 2006)
	3.42
	3.42
	3.42


Table 2: Feed-in tariffs in Sri Lanka
Since the biomass feed-in tariff has not yet been implemented, it is premature to discuss the outcome. However, market take-off has been exponential for small hydropower.  Between 1997-2002, 31MW of mini hydro capacity was added through 15 projects.  For 2002-2007 an additional 46MW has already been completed through 18 projects, with another 75MW through 25 projects approved by banks and are at various stages of construction. However, growth is expected to slow down as most of the commercially feasible sites have been picked.  A senior World Bank official working on renewable energy in Sri Lanka estimates that the country has potential for about 300MW of small hydropower in total (Nagendran 2005).
China
China originally considered developing an RPS program, but because of lack of independent regulatory oversight (a condition shared with Thailand) and remaining challenges in developing  competitive electricity markets  (a condition also shared with Thailand), China decided that a feed-in tariff arrangement would be more effective. A Chinese delegation of lawmakers on a study tour to UK, Spain and Germany observed:

“We do not have the perfect electricity market like European countries, and Chinese enterprises do not have strict self-discipline, like Germany enterprise. Therefore, simple, effective, easy for check and supervise measures are the main method in renewable energy legislation. Fixed or incremental renewable power price [feed-in tariff] might be the first choice.” 

On February 28, 2005 the new Renewable Energy Law was adopted by the Standing Committee of the National People's Congress.  This law had been prepared by the Center for Renewable Energy Development within the Energy Research Institute (ERI) which is part of the National Development and Reform Commission (NDRC).  The law provides a new basis for promoting renewable energies.  It stipulates that the power grid companies must buy the electricity from renewable energy generators.  Power prices for grid-connected projects will be determined either by tender or pre-established feed-in tariffs and the incremental costs will be shared by consumers on the entire national grid.  Such a burden sharing is already known from electricity surcharges to fund electricity projects with high initial costs, such as the Three Gorges Dam and nuclear power plants.  The major provisions of the act, which was due to enter force on January 1, 2006, are as follows:

· Renewable energies are defined as non-fossil energies such as wind, solar, hydro power, biomass, geothermal energy, ocean energy, etc. (art. 2).

· Targets and quantitative specifications will be set for RE and (resource) development plans (art. 7).

· Responsibilities for implementing the law comprise all levels (government, province, municipalities) with chief responsibility at central state level (art. 8).

· Permission is required to erect RE power generators; if there is more than one applicant for a project license an invitation to tender is carried out (art. 13).

· Grid-operators are obliged to
- sign a feed-in contract,
- provide a grid connection service
- buy the RE electricity in their grid area (art. 14).

· The feed-in price is determined by the pricing authority (art. 19).

· A financial balancing mechanism is planned amongst all grid operators (art. 20).

· If grid connection incurs costs for the grid operator, these can be passed on in charges for grid use (art. 21).

· A RE development fund will be set up to promote the local production of RE equipment amongst other things (art. 24).

· Other promotion measures include low-interest loans (art. 25) and tax relief (art. 26).


The law codifies basic provisions.  The necessary and decisive details have to be specified in 12 implementation regulations, of which according to latest news three have been put into effect in mid January 2006.
  Those regulations cover in particular the specification of goals for renewable energies, feed-in tariffs, the national balancing mechanism, development of the RE fund and technical standards.  According to the newspaper “China Daily” it has been decided that power companies with an installed capacity of more than 5 GW must ensure that at least 5% of their power generation will be based on renewable sources by 2010, rising to 10% by 2020.  This does not include large hydro power and would affect about 15 utilities.

Initial steps in implementing the law have already been taken in 2005.  A national development plan for wind power up to 2020 was agreed in May 2005.  In November 2005, the government raised its target for renewable energy to supply 10% of the electricity by 2010, equivalent to about 60 GW, and 15% by 2020.  At the same time the target for wind power has been increased from previously 20 GW by 2020 to now 30 GW, with an interim target of 5 GW by 2010.  In comparison:  at the end of 2004 the installed wind capacity was less than 760 MW, spread across 43 wind farms.  For solar electricity the target is set at 1000 MW by 2020, for biomass 20,000 MW and for (small) hydro power 31,000 MW.

As for the feed-in tariffs, the government will keep its policy of tendering wind projects (see below) and sign long-term payment contracts on the basis of lowest bids (so-called “government guided pricing”).  Responsibility for large-scale wind projects of more than 50 MW will remain with the central government (NDRC), while for smaller wind farms the provincial authorities will take the lead.  Generation costs might be further lowered by additional tax incentives.

For biomass projects, prices are set by the Government (so-called “government fixed pricing”), unless those projects have been subject to a public tender.  Price base is a reference value calculated as the medium cost of electricity produced from desulfurized coal at the level of province, autonomous region or directly administered municipality in 2005.  To this base price a bonus of 0.25 Yuan/kWh (3.1 US-cents/kWh) is added for a period of 15 years.  Beginning in 2010 the bonus will be reduced by 2% annually for all new projects.  Biomass projects are eligible for the subsidy as long as conventional fuel in such projects does not provide more than 20% of the power.

The pricing for solar, geothermal and maritime power projects has not been determined yet.  Fixed prices will be based on the principle of reasonable production costs and profit margins and will be determined by the pricing department of the State Council.  Prices are thought to differ according to size and location.

All connection costs for medium and large-scale hydro power, wind and biomass projects have to be born by the transmission grid operators, while distribution companies are made responsible for connecting small solar and biogas generators.  Temporarily excluded from paying the renewable energy surcharge are cities and counties operating their own power grids, the autonomous region of Tibet and customers in the agricultural sector.  After a half-year pilot phase, NDRC may bring the issue on the table again and revise its current decision.

Already in summer 2004, the provincial government of Guangdong had issued a feed-in tariff for wind power set at 0.528 Yuan/kWh (2.554 baht/kWh), slightly more than the tariff that won the concession contract in Huilai (see below).

An important measure for the promotion of wind energy in recent years has been the tendering of large-scale wind farm projects of 100 MW and more overseen by NDRC (Wind Power Concession Program).  The first calls for two wind power concessions were issued by the government in 2003.  The sites had been preselected by NDRC.  Interested developers could purchase the bidding documents and start their own wind resource measurements.  Investors are offered concessions of at least 25 years and long-term power purchase agreements.  The feed-in tariffs are divided into two phases: for the first 30,000 full-load hours (about 10-15 years) the price is determined by the bidding offer, while after this period the payment is aligned with a market price for electricity delivery to the grid. The outcome of the tender process is therefore a long-term security for the investor, while keeping the costs of electricity generation low through competition.  One qualifying criterion is that wind turbines must have a domestic content of at least 50% in the first round and raised to at least 70% in the following tenders.  Such requirement was the cause for several foreign manufacturers to sign joint ventures with local manufacturers for complete turbines or components.

Further major components of the wind power concessions are:

· Turbine size cannot be smaller than 600 kW

· The local governments are responsible for the access road to the wind farm

· The power grid operator is responsible for the transmission line to the substation of the wind farm

· All electricity generated must be purchased by the provincial power grid operator according to the terms of the power purchase agreement

· Incremental costs will be shared with the provincial power grid.

In addition, financial support has been offered for grid extension and road access, as well as preferential tax and loan conditions.  Meanwhile three tender rounds have been concluded with the wind parks of the first round due to be operational by the end of 2006.  Bidding prices have been below average retail  tariffs, and are generally thought to be too low and not economically viable for most projects, with values of between 53 and 65 US$/MWh.
  Especially for the Rudong I project with a very low capacity factor of only 20% it is anticipated that the bid price will not be profitable.  Although tenders were published as international invitations, the selected investors are only Chinese companies with some being subsidiaries of large energy and state-dependent enterprises that may only seek advantage in gaining additional prestige and improved status for future projects by offering low-priced bids.
  It has also been reported that the tenders have led to high transaction costs and long project lead-times.

	Tender round
	Project Name
	Province
	Capacity
	Bid price

	
	
	
	MW
	Yuan/kWh
	US-cents/kWh

	1st (2003)
	Huilai
	Guangdong
	100
	0.501
	6.3

	
	Rudong I
	Jiangsu
	100
	0.436
	5.5

	2nd (2004)
	Huitengxile
	Inner-Mongolia
	100
	0.426
	5.3

	
	Rudong II
	Jiangsu
	150
	0.519
	6.5

	
	Tongyu A+B
	Jilin
	400
	0.509
	6.4

	3rd (2005)
	Dongtai
	Jiangsu
	200
	0.487
	6.0

	
	Anxi
	Gansu
	100
	0.462
	5.7

	
	Jimo
	Shandong
	150
	0.726 (not chosen, because of just one bid with high price)
	8.9

	
	Dafeng
	Jiangsu
	200
	0.462
	5.7


Table 3: Results of wind farm concession tenders in China 
Several other smaller projects realized in recent years had to negotiate for their power purchase agreements and tariffs on a case-by-case basis, often not providing long-term security for sufficient repayment.

Wind and other RE technologies are being promoted by a number of other incentives on the national and provincial or regional level that have been in place for a couple of years and have been changed over time: 

Reduced Value-Added Tax (VAT) – implemented in 2002 by the Ministry of Finance and the State Duty Bureau.  For wind generation the VAT was reduced from the normal 17% to 8.5%.  The average generation prices were expected to decrease with this measure by US$ 0.01/kWh.  Biogas, including biogas production and related equipment production costs and purchases, has a favorable VAT rate of 13%.  For electricity generated from municipal waste the VAT is refunded completely if the waste content of the total fuel is above 80%.  Other biomass energy or renewable energy generation projects do not benefit from any specific VAT regulations.

Customs duty on wind turbines and components has been changed several times over the past years.  According to latest information, wind turbines are exempted from paying import taxes, while a 3% duty is in place for major components. Other RE imports are also partially exempted from import duties, specifically in the case of use for auto-supply.

Enterprises in new and high-technology industrial zones pay are exempted from paying income tax for their first two years of operation, instead of the normal 33%.  A rate of 15% is applied for the subsequent two years.  Beneficial rates are also in place for companies investing in certain rural and remote areas of China.  Since the income tax is a local tax, the central government usually does not issue policies and regulations that affect it.

Low interest loans, although only short-term, were introduced in 2001 for specific wind power projects.  Although of help for reducing generation costs is the selling of certificates from CDM supported projects.
Brazil

The Incentive Program for Electrical Energy from Alternative Sources (Proinfa) was introduced through law in April 2002 with Law 10.438 of 26 April 2002.
  In two phases, this law provides for the purchase of electricity from plant operators that use renewable energy sources and supply the electricity generated to the interconnected grid.  The goal expressly targets greater market participation by independent producers who are not governed by concessionaires in the public supply sector.
  A special status is granted to those operators that work with plant manufacturers who supply at least 60% (in the second phase 90%) of nationally produced components (Loy 2004).

In the first phase up to the end of 2008
, 1,100 MW each of wind power plants, small hydroelectric power systems and biomass power stations are to start operation and supply electricity to the interconnected grid at defined price rates that have been agreed with the state-owned electricity holding Eletrobrás
 after a lengthy process of discussion with the regulator, ministries and other involved stakeholders.  Instead of implementing high kWh-rates (for originally 15 years) it was agreed to extend the period of payment to 20 years.  The prices determined by the Ministry of Mines and Energy must satisfy certain minimum rates that are oriented to the average electricity tariffs for final consumers: at least 90% for wind energy, at least 70% for small hydroelectric power, and at least 50% for biomass.  The prices are limited by maximum ceiling values resulting from the uniform spread of the additional costs among all electricity consumers.  Consumers with very low consumption (up to 80 kWh/month) will be exempted from all additional costs.

At the end of March 2004 the price tariffs were published for plants that will enter into service in the course of 2006-2008.  It is planned to adjust the tariffs in line with general price developments up to the conclusion of the contract.

	
	Feed-in tariff
	Lower limit

	
	€/MWh

	Small hydro power
	46.0
	45.9

	Wind power
	70.7 – 80.1
	59.1

	Biomass
	
	

	Sucar-cane bagasse
	36.8
	32.8

	Rice husks
	40.5
	32.8

	Wood
	39.8
	32.8

	Landfill gas
	66.4
	32.8


Table 4: Remuneration rates within the framework of Proinfa; Brazil; March 2004; based on exchange rates of March 2006

Two contract rounds for those projects possessing the necessary permits under electricity and environmental law took place in the course of 2004.  Limits were introduced for the total project size that can be realized under Proinfa in each federal state (a maximum of 220 MW 
 each for wind energy and biomass, 165 MW for hydro power), in order to avoid a high concentration of renewable energy markets in just a few regions.

A total of 144 power producers have signed a power purchase agreement with Eletrobrás.  Most of the projects in the biomass sector are from the sugar-cane industry looking for increased use of bagasse-powered cogeneration.  Such projects are also in the focus of a larger number of proposals for CDM financing.  The lengthy process of tendering projects and negotiating purchase agreements and implementation contracts has delayed the original time-frame considerably.  Only one larger wind farm of 150 MW is currently nearing completion, while the final decision on some other projects is still pending.  One major obstacle may be the fact, that the Brazilian currency is currently over-valued with subsequent high prices for all imported products.  On the other hand, technical and financial constraints to connect remote generation sites to the grid, seem also to be an impediment for the timely realization of renewable electricity projects.  Some companies also complain about the high interest rates Brazilian banks charge for any type of credits, in particular for risky investments.  Another major obstacle is the requirement for substantial local input which is not met by manufacturing potential and sufficient competition within the country.

While independent autonomous producers
 enjoy priority for small-scale hydro power and biomass, autonomous producers and independent non-autonomous producers are to be treated equally for wind energy (max. 550 MW each).  Further details of the documents necessary for submitting an application to Eletrobrás can be taken from the application guidelines of the Ministry of Mines and Energy.  In addition, the National Development Bank BNDES provided long-term credits (up to 10 years) at relatively favorable interest rates for Proinfa projects on the basis of hydro power and wind energy up to the end of 2005 and for a maximum of ten years.

In the second phase scheduled to start after the target of 3,300 MW is reached, further projects are to be realized in order to ensure that renewable energies (not including large-scale hydro power) account for a share of 10% of annual electricity demand within a period of twenty years.  At least 15% of the annual growth in electricity generation should originate from these sources.  The purchase prices, also guaranteed for 20 years by Eletrobrás, are to be oriented to the production costs of new hydro power plants with more than 30 MW and new natural gas power stations.  Operators will also be granted a right to compensation for additional costs up to a remuneration rate fixed by the government outside the electricity purchase agreements.

Various additional incentives have been used in the past to stimulate in particular the construction of new small hydro power plants below 30 MW capacity:

· At most 50% of the normal tariffs are to be paid for electricity transmission and distribution, whereby a discount of as much as 100% was granted for small hydro power plants that went into operation up to the end of 2003.

· Exemption from compensation payments for flooded areas and from tax payments for water use.

· Consumers with a demand of 500 kW or more (or 50 kW for isolated supply) can negotiate agreements freely with the generator.

4. a survey of proposals and studies in Thailand towards establishing feed-in-tariffs

Important work has been done by Thai groups towards establishing appropriate levels for feed-in tariffs. Most of the work has focused on trying to systematically determine appropriate feed-in tariff levels using an “IRR” approach that seeks to set feed-in tariffs for each chosen technology at a level sufficiently high that a well-run business can make a reasonable profit. The groups include the Promotion of Renewable Energy Technologies (PRET) group at the Department of Alternative Energy and Energy Efficiency (DEDE) in the Ministry of Energy, the Energy for Environment Foundation, the Electricity Generating Authority of Thailand (EGAT), and the Federation of Thai Industries (FTI).
Among these, the DEDE’s work has attracted the highest level of attention to date. DEDE suggestions for feed-in tariffs have been shared in a number of meetings with the Thai Energy Minister
Promotion of Renewable Energy Technologies (PRET) group at the Department of Alternative Energy and Energy Efficiency (DEDE) 2005

A study, entitled “Economic and Financial Analysis of Renewable Energy Development in Thailand” by the Promotion of Renewable Energy Technologies (PRET) group at Thai Ministry of Energy DEDE is the most recent effort towards determining appropriate feed-in tariffs. The study examines the economic and financial viability of a number of renewable energy technologies, and estimates the economically optimal quantity of renewable electricity for Thailand. Furthermore, it develops several scenarios based on different financial incentives schemes. The PRET study has developed two spreadsheet models that make explicit key assumptions and allow users to change variables and observe outcomes.
 
The PRET study first investigates the economic cost of renewable energy (Table 4). Based on these costs and on estimates of resource availability, the study determines a cost supply-curve for renewable energy in Thailand (Figure 1).
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Table 5: Economic cost of power production ((Thai Ministry of Energy 2005a)
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Figure 1: Cost supply curve for Thailand renewable energy. Source: (Thai Ministry of Energy 2005a). The dotted lines refer to externality cost estimates in Thiland (REF-ex) and in Denmark (DK ext).
On the basis of this supply curve and the financial costs of renewable energy generation, the report models the impact of varying levels of feed-in tariff adder on renewable energy production (Figure 2). 
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Figure 2: effect of feed-in tariff on renewable energy production. Source: (Thai Ministry of Energy 2005a)
The study finds that to reach a target of 5,989 GWh/year by 2011, a feed-in adder of at least 1.8 baht/kWh (above avoided cost levels) is needed. Such an “across-the-board” subsidy would result in nearly all new renewable energy being biomass-based, with a small portion comprising mini-hydropower.

At a seminar on renewable energy in Haat Yaai on 20 November, 2005, DEDE Deputy Director General Amnuay Thongsathitya suggested the following tariffs:
	Energy source
	 (baht/kWh)

	Solar 
	15

	Wind
	5

	Micro-hydro
	3

	Biomass
	3.2 - 3.8

	Municipal waste
	5-6


Table 6: Feed-in tariffs proposed by DEDE in 2005. Tariffs are based on calculations that aim for an IRR on equity of 11%. Source: (Thongsathitya 2005) (Since this time, DEDE may have updated tariff proposals, with more differentiation based on technology size. We are awaiting official release of citable documents showing this)
Federation of Thai Industries (2005) & EGAT (2003) 
In an article in the Business section of the Bangkok Post, the Federation of Thai Industries (FTI)’s Renewable Energy Club was quoted as suggesting the following feed-in tariff values and contract durations:

	Type
	FTI proposed price (baht/kWh)
	Contract period (yrs)

	Solar cell
	16
	25

	Wind Energy
	6
	15

	Biomass
	2.63 – 2.80
	20

	Biogas
	3.40 – 3.50
	n/a

	Municipal waste
	3.90
	20


Table 7: FTI proposed prices and contract duration for renewable energy. Source: (Jaiimsin 2005)
Sombat Teekasap, chairman of FTI’s research and development committee, said that the FTI proposed prices are lower than costs estimated by EGAT in a 2003 internal study (Table 7), but are high enough to attract private investment (Jaiimsin 2005).
	Type
	EGAT 2003 internal study cost estimate (baht/kWh)

	Solar cell
	21.36

	Wind Energy
	7.32

	Biomass
	2.63

	Municipal waste
	5.12


Table 8: Cost estimates of renewable energy from reported EGAT internal study. Source: (Jaiimsin 2005)
Energy for Environment (2004)
In 2004 the Energy for Environment (E for E) Foundation published an EPPO-commissioned study to investigate potential support mechanisms for wind, solar and micro-hydropower. The study concluded that the commercial cost of production from various sources was as follows:
Wind commercial production costs

E for E calculates wind power unit costs to be 5.2 baht/kWh, based on Thailand’s wind regime powering a 1000 kW turbine installed at 80 meters costing EURO1000 per kW with a lifetime of 20 years, O&M expenses equal to 2% of capital cost, financing through a 70:30 debt to equity ratio with debt serviced at 10% over 7 years, a financial internal rate of return (FIRR) of 10%, a discount rate of 6.5%, income tax of 30% after an 8 year tax holiday, and an exchange rate of 40 baht to $US (Energy for Environment 2004).
Solar commercial production costs

Grid-connected solar electricity commercial costs are calculated by E for E to be 10.1 baht/kWh, based on Thailand’s solar insolation and on a solar module cost of US$2.381 per peak watt producing 3.45 kWh/kWp/day, with a lifetime of 25 years, O&M expenses equal to 0.1% of capital cost, an IRR of 10%, a discount rate of 5.75%, and an exchange rate of 40 baht to $US (Energy for Environment 2004).
Small and micro-hydro commercial production costs
The E for E study investigated commercial costs for micro-hydro to vary from 4.95 baht/kWh to 2.1 baht/kWh depending on plant size (varying from 20 kW to 100 kW with the higher tariff corresponding to lower plant sizes) and on plant factor (50% to 70%). Other assumptions included IRR of 10%, O&M expenses equal to 1.5% of capital cost, financing through a 70:30 debt to equity ratio with debt serviced at 5.75% over 7 years, and a FIRR of 10% (Energy for Environment 2004).
5. International feed-in tariff levels in compared with proposed thai levels

Feed-in tariffs in the countries above are compared with levels proposed by Thai groups in the tables below. A few caveats are necessary in interpreting the graphs: EGAT (2003) figures are not proposed feed-in tariff values, they are estimates of cost. E for E (2004) figures were not suggested explicitly as feed-in tariff values, but were calculated as commercial costs including a 10% FIRR.
Solid Biomass
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Figure 3: Comparison of international and (proposed) Thai feed-in tariffs for biomass. German prices for year 2006 in this and all subsequent graphs. Spain price from (Ragwitz and Huber 2005). China biomass price is indicative only, based on average coal price of 3.5 euro cents/kWh plus a subsidy adder of 0.25 yuan/kWh. As shown, Germany’s tariffs are differentiated based on generator size, with a bonus given for the use of combined heat and power (CHP). 

Biogas
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Figure 4: Comparison of international and (proposed) Thai feed-in tariffs for biogas. In Germany, biogas is a sub-category of biomass (Bundestag 2001). Spain from (Ragwitz and Huber 2005). Czech Republic from (UNEP 2005). 
Municipal waste
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Figure 5: Comparison of international and (proposed) Thai feed-in tariffs for municipal waste. The DEDE proposed figures are based on incineration, gasification, or anaerobic digestion technologies. German tariffs shown are based on anaerobic digestion (landfill gas). Brazil price from (GTZ 2002). Czech Republic from (UNEP 2005)
Micro- and small-hydropower
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Figure 6: Comparison of international and (proposed) Thai feed-in tariffs for micro-hydro. E for E estimates of the price of electricity from micro-hydro are differentiated according to size, and refer to small capacity plants. The Spanish tariff holds for all projects up to 25 MW. Tariff in Sri Lanka is unsubsidized. Czech Republic from (UNEP 2005).
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Figure 7: Comparison of international and (proposed) Thai feed-in tariffs for wind. 
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Figure 8: Comparison of international and (proposed) Thai feed-in tariffs for solar.  The first three German levels are for rooftop systems. The “Germany (other)” category is for non-rooftop systems. Spain data from (Ragwitz and Huber 2005). New Mexico data from: http://www.pnm.com/news/2005/0901_pv.htm. The PNM utility provides 11 cents/kwh, in addition to offsetting existing residential rates of 8.03 cents/kWh. The California government calculated that a California a rebate of US$4.5 per watt is equivalent to a subsidy of UScents 12.5 /kwh (source: http://www.documents.dgs.ca.gov/CPA/SolRFP/COGeditorial_061804_final.pdf). The current (2005) rebate is $2.8/watt (source: http://www.californiasolarcenter.org/incentives.html), implying a subsidy of UScents 7.78/kWh. The current PG&E residential rate, baseline, is 11.4 cents/kWh, for a total equivalent “feed-in” tariff of UScents 19.2/kWh. (source: http://www.pge.com/rates/tariffs/pdf/E-1.pdf).
6. factors to consider in determining appropriate feed-in tariffs 
It is beyond the scope of this paper to determine appropriate feed-in tariffs for each renewable energy technology. Indeed, this is best determined by a streamlined process that receives broad public input, and is not determined by a small collection of experts. Nevertheless, we feel it is important to discuss factors for consideration in designing feed-in tariffs, and in some cases offer suggestions. Some of these factors relate to guiding principles, to characteristics of the electrical system in Thailand, and to characteristics of each renewable energy technology.

Make guiding principles explicit: every country’s feed-in tariff program has – whether explicit or not – a set of principles. In order to help move towards consensus on appropriate feed-in tariff levels, it is important to make guiding principles explicit. We believe the following principle is appropriate for Thailand: 
Feed-in tariffs should be sufficiently high that a well-run renewable energy installation can earn a reasonable return on investment; subject to the constraint that total costs (economic, social, and environmental) for each technology do not exceed total benefits. 

In practice it is difficult to calculate externality benefits (see Section 9, 10 and 11) but by looking at externality benefits calculated for the Europe context we can be fairly certain that they are not likely to exceed five or six baht/kWh. Below we invoke this principle – especially with respect to solar electricity. The implicit principle guiding Thai proposed feed-in tariff levels so far appears to be the (less appropriate) principle that “all renewable energy technologies should get enough subsidies to have the same IRR, no matter how expensive they are”.
Suggestion: review and re-adjust tariffs every two years based on scientific studies that monitor how well the feed-in tariff program is advancing towards meeting national goals for renewable energy generation and monitor recent developments in costs.  The newly adjusted tariffs should apply only to new projects (not retroactive). Projects commissioned before the tariff adjustment receive the prior tariffs for the duration of the contract. Such periodic re-adjustment is practiced in Germany and allows the feed-in tariff program to adjust to changing market conditions.
Suggestion: consider differentiated tariffs (to be initiated after the first review/adjustment period two years from when feed-in tariffs officially begin). While not essential in the initial stages of the feed-in tariff program, it would be beneficial in the medium and long term (for example in the first feed-in tariffs review/adjustment period expected in year 2008 or 2009) to differentiate feed-in tariffs according to generation size and other factors (for example, the use of combined heat and power (CHP) in biomass). In Germany, differentiation helps foster a diverse market for small as well as large generators and leads to greater overall deployment of renewable energy. Such an approach would benefit smaller businesses, and may also have benefits in reducing electrical distribution losses and upgrade costs, as well as reduce community opposition to larger renewable energy power plants. Work could immediately to begin determining appropriate differentiated tariffs in the Thai context as inputs into year 2008/2009 feed-in adjustments. (Thailand should not bother to get these differentiated tariffs in place before starting the feed-in tariff program, however, because it could delay implementation of the policy).
Suggestion: design feed-in tariffs to capture the value of on-peak generation. Currently the bulk supply tariff (transmission + generation) for on-peak (weekdays 9 am to 10 pm) generation is 2.9889 baht/kWh, whereas the off-peak bulk supply rate (weekends, holidays and night time) is 1.1765 baht/kWh, representing a difference of about 1.81 baht/kWh. In order to encourage on-peak generation by renewable energy generators (and maximize benefits to utilities), we suggest setting feed-in tariffs in ways that provide appropriately higher tariffs for on-peak generation. As a simple starting point, consider the following example: suppose that the average feed-in tariff for wind power was determined to be 5 baht/kWh. Set the on-peak wind tariff to: 5 + (1.81/2) = 5.905 baht/kWh. Set the off-peak rate to 5 - (1.81/2) = 4.095 baht/kWh.

Each renewable energy technology (biomass, biogas, municipal waste, wind, micro-hydropower and solar), and the contemporary world market context for each technology, have specific characteristics that should be taken into consideration in determining appropriate feed-in tariffs in Thailand. These are discussed below:
Solid Biomass
Suggested tariff rates in Thailand of 2.63 to 3.8 baht/kWh seem reasonable. DEDE’s 3.8 baht/kWh would encourage considerable investment at low cost to consumers. Considering the relative success of biomass so far in Thailand (about 800 MW installed as of 2005) with tariffs generally less than 2.5 baht/kWh, the 2.63 to 3.8 baht/kWh tariffs proposed by different actors in Thailand (Figure 3) should attract considerable investment and play a strong role in helping meet Thailand’s targets, especially if access to the grid is guaranteed and streamlined. Even the highest figure, 3.8 baht, reflects a relatively low subsidy premium above long-range marginal costs of electricity production & transmission, so the net impact to consumers will be small.

Differentiated rates: Following Germany’s example, eventually it would be preferable for Thailand to establish differentiated rates – especially important for biomass -- based on generator size and whether or not it employs CHP. This would allow smaller biomass generators to be cost effective, while not over-compensating large units that benefit from economies of scale. It should also be determined which biomass fuels and generation technologies including environmental standards will be accepted.
Biogas
Proposed tariff rate (3.4 baht/kWh from FTI) for biogas seems reasonable – at least in comparison to international numbers (Figure 4). However, some large biogas facilities are already very cost-effective at existing VSPP tariffs (see, for example, (Plevin and Donnelley 2004)). This is especially true in cases in which biogas facilities can also capture significant carbon emission reductions credits due to the substantial methane emissions that they avoid. Thus, biogas is another technology in which there are considerable economies of scale, and differentiated rates – with lower rates for large projects and higher rates for small projects – would make sense for Thailand. As is the case with solid biomass, even the suggested 3.4 baht/kWh rate is fairly low compared with avoided generation costs, and the impact to electricity consumers from this feed-in tariff would not be very high.
Municipal Waste
Compared with international levels, DEDE proposed feed-in tariffs are high (Figure 5). Municipal waste can be turned to electricity through capturing the methane gas from landfills or through incineration. In other countries landfill gas appears to receive feed-in tariffs equal to or less than biogas tariffs. Municipal waste incineration is sometimes excluded from feed-in tariffs all together. When it is not excluded it gets feed-in tariffs equal to or less than biomass tariffs. We are surprised, then, that DEDE’s suggested tariffs (5 baht/kWh) for municipal waste  are considerably higher than either biomass or biogas tariffs, and higher than landfill gas tariffs in other countries.

Existing biogas experience in Thailand suggests that landfill gas in Thailand should be considerably cheaper than in Germany – in part because of Thailand’s warm ambient temperatures, and in part because of lower labor costs in Thailand. And generation of electricity from municipal waste incineration should be comparable to electricity generation from solid biomass incineration. But DEDE proposed levels are considerably higher than either European landfill gas feed-in tariff levels or suggested feed-in tariffs for biomass in Thailand. 

In Germany landfill gas is considered along with sewage and mining gas (e.g. Germany) and gets a lower feed-in rate than biogas, which is compensated at biomass rates (see Table 1). In the Netherlands (IEA 2005) and Spain (Ragwitz and Huber 2005) landfill gas has the same feed-in tariff as biogas. In the Czech republic landfill gas feed-in is 77 Euro/MWh, while the feed-in tariff for biogas is 103 Euro/MWh (UNEP 2005). These international experiences suggest that in Thailand landfill biogas should receive feed-in tariffs that are not higher than feed-in tariffs for other biogas.  
Incineration of municipal waste is more contentious: in general, it is excluded from subsidies or it is remunerated at the “biomass” rate. The European Union Directive on Renewable Energy points out that only the biodegradable proportion of any waste stream can be considered renewable, but some countries (Spain, Italy) do allow non-renewable waste to be accounted for in accounting for renewable energy electricity production (WWF International 2004). When incineration of municipal waste is allowed (Spain, the Netherlands) it is remunerated at the biomass level (e.g. 3.15 baht/kWh in Spain)(IEA 2005; Ragwitz and Huber 2005). This, too, is much less than DEDE’s proposed 5 baht/kWh tariff.
Overall, economics for municipal waste may improve when one considers the benefit of off-set garbage tipping fees (waste that is burned does not need to take up space in a landfill). Finally, policy makers should be vigilant to ensure that municipal waste incineration does not lead to high emissions of toxic air pollutants (dioxin, etc.). Municipal waste should only be eligible for subsidy if it complies with environmental standards.
Micro- and small-hydropower

E for E’s numbers provide a nice starting point for differentiated tariffs based on project size, with a focus on small projects (20 kW, 40 kW, 50 kW, etc.) (Figure 6).

The Thai DEDE proposes feed-in tariff value of 3 baht, based on an expected project life (but not power purchase agreement!) of 40 years and based on cost figures developed by DEDE’s microhydro division. This 3 baht/kWh tariff seems reasonable for larger projects (100 kW and above) but difficult for smaller projects. In general, we recommend that micro-hydropower feed-in tariffs should reflect a contract life that is the same for other renewable energy sources (e.g. 15 years) since it is very unlikely that a micro-hydropower generator would be able to secure a 40-year contract.

Germany and Spain’s rates for hydropower are higher than DEDE’s proposed tariffs, probably reflecting the high environmental standards that projects in these countries must meet. But Sri Lanka’s are lower. Sri Lanka has developed considerable hydropower resources under these policies, but these projects have been fairly large in scale (multi-MW) and Thailand has very few undeveloped MW-scale sites.
Wind
Proposed Thai feed-in tariffs for wind (Figure 7) are higher than any country studied, reflecting the general perception that the quality of the wind resource in Thailand is poor. However, Thailand’s best wind sites are as likely as good as or better than Germany’s worst sites currently being developed at 4.08 baht/kWh. Eventually Thailand may be able to develop wind power sites at the German cost, but additional incentives may be necessary to help prime the market. DEDE’s suggested level of 5 baht/kWh appears broadly reasonable.
Solar
We feel that Thailand’s proposed tariffs for solar (Figure 8) are too high, considering the context. At the same time, we disagree with the proposal to cap the total installed MW eligible for subsidies.
Feed-in tariffs that earn stock-market level returns are not justified by the externality benefits provided by PV. The solar feed-in tariffs levels of 10-20 baht/kWh proposed by Thai actors are far from justified by the socio-economic externality benefits of PV (see Figure 14, Figure 15). On the basis of externality benefits and energy value it would be difficult to justify tariffs above 5 or 6 baht/kWh.
No developing country has adopted high feed-in tariffs for solar electricity. If Thailand does so, it would be the first. This suggests that other developing countries find it more worthwhile to subsidize more cost-effective renewable energy sources, or to use limited funds for other purposes.

Proposed levels for solar in Thailand are very high compared with levels for other renewable energy sources. At proposed level of 15 baht/kWh, PV is 3 times as costly as wind power (proposed 5 baht/kWh), and 5 times as costly as micro-hydropower (proposed 3 baht/kWh). This suggests that subsidizing other technologies (which require less subsidy to become commercially viable) may be a better use of public or ratepayer funds.

International and Thai experience suggests many people will invest in solar even if IRR is not set at stock-market levels. For rooftop solar electricity, it is useful to consider the experience of solar programs in the USA that have been successful in achieving large amounts of installed MW even if they do not provide a high IRR for the customer-generator. Examples include the original Sacramento Municipal Utilities District (SMUD) Solar pioneers program
 (which charged customers several dollars per month to have a solar PV system installed on their rooftops), and the California Energy Commission (CEC) solar PV rebate (US$2.80 per installed watt -- equivalent to a feed-in tariff of 7.67 baht/kWh assuming baseline residential tariffs in Pacific Gas and Electric PG&E territory)
. Even at the start of the CEC program in 2002 when the CEC was offering $4.50 per watt, it still amounted to an equivalent feed-in tariff “top-up” of $0.125/kWh or about 5.1 baht/kWh
. Together with a baseline residential tariff of about 11.4 cents/kWh, this amounts to $0.24 per kWh, or about 9.8 baht/kWh. California now has nearly 19,000 installed or waiting-to-be-installed PV systems in California, totaling 254 MW. Clearly Californians on average have higher income than Thai people, and Californians on average may have higher proclivity towards green consumerism than Thais, but it is easy to imagine that if California’s policies were implemented in Thailand they would lead to at least tens of MW of PV (compared to California’s hundreds of MW). 
Indeed, experience with customer-generators in Thailand (e.g. Tesco Lotus 460 kW system installed even though it is offsetting rates of only 3 baht/kWh) indicates that significant interest exists even when the commercial value of solar electricity is much lower than 15 baht/kWh.
High feed-in tariffs for solar offer no guarantees, at least in the next few years, that there will be price decreases in solar panels. Indeed, the current high world market price for solar panels (with price increases of 25% since 2003) have been blamed on high demand for subsidized grid-connected solar electricity programs and on competition for crystalline silicon from the semiconductor industry (Hande 2006). In the short-term (the next two or three years), high feed-in tariffs in Thailand will only add to this effect. Considering the expected high price of silicon in the next few years, Thailand might be best advised to wait until the world market has re-adjusted and built new silicon purification plants, which will help prices return to 2003 levels (and lower).
Caps on installed MW impose unnecessary investor uncertainty. The DEDE suggests 15 baht/kWh, but also suggests limiting total fiscal impact by capping subsidized solar at 60 MW (or perhaps 33 MW or 250 MW). This is the wrong approach. A cap creates investor uncertainty because the investor never knows if the program’s quota will be exceeded by the time that his installation is approved. It is better to leave the program MW uncapped, but to lower the tariff to a lower level.
In general, these observations point to the need for a substantially lower subsidies for solar than the 10-20 baht/kWh feed-in tariff suggested by various actors in Thailand. The authors of this report have differing recommendations. One (Greacen) recommends that for the sake of consistency, solar PV should receive a feed-in tariff, but it should not be higher than 5 or 6 baht/kWh. This level is consistent with the highest likely justifiable (externality + energy) benefits for solar. Five or six baht/kWh is also consistent with the suggested feed-in tariff for wind power or micro-hydropower which have very similar externality benefit characteristics to solar PV (solar, wind & micro-hydro technologies release no pollution in their operation, and offer similar opportunities for local employment, technological development
 and capacity building). The other consultant (Loy) recommends no feed-in tariffs for solar, and instead  recommends introducing a number of incentives that in combination could support PV-on-grid systems: true net-metering (requiring only a single meter instead of the two-meter system currently required), reduced import and VAT taxes for solar electricity, low-interest loans (maybe handed out by PEA or MEA), income tax deduction and similar "low-profile" measures which do not place too much burden on the state or rate-payers budget.  This complete bundle of incentives should bring PV closer to competition with conventional electricity.
7. what is already in place to implement feed-in tariffs in Thailand?

Much of the basis for feed-in tariffs is already in place in Thailand, but key gaps exist. The existing Small Power Producer (SPP) and Very Small Power Producer (VSPP) regulations already require Thai distribution utilities to accept renewable energy power, and specify the technical arrangements under which renewable energy generators can interconnect to the Thai grid. These laws are described briefly below:

SPP
The Small Power Producer (SPP) program applies to renewable energy and to cogeneration (generally using natural gas or coal). SPP generators connect to PEA or MEA lines and sell electricity under power purchase agreements (PPAs) to EGAT. Generators in the SPP program are limited to 90 MW maximum export, and are typically 5 MW or larger. SPP generators above 8 MW must connect to high voltage (69 kV or 115 kV) lines (EGAT, MEA et al. 1998). As of July 2004, 41 renewable energy generators totaling 860 MW in generation capacity were in operation under the SPP program, selling 344 MW to the grid with the remainder (860 MW minus 344 MW) used as self-consumption within factories that host the SPP generators.

VSPP

The Very Small Power Producer Program (VSPP) provides reduced and streamlined interconnection requirements for generators with net export
 under 1 MW. The Ministry of Energy is likely to raise this limit to 6 MW (and subsequently to 8 MW to 10 MW) in a set of upgraded VSPP regulations currently under consideration. Generators with capacity above 66 kVA (PEA) or 300 kVA (MEA) must connect at medium voltage levels (24 kV or 33 kV). Generators lower than these capacities can connect at low voltage (230 / 380 volt). As of September 2005, 94 generators totaling 26.8 MW have applied for interconnection. Of these, EPPO data
 indicates that as of September 2005 only 16 generators totaling about 16 MW are actually in operation. This may indicate bottlenecks in the process.

Implementation so far of both SPP and VSPP laws by the utilities is not perfect. Complaints regarding excessive charges, delays and bureaucratic paperwork are described in (Greacen 2005). Nevertheless, the SPP and VSPP laws do provide an important policy platform and a set of utility experiences upon which feed-in tariff arrangements can be built.

8. what is required to implement feed-in tariffs in Thailand?
Comparing international experience with feed-in tariffs, it is clear that to establish an effective feed-in tariff program in Thailand, the following are needed:

· A legal basis for the program (and for funding the program) that provides sufficient assurances to investors that feed-in tariff levels will be sufficiently high for a sufficiently long time to justify investment

· Generators to have guaranteed access to the grid (already partially in place, but improvements in implementation would help)
Also important in the long run, though not essential before starting the feed-in tariff program:

· Establishment of an independent regulatory authority with analytical capacity and the authority to levy fines

Legal basis for Feed-in tariffs

Investors need confidence that higher feed-in tariffs will be in place long enough to recoup costs. If a Thai feed-in tariffs policy is not on a firm legal foundation, investors have may legitimate concerns that the program might disappear under a new government. Specifically, a legal basis is needed for appropriating taxpayer or ratepayer funds to pay for feed-in tariffs.
Cabinet resolution option
There appear to be several options for establishing a feed-in tariffs program. The most immediate (though not very secure) option is to use a cabinet resolution. Officials at EPPO and the DEDE said that funds for the feed-in tariff program may come from a new component in the Ft (fuel adjustment) per-kWh charge currently levied by utilities on rate payers. The Ft charge was originally developed as a way for utilities to pass fuel price volatility on to consumers, but grew in scope to include costs of new capacity, take-or-pay gas contracts, revenue shortfalls due to inaccurate demand forecasts, and foreign exchange risks (Greacen and Greacen 2004). 
The benefit of a cabinet resolution is that it can be fairly quickly accomplished – within months. The benefit of using the Ft mechanism to collect funds is that it is convenient and expedient. The danger of relying on a cabinet resolution is that it can also be fairly quickly overturned. The danger is that the Ft is regarded as politicized and lacking in transparency, and activist groups argue that it should be dissolved (Bangkok Post 2001).
Instead of extracting funds from consumers through an Ft charge, it would be possible in the short term to use funds in the already existing ENCON fund. As of June 2005, the ENCON Fund had a balance of more than THB 14 billion (US$350 million) (Danish Management Group Thailand 2005). However, much of this fund may already be allocated for other purposes. Even if the total amount (US$350 million) were available, the fund could only pay for a year or less
 of feed-in tariffs at the government target level of 11630 GWh/yr. Thus, the ENCON fund can only be seen as a very short term solution.

Parliamentary Law

A longer term approach is to develop a specific renewable energy law, passed by Parliament, which provides for feed-in tariffs. This is the approach used by Germany, China, and Spain. Such a law might establish a new “renewable energy surcharge” component in the tariffs charged by MEA and PEA to pay for the program.
Another possibility is to include feed-in tariffs into a proposed Energy Act that would establish an independent regulatory authority for Thailand. An advantage of this approach is that there is a natural role for the independent regulatory authority in overseeing implementation of a feed-in tariff program. A strong disadvantage, however, is that legislation to create an independent regulatory authority is almost certain to be politically sensitive (the current government has been slow in adopting independent regulatory oversight in any industry). It is therefore probably unwise to tie the fate of feed-in tariff legislation to legislation enabling a regulator because of the possibility it might be delayed or stalled. 

This consultant recommends a hybrid approach: establishing the feed-in tariff program initially under a cabinet resolution, but at the same time working to ensure that a renewable energy law is passed by parliament that includes provision for feed-in tariffs.
Access to the grid

While Thailand’s utilities are to be commended for being leaders in grid-connection of renewable energy in the region, a number of private power producers have not been satisfied with interconnection arrangements (Janchitfah 2005). Some generators have issues relating to interconnection charges and back-up power charges that they believe are either discriminatory or are not reflective of actual costs. Other generators feel that it is unfair to have to connect at 69kV or 115 kV, which requires very expensive interconnection equipment. These generators cite engineering analyses that determine that in many cases there are no engineering reasons why it is not possible for smaller SPPs to interconnect at 24 kV or 33 kV. Generators have complained that utilities force them to pay for unnecessarily expensive upgrades to the utility distribution network in order to interconnect when less expensive upgrades would suffice from a technical perspective. At the same time some SPP generators we have spoken to are concerned that if they complain they may face reprisals from the Thai utilities that are their sole market for power export. The lack of an independent regulatory body leaves many important decisions to the utilities and offers little recourse in the event of disagreements.

VSPP generators have also registered complaints. Solar electric installations, for example, have been not been awarded permission to sell electricity to MEA as VSPP generators because of disagreements over certification of inverters used and the requirement that generators have two separate meters (a requirement that appears unique to Thailand – no other utilities in the world require two meters for a net-metered interconnection). A number of VSPP generators have complained that the paperwork, permits and delays required for the VSPP program remains excessive.

The consultants recommend authorizing the independent regulatory authority (when it exists) to investigate grievances by customer-generators and by utilities with the power to levy fines for failure to comply with the law. Summary analyses on the nature and quantity of grievances should be made publicly available. 
9. power sector externality costs
An externality cost approach provides a basis for subsidizing renewable energy technologies based on their socio-economic benefits. Conventional electricity plants have negative externality costs including health effects, crop losses, building damage, and increased mortality from pollutants, acid rain, water pollution, and global warming that accrue to society even if they are not internalized by power plant owners. Because externality costs are not included in conventional prices, to level the playing field an “externality benefit” equal to the excess externality cost of conventional generation can, in theory, be assigned to renewable energy technologies. In theory this approach ensures that no renewable energy technologies are over-subsidized leading to net social economic loss.
External costs and benefits are often difficult to assess.  In most cases, the affected goods are not traded in a market and their values are not directly identifiable.  Since the 1980s a number of studies have attempted to value the externalities arising from electricity production. A review of 40 of these published studies by Thomas Sundqvist (2000) shows that there is wide variation between study results: estimates of the costs of externalities by different studies sometimes differ by several orders of magnitude. To site an important -- and extreme -- example, the externality costs of coal-fired generation range from 0.004 US cents/kWh to 2000 US Cents/kWh. Similarly, estimates from studies of impacts from oil vary from 0.05 US cents/kWh to 680 US Cents/kWh. Externality costs for renewables are uniformly lower, but still show considerable variation in the 40 studies. The minimum cited externality cost is zero for solar, wind, and biomass, with maximum at 2.53, 1.03, and 17.7 US cents/kWh respectively (Figure 9).
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Figure 9: Range of external cost estimates from different fuel sources. Source: (Sundqvist 2000)
The variation between study results decreases considerably if one disregards the uppermost and lowermost 25% of the externality cost estimates. The remaining 50% of the estimates for externality costs might be considered “middle of the road” estimates. For coal, these vary from 1.3 US cents/kWh to 19 US Cents/kWh, and 1.1 US cents/kWh to 10 US Cents/kWh for electricity generated from oil. Renewables are, as expected, considerably lower: 0.1 to 0.5 US cents/kWh for wind, 0.15 to 0.8 US cents/kWh for solar, and 0.6 to 8 cents/kWh for biomass. Even from the “middle of the road” international studies generally conclude that externality costs for non-renewables are significant, and are considerably higher than for renewables. Among renewables, solar, wind and micro-hydropower have lower externality costs than biomass. Sundqvist observes that these studies on average are most likely to underestimate externality costs because in many studies there are many types of damage that are not quantified, and therefore not monetized and included in the externality cost estimate, because sufficient data is not available. 
Explaining differences in study results

Comparing the findings of these studies without understanding their differences is somewhat problematic. At the very least, it treats each study as equal, and ignores the fact that the studies vary considerably in methodological approach, scope, assumptions, and thoroughness.

There are three main methodological approaches used in the 40 electricity externality studies reviewed:

· Abatement cost approach

· Damage cost (top down)

· Damage cost (bottom up)

The abatement cost approach uses the costs of controlling or mitigating damage as an implicit value for the damage avoided. For example, the approach examines current or proposed regulations, and then estimates the cost of technology necessary to meet emissions requirements. This cost is divided by allowed pollutant to provide a proxy for externality cost
The approach is criticized for making the strong assumption that decision-makers have correctly decided the appropriate levels of pollution that are acceptable to society.

The damage cost (top down) approach makes use of aggregated (regional or national level) data to estimate the cost of particular pollutants. For example, it may rely on existing data about the total nation-wide damage caused by a particular pollutant. The approach then assesses the amount of damage caused by electricity generation based on the percentage of total emissions of the pollution in question. It repeats the same approach for different pollutants/factors and then aggregates the estimated costs.
The main critique against the top-down approach is that it fails to take into account the site specificity of many types of impacts, and the different stages of the fuel cycle. Another argument that has been raised against the approach is that it is derivative since it depends mostly on previous estimates and approximations (Clarke 1996). 
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Figure 10: Top down approach. Source: (Sundqvist 2000)
It appears that the bottom up damage cost approach, though more difficult, is becoming the dominant externality assessment methodology. The bottom-up considers the emissions from individual power plants. Damages from are traced, quantified and monetized through damage functions and impact pathways.  This method makes use of technology-specific data, combined with dispersion models, information on receptors, and dose-response functions to calculate the impacts of specific externalities.
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Figure 11: Impact Pathway (Bottom-up) approach. Source: (Bickel and Friedrich 2005)
The ExternE (Externalities of Energy) studies supported by the European Commission (EC) use the bottom up damage cost approach and are the most comprehensive effort so far at externality cost estimation for energy. These studies are very data intensive. For example, the ExternE cost study on the Lauffen coal plant in Germany considers impacts to public health, occupational health, materials and buildings, agriculture, forestry, amenities, and aquatic resources. Within each category of impacts, many assessment methologies might be used, ranging from dispersion models for pollutants, dose-response models that consider impacts to human health, atmospheric chemistry models that link acid rain to SO2 and NOx emissions, and so forth. Table 8 below shows the wide range of impact categories, pollutants, and effects that are considered in ExternE studies.
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Table 9: Externalities quantified and monetized in Extern-E study. Source: (Friedrich 2005)
To illustrate what is involved for each of these sets of pollutants and effects, consider the process for determining externality cost from increased mortality impacts of SO2 (sulfate) pollution from a single power plant. In Table 8 above, these are highlighted in yellow. (As Table 8 above suggests, in the full Extern-E study this process is repeated dozens of times for different power plants, for different energy generation technologies, for different pollutants, and for different impacts).
To determine impacts from increased mortality from sulfate pollutant, the ExternE first uses power plant emissions data and atmospheric dispersion models to determine spatial distributions of increased concentrations (Figure 12).
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Figure 12: Increased sulfate concentration due to Coal fired power plant in Lauffen. Source: (Friedrich 2005)
Then the study uses the following empirically derived relationship:

Additional Years of Life Lost= 3.9 · 10-5·ΔSulfate· Population
A spatial distribution of years of lost life is then calculated using the dispersion relation and population density data (Figure 13). This data is aggregated to conclude that every year of operation results in 103 lost years of life. 
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Figure 13: Human life time lost per year of operation due to coal fired power plant in Lauffen. Source: (Friedrich 2005)
As a final step in the sulfate-induced mortality component, the study then assumes that one year of lost life is equal to EURO 50,000. 103 years x EURO 50,000 per life = EURO 5.15 million per year.

Using the impact pathway approach, in 1995 the “ExternE national implementation project” calculated energy externality costs for power plants in 15 European countries (Figure 14).  Externality values for coal ranged from EURO Cents 2 per kWh to 15 cents/kWh depending on technology and power plant location. Natural gas ranged from 1 to 3 cents/kWh. Renewables were generally much less than 1 euro cent/kWh with the exception of biomass plants in Austria and Germany.
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Figure 14: Externality costs (in Euro Cents per kWh) of power stations in 15 European countries conducted in 1995. Source: http://www.externe.info/
The bottom-up “Impact Pathways” approach has been criticized for focusing on areas where data is readily available and possibly leaving out important impacts. Possibly important effects that are not (yet) include: visual intrusion, biodiversity losses (through eutrophication and acidification), risk of nuclear proliferation and terrorism (Friedrich 2005). The ExternE project continues to refine methodology; the latest methodology update (2005) is available as a 240 page book (Bickel and Friedrich 2005) which can be downloaded from www.externe.info/brussels/methup05.pdf.
Fuel price volatility, national security, and development benefits

In addition to the environmental and social externality cost benefits discussed above, renewable energy can bring other externality benefits. These include the following:

Fuel volatility reduction benefit: Fossil fuels (especially natural gas and fuel oil in the case of Thailand) have considerable fuel price variations. Fuel price variations are passed directly to electricity consumers through a tariff mechanism known as the "Ft". This volatility comes at a high economic cost since electricity users have to bear the risk that future high prices might substantially affect the profitability of their firms. Studies have shown that economic growth slows during periods of high fossil fuel prices (Awerbuch 2003). Thailand's high dependence on imported fuels leaves the economy particularly susceptible to fossil fuel price risk (Phongpaichit and Baker 1998).  Renewable energy, on the other hand, has either free fuel (wind, solar, micro-hydro) or fuel whose costs are not correlated with the rises and falls of fossil-fuel prices (e.g. rice husk, palm bunches). In many cases in Thailand, fuel is agricultural residue from the same factory that generates electricity, further reducing volatility. The cost of fuel price risk can, in theory, be proxied by comparing fossil fuel futures prices with the fossil fuel prices used in power sector planning documents. Indeed, if a power plant developer were forced to internalize fossil fuel price risks, they would use futures contracts (or similar financial instruments) to hedge against future fossil fuel price rises.

National security benefit: Reduction of reliance on imported energy reduces vulnerability of the Thailand and increases national security costs. Thailand's government has argued that higher prices paid for gas from Burma and for electricity imported from Laos hydropower projects are justified because they increase national security by reducing imports. But at the same time, these foreign sources carry their own considerable national security risks: it would be easy for the Burmese or Lao governments to turn off supply at a moment's notice as a bargaining strategy in the event of a conflict.  To what extent is Thailand's military budget allocated to protecting fuel import routes, and to what extent might future expenditures be reduced with decreased reliance on imported energy?  Domestic renewable energy avoids these costs, but it is not clear how to quantify these benefits.

Benefit to the country's economic and technological development: Supporting renewable energy technologies, it is argued, can provide valuable stimulus for developing domestic industry and technological capacity, increasing Thailand's competitiveness. 

Local employment benefits: Renewable energy provides local employment opportunities (especially in rural areas where renewable energy resources are concentrated) increasing flow of money within communities, within rural regions, and within the country as a whole.

10. a review of studies in Thailand that have addressed issues of power sector externalities

There have been relatively few studies in Thailand that has addressed issues of power sector externalities, and subsequently there is little information on the value of these externalities. The Thai studies to date attempt to quantify a portion of the social and externality costs from conventional (especially coal) electricity generation.
Danced (NEPO/DANCED 1998) Investigation of Pricing Incentive in a Renewable Energy Strategy -- Main report commissioned by EPPO includes a chapter on externalities that provides a review of 7 international externality studies, and a discussion of externality study methodologies, but does not attempt to estimate externality values for the Thai power sector.
Energy for Environment (2004). Study to determine methods to support electricity generation from wind and solar energy (in Thai), also commissioned by EPPO, includes a section on externalities. The study suggests adopting ExternE values (as these studies appear to be most thoroughly performed), adjusted using the following formula: 

Externality cost (Thai) = Average Externality cost (Europe)  x Per capita GDP (Thai) / Per capita GDP (Europe)
The argument is that pollution in Thailand produces lower (economic) impact than in Europe because Thailand is less economically productive than Europe. 
While the bottom-up damage cost methodology of the ExternE is among the most highly respected in the field of externality studies, the results of the European studies are not readily transferable to Thailand because assumptions including those about atmospheric pollution transport, dose-response relationships, and pollution impacts on material, crops, forest and fisheries are not necessarily valid for Thailand. The EC studies assume power plants are built to European environmental standards, which are higher than those in Thailand. On the other hand, noise and visual impacts in Thailand may have less monetary value than they do in Europe. Adjusting the monetized value of European externalities using the ratio of Thai to EC GDPs, while simple, may not be appropriate since some impacts are regional or global. The relation also assumes that elasticity of willingness to pay (WTP) with respect to real income is equal to one. From an environmental justice perspective, the entire WTP approach raises uncomfortable ethical issues as it is equivalent to arguing that pollution causes less externality cost damages in poorer countries because it affects poorer people, and they do not count as much as wealthier people. Poor people are entitled to clean air and water just as much as rich people, and similarly people in Thailand deserve to breathe clean air just as much as Europeans do.
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Figure 15: Estimate of externality costs from the power sector in Thailand based on average European externality values adjusted using per capita GDP ratios. Source: (Energy for Environment 2004)
In Figure 15 above, the “fuel mix” category represents the externality of Thailand’s current fuel mix (predominantly natural gas, with coal and large hydropower making up most of the remainder) based on GDP-adjusted, weighted averages of European values. By subtracting the renewable energy externalities from the “fuel mix” externality, the E for E study proposes rough estimates of appropriate externality-based renewable energy subsidies.
 These values are considerable lower than typical international feed-in tariffs or feed-in tariffs proposed for Thailand.
	Fuel
	E for E estimate of externality-based subsidy (baht/kWh)

	Biomass
	0.57

	Hydro
	0.81

	Solar
	1.06

	Wind
	1.16


Table 10: Renewable energy subsidy suggested by E for E (2004) based on per-capita-adjusted European average externality values for renewable energy fuels and Thailand’s fuel mix. Source: (Energy for Environment 2004) 
A few other studies address externality cost of power production in Thailand, but focus only on heath impacts from particulate matter (PM10) and sulfur dioxide (SO2) emission from Thai lignite-fired power plants (Shrestha and Lefevre 2000; Thanh 2000; Thanh and Lefevre 2001). The studies use several different methodologies, including the impact pathway approach and a simplified International Atomic Energy Agency methodology to estimate the level of health effects caused by air pollution from specific coal plants. The studies are useful in that they identify dispersion models adapted to the Thai context and use dose-response relationships specific for (urban) Thai people. Like the E for E study, in monetizing externality impacts the studies use European values using a per-capital GDP adjustment factor.
11. a discussion of requirements to conduct a comprehensive power sector externality cost study in Thailand. 
The Considering the scope and depth of the ExternE studies, the comparability with Europena and the high influence of ExternE findings (Sundqvist 2000), the best option may be to develop a partnership with the EC to conduct a study in Thailand using ExternE methodology.  The Extern-E software, “Ecosense”, has been adapted to other territories in the world, especially for China, Russia, Brazil and Mexico
.
As discussed above, to conduct a Thai ExternE study, considerable data is required – some of which may exist already in Thailand, but some of which may not:

Source data
· power plant locations, stack heights, and fuel composition, emissions control equipment, measured emissions

· New methodologies may necessary to account for new large-scale hydropower imports as a power sector option in the region – which has very different impacts including forced relocation and considerable fisheries impacts which, many argue, are not sufficiently internalized.
Dispersion data
· predominant wind patterns

· deposition of pollutants in Thailand (what portion wet deposition? What portion dry?)

· chemistry of water/soil/air in Thai environment (e.g. alkalinity, ozone formation and interaction with sunlight)
Dose-response data
· Crop, forestry, fisheries spatial distribution

· Crop, forestry, fisheries susceptibility to pollutants

· Thailand epidemiology (human mortality/morbidity response to pollutants)
Monetary valuation data
· Crop damage estimates
· Value of mortality, years of lost life, cost of hospital visits, lost work

· Labor rates (to repair damaged buildings, etc.)

· Thai consumer preferences (Hedonic pricing)
It would be clearly be beneficial to solicit the aid of the Extern-E team and the EC to help guide this research. We have informally contacted a key member of Extern-E to find out what that might entail – and if it is possible. His response indicates that it would be necessary to find funding for such a project would require funding, and that it would be necessary to specify what types of calculations are a priority for Thailand.
Conducting such a comprehensive and systematic power sector externality study for Thailand is clearly a time- and data-intensive project that would likely take a year or more to complete. Feed-in tariffs should not wait for such a project to be completed. But results, if and when available, could help serve as another input into determining appropriate feed-in tariff values, as well as help guide power sector planning to benefit the Thai economy, and help identify economically cost-effective pollution control measures.
12. Summary of recommendations for immediate policy measures and a suggestions for an approach to implementing feed-in tariffs in Thailand.

The year 2011 is only 5 years away. We recommend moving quickly to establish feed-in tariffs in Thailand so that the benefits have time to accumulate. At the same time, it is necessary to putting in place mechanisms to strengthen the program in the long term by “learning by doing”, through review/adjustment of tariff levels every two years, and putting in place a stable legal basis on parliamentary law.

Several steps need to happen:

1. Arrive at mutually agreed-up principles for determining feed-in tariff levels.

2. Arrive at mutually agreeable initial feed-in tariff levels for different technologies. We think that the levels proposed by various Thai actors for biomass, biogas, wind power, and micro-hydropower are all broadly reasonable. The levels for MSW and solar electricity should probably be trimmed (as discussed in Section 6).

3. Establish a legal basis for feed-in tariffs, as described in the section 8. In the short term, this could take the form of a Cabinet Resolution. However, work should also be initiated to develop a full renewable energy law to be passed by Parliament in order to provide sufficient long-term assurances to investors that the feed-in program will be in existence long enough to justify investment.
4. Generators to have guaranteed access to the grid (already partially in place, but improvements in implementation would help, as discussed in section 8)

Also important in the long run, though not essential before starting the feed-in tariff program:

5. Establishment of an independent regulatory authority with analytical capacity and the authority to levy fines (discussed in section 8)
6. Conduct an externality study (likely with Extern-E) assistance (discussed in section 11). 

Appendix 1: rps – how it works and what is particular about the thai situation
In Thailand, an RPS has been proposed to meet 140 MW of Thailand’s renewable energy target. This appendix describes how RPS policies work in other countries, outcomes of RPS policies vs. feed-in tariff policies in other countries. It also discusses concerns that have been raised about the proposed Thai RPS, in particular concerns regarding the practicality of implementing an RPS in a non-competitive market environment, and a lack of convincing mechanisms to ensure that the proposed Thai RPS would deliver cost-effective renewable energy. We suggest that Thailand may be better off using its limited policy-making resources to focus on implementing an effective feed-in tariff policy.
How the RPS works

As implemented in other countries, a Quota System, or Renewable Portfolio Standard (RPS) obligates each retail seller of electricity to include in its resource portfolio a certain amount of electricity from renewable energy resources. The retailer can satisfy this obligation by either (a) owning a renewable energy facility and producing its own power, or (b) purchasing power from someone else's facility. RPS statutes or rules can allow retailers to "trade" their obligation. Under this trading approach, the retailer, rather than maintaining renewable energy in its own energy portfolio, instead purchases tradable Renewable Energy Certificates (RECerts or RECs) that demonstrate that someone else has generated the required amount of renewable energy (Rader and Hempling 2001). In other countries, an RPS requires a market (usually a computerized trading system with regulator oversight) for RECs. So far, all countries with an RPS also have a liberalized energy market with a regulator.

International experience with the RPS
Twenty two US states, Australia, Austria, Belgium, Italy, Japan, Sweden and the UK have implemented RPS-type policies (EWEA 2005; Haynes 2005; Schafer 2005). Due to the new nature of these policies, experience has been has been somewhat limited. While there are examples of RPS failures in several US states (see text box), there is also evidence that, together with other incentives, a properly designed RPS (e.g. Texas) together with other incentives (such as the USA federal production tax credit) can be effective in encouraging substantial renewable energy investments.

RPS failure mechanisms in US states

In the USA, several states have successfully applied an RPS policy. A number of other states have implemented RPS mechanisms that have failed. Some of the reasons for failure are discussed below:
|
“•  Selective application of the purchase requirement. Several U.S. states only apply the  RPS to a small segment of the state’s market, muting the potential impacts of the policy. (Editor’s note – this is somewhat similar to the Thai situation – the RPS only applies to new fossil fuel plants (no big hydro) starting after 2008).  For example, in Connecticut the utilities that deliver energy to customers that do not switch to a new electricity supplier are exempt from the purchase requirement. Not only does this approach violate the principle of a level playing field for competitors, but it also ensures that the RPS will have only a marginal impact, as the vast majority of customers have shown no interest in switching suppliers.

•  Uncertain purchase obligation or end-date. Another common concern is the uncertainty in the size of the purchase standard and its end-date in some U.S. states. In Maine, for example, the RPS is to be reviewed every five years. In Connecticut, when and how the  RPS will end is simply unclear.  Such uncertainty limits the ability of renewable  generators to obtain reasonably priced long-term financing. 

•  Insufficient enforcement of the purchase requirement. Without adequate enforcement,  retail electricity suppliers will surely fail to comply with the RPS. In this environment,  renewable energy developers will have little incentive to build renewable energy plants.  At best, the enforcement rules of a number of U.S. RPS policies are vague in their  application: these include those policies in Connecticut, Maine, and Massachusetts.”









Source: (Wiser and Langniss 2001)
China is similar to Thailand in the sense that it is a growing developing country economy with a low percentage of installed renewable energy capacity, with dominant formerly state-owned monopoly generators, and with a weak regulatory structure. While China initially pursued establishing an RPS, after considering the advantages and disadvantages the country chose a feed-in tariff mechanism instead.

International experience shows that a successful RPS requires an effective and empowered electricity regulatory body able to ensure that market transactions are fair, able to monitor compliance and levy fines against non-compliant utilities and generators (Rader and Hempling 2001). Thus far, Thailand lacks such a regulatory body with experience to handle this kind of program.

In practice, feed-in tariffs have been much more successful than RPS mechanisms in leading to substantial installations of renewable energy (Figure 16).
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Figure 16: Newly installed wind power capacity and market share in EU-15 of selected countries with minimum-price and quota (RPS) systems in 2003. Source: (Fouquet, Grotz et al. 2005)
In theory the main advantage of RPS legislation, compared with feed-in tariffs, is that in the short term the market for RECs can encourage competition among producers and therefore lower the price for renewable energy. In general, so far, this has not turned out to be the case. In the wind industry in Europe, for example, experience up until now indicates that investors are reluctant to invest in wind energy projects under quota systems because they produce more uncertainty regarding future prices. Under quota systems, medium- and long-term certificate and electricity prices are unstable, varying with the weather and changes in the market. As a result, financers charge higher risk surcharges, which, in turn, results in higher prices than under feed-in tariffs even in the short term (Figure 17) (Fouquet, Grotz et al. 2005). In the long run, analysts argue that feed-in tariffs are more effective in leading to lower renewable energy costs because the stability they provide leads to larger installed capacity of renewable energy which drives down cost through greater manufacturing experience (Mitchell, Bauknecht et al. 2003)
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Figure 17: Comparison of prices per kWh for wind energy in countries with feed-in vs. countries with quota systems. Feed-in tariffs, so far, have proven to provide lower prices even though countries with quota systems have better wind resources. Source: (Fouquet, Grotz et al. 2005)
Current Status in Thailand

There is currently no RPS in Thailand, but the DEDE has written a draft set of “RPS” regulations dated May 2005, and the RPS mechanism is highlighted in many government presentations. The regulations require that all new fossil fuel power plants procure renewable energy equal to 3% to 5% of their installed capacity (with the exact percentage to be specified by the recently selected “interim regulatory body”). Fossil fuel generators can build renewable energy on their own, or can purchase electricity directly from renewable energy generators, or can purchase renewable energy certificates (REC). The renewable energy generators can register their facility (what type of fuel, how many MW) and their annual production of kWh at the RE Generator Info Center which is to be set up in the office of the Interim Regulator. According to the draft regulations, this process is a separate, parallel process with the process of applying to be an SPP. Existing SPPs are not qualified to participate in the RPS. The RPS obligation only applies to new fossil-fuel capacity coming on line after year 2551 (2008).

In the Thai context, the main challenge with implementing an RPS is that RPS is a policy designed for a competitive “power pool” type electricity market. It has never been tried in a semi-regulated monopoly environment such as Thailand. In addition, there are important differences between the Thai RPS and international RPS mechanisms which are likely to make the Thai RPS less effective than its international counterparts in pushing down renewable energy costs. Most of these points were raised by EPPO in an August 2005 memo to the Ministry of Energy:

(1) The proposed Thai RPS has no mechanisms to control the cost of EGAT renewable energy projects. EGAT has recently been promised the right to develop 50% of new generating capacity for Thailand (Bangkok Post 2005). EGAT has an RPS obligation that accompanies the new fossil generation. To meet the RPS obligation it has the right to make its own renewable energy investments. This would not be a problem except that there is very little to constrain the costs of these investments, as EGAT is able to pass all of its costs on to consumers through its “cost-plus” structure (in which tariffs are set at a level that provides sufficient revenues to meet EGAT’s debt-service requirements). To put it very bluntly, the RPS gives allows EGAT to avoid any competition in procuring renewable energy, with ratepayers forced to pick up the cost even if costs are unreasonably high.

There is reason to be concerned: EGAT’s largest renewable energy project to date is the 504 kWp solar PV plant in Mae Hong Song, which was quite expensive by Thai and international standards. The plant cost 195.26 million baht (Mogg 2003). This means that the cost per installed peak watt was 387 baht. By comparison, the privately-financed 450 kWp Tesco Lotus solar PV installation cost only 75 million baht for essentially the same grid-connected PV technology (Tesco Lotus 2004). Cost per peak watt of the TESCO project was 163.4 baht – less than half as expensive as the EGAT project. Even Japan’s residential grid-interconnected rooftop systems (which do not benefit from economies of scale) cost less than US$7 (280 baht) per peak watt by year 2001 (Maycock 2002), and US$5.50 (220 baht) per peak watt (not including subsidy) by 2003 (Johnson 2004).

Considering EGAT’s lack of competition, and their past expensive experiences with PV in Mae Hong Song it is not clear that consumers can be confident that EGAT’s investments in RE are cost-competitive. It is less risky to subsidize RE in a more open, transparent mechanism like feed-in tariffs.


(2) Renewables tied to fossil fuel additions (“Too little too late”): Renewable energy added to the system under the Thai RPS plan would be tied to the construction of new fossil fuel plants coming online after year 2551 (2008). If the fossil fuel plant does not go forward as planned, then neither does the renewable energy project. This ties the development of clean energy to the development of dirty energy, unnecessarily adding risk to renewable energy projects and raising financing costs. In addition, large hydro plants would be exempted from procuring renewable energy under the RPS program. EGAT is considering including 5,400 MW of hydro from the Salween project as well as 4,000 MW of hydropower imports from Laos. In comparison, international RPS mechanisms apply to all conventional energy (new and old, fossil, large hydro, nuclear, etc.). By 2554 (2011), the total RE contribution from RPS (assuming everything goes smoothly as planned) will be less than 12% of the total RE electricity target (See Figure 18 below). The Thai RPS at best will procure only 0.7% of the total installed capacity. In comparison, California set the RPS target at 20% of total electricity kWh sales by years 2017. New Yorks’ RPS target is 25% of total electricity kWh sales by year 2013.
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Figure 18: The Government target is that 6% of electricity come from renewable energy. However, an RPS of 5% of new capacity (excluding new hydro imports) will lead to renewable electricity equal to 0.7% of total installed capacity. This is small compared to the government’s 6% target for electricity. 
(3) The Thai RPS defines the percentage of renewables in terms of capacity (MW), not energy output (MWh).  International experiences subsidizing capacity (MW) instead of energy output (MWh) have led to distorted incentives to inflate nameplate capacities – absorbing subsidies without actually producing promised electricity. The use of capacity rather than energy output in the Thai RPS also makes it difficult to compare across technologies, forcing the designers to come up with an arbitrary set of predefined “capacity factors” for each technology which will not necessarily reflect actual capacity factors. Furthermore, because capacity factors for renewable energy are low (10% to 60% depending on technology and fuel supply availability) compared with conventional generation (typically 60% to 85%), counting capacity rather than energy produced dilutes the impact of the RPS – by a factor of 2 to 3 times.
It may ultimately be possible to resolve these challenges. But considering the small planned role of the RPS (only 10% of the electricity component of Thailand’s renewable energy targets), it may be wisest to minimize confusion, abandon the RPS, and turn limited Ministry of Energy resources towards implementing an effective, successful feed-in tariffs program.
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�	 It is also noteworthy that the 2200 MW installed renewable energy “target” may or may not provide sufficient renewable energy to meet the 11600 GWh per year renewable electricity objective. The Ministry of Energy’s 2200 MW figure implies a capacity factor of over 60% for renewable energy. Different renewable energy sources have different capacity factors. Wind power in Thailand is estimated at around 15%, whereas some biomass condensing turbine installations may be as high as 85%. Depending on the Thailand’s future mix of renewable energy sources, the actual installed MW may have to be higher or lower to meet the 11600 GWh per year target. Considering that much of Thailand’s future renewable energy will probably come from biomass operated in a combined heat and power (CHP) plant, and that CHP typically operates at lower than 60% capacity factor (Black and Veach, 1998 estimates bagasse cogeneration at 29% capacity factor), the 60% assumption by the Ministry may be too high.





�	In general, feed-in tariffs are not funded by taxpayers because these government (taxpayer) funds are more likely to be limited by budget constraints / competing budget allocations.


�	With average full load hours of 1,600 to 1,800 h/a compared to 2,500 – 3,000 h/a in windy countries.


�	Some 1,800 MW have been added in 2005.


�	2005 has been another year with wind speeds well below the long-term average.  For a “normal” year wind power would have accounted for 33.8 GWh or about 6.7% of total electricity generation.


�	Since there is still no national statistic in place for PV installations, a dispute is going on about the actual total capacity.  Official figure for the end of 2004 is 858 MW.  It is estimated that more than 600 MW have been installed in the course of 2005.


�	Initially this programme targeted only 100 MW and was extended after the reunification.  In effect some 350 MW were realized under this programme.


�	In the meantime prices increased again to former levels.


�	An English translation of this law as of 21 July 2004 is available at: http://www.erneuerbare-energien.de/inhalt/6465/36356/


�	Payment for systems commissioned in 2006 and valid throughout the established period.  To convert €/MWh to €-cents/kWh, divide by 10.


�	You may find an English translation of the Biomass Ordinance and further information on the website http://www.erneuerbare-energien.de/inhalt/36356/


�	The 100,000 roofs PV program was initiated in early 1999 providing low-interest credits (in the beginning 0% interest rate) for PV-systems purchased by private persons or small and medium-sized enterprises.  The program terminated in 2003 with about 350 MW total capacity installed.


�	These are discussed in the IEA Global Renewable Energy Policies and Measures Database available at: http://www.iea.org/textbase/pamsdb/grcountry.aspx?country=Germany


�	Normally about 20-25% as equity with the rest financed by banks as debts (10 year credits with fixed interest rates).


�	i.e. The tariff is paid according to the capacity ranges for every individual plant.  For example, for a 50 kW PV plant, the total energy yield is split into a capacity share for up to 30 kW and into a capacity share exceeding 30 kW.  The final feed-in tariff will therefore be a calculated mix between the two tariffs in the list.


� The consultants would like to thank Mr. Nagendran at the World Bank in Sri Lanka for telephone and email exchanges. Much of this section is based verbatim on Mr. Nagendran’s emails. 


�	Further details and an English translation have not yet been available at the time of writing.


�	For a detailed view on the wind concession model after the first two tenders see: Joanna I. Lewis (Energy and Resource Group, University of California, Berkeley), Conceding Too much? Conflicts between the Government and Developers in Promoting the China „Wind Concession“ Project Model, presentation at the World Renewable Energy Congress VII in 2004.


�	Only one project has been awarded to a private company.


�	Law 10.438 of 26 April 2002, partially amended by Law 10.762 of 11.11.2003.  For implementation see Decree 5.025 of 30.3.2004.


�	Concessionaires are the licensed electricity generation and distribution companies, mainly operating within the different federal states of Brazil.


�	The original deadline of end of 2006 was extended in September 2005.


�	Eletrobrás is operator of some large-scale hydroelectric plants, the nuclear plants, transmission lines and is owner of some regional utilities.  Eletrobrás is responsible for implementing the PROINFA program and of other programs/activities of common interest on behalf of the Government.


�	Please note that the Brazilian currency is considered to be over-valued and that rates expressed in Euro at the time of writing do not necessarily reflect the true value relation.


�	These limits can however be shifted or exceeded if the quota is not exhausted in individual federal states.


�	The term “independent autonomous producer” refers to a company that is not controlled by any utility or has any other link to electricity generation, transmission or distribution companies.  Such producers can be e.g. communities that operate a small hydro power plant or sugar mills operating a co-generation plant on bagasse.


� RETEAS: Renewable Energy Technology Economic Assessment Spreadsheet; RED Model: Renewable Energy Development Model


� It is not clear how to reconcile the stated 5,989 GWh/yr target with the 1000 kTOE per year (11,600 GWh/yr) renewable electricity target discussed on page 2 of this paper. 


� � HYPERLINK "http://www.smud.org/green/solar/" ��http://www.smud.org/green/solar/�


� � HYPERLINK "http://www.californiasolarcenter.org/incentives.html" ��http://www.californiasolarcenter.org/incentives.html�


� Assuming an average 1800-solar hour/year site (common for California) and a 20-year equipment life. http://www.documents.dgs.ca.gov/CPA/SolRFP/COGeditorial_061804_final.pdf.


� Solar electricity industry lobbyists in Thailand push for high solar tariffs by arguing that doing so will allow Thailand to develop technical capacity to become a world leader, which will ultimately bring the costs down. This argument ignores the fact that solar cell prices in Thailand are largely determined by international prices, which capacity-building in Thailand will do little to change. Also, the capacity-building argument applies just as much, if not more so, to other renewable energy technologies: wind, micro-hydro, biomass & biogas. Whereas solar electricity builds on semi-conductor manufacturing expertise, which is not strong in Thailand; other renewables industries (wind, biomass, biogas, micro-hydro) build on metal, fiberglass, and other mechanical fabrication techniques that are relatively strong in Thailand. Thailand is more likely to achieve success in the global marketplace if it builds on industries in which it already has a strategic advantage.


� For list of plants, generation capacities, and contracted sales to EGAT see � HYPERLINK "http://www.eppo.go.th/power/pw-spp-name-status.xls" ��http://www.eppo.go.th/power/pw-spp-name-status.xls�


� Generators in the VSPP program can be larger than 1 MW, but the maximum amount of power they can export to the grid is 1 MW.


� � HYPERLINK "http://www.eppo.go.th/power/data/data-website.xls" ��http://www.eppo.go.th/power/data/data-website.xls�


� $350 million would cover about 7 months of a two baht/kWh feed-in tariff premium at renewable energy production of 11600 GWh/yr.


�  This step makes the assumption that new (marginal) power plants will tend to reproduce the fuel mix, i.e. that new plants will mostly be gas, with some coal and hydro.


� http://www.externe.info/applications.html


� http://www.dps.state.ny.us/03e0188.htm
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