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1 Introduction
This research component seeks to understand the barriers that shape and limit the deployment of renewable energy in Mae Hong Song relative to its technical and economic potential. (Contract 3 explores the technical and economic potential in detail.)

Teasing out these barriers is complicated by a variety of factors. Renewable energy technologies operate at a variety of scales – from household solar electric systems, to community-scale hydropower plants, to factory-size biomass plants. They are deployed under a variety of arrangements, from government hand-out programs, to community cooperatives, to commercial for-profit ventures. They are financed and built by diverse actors including NGOs, government, and private sector actors (in turn ranging from small family businesses to large corporations). These entities differ vastly in their access to engineering, financial and political resources.

Characteristics of the renewable energy resource utilized add other dimensions of barriers. Some renewable energy technologies require natural resources that have contentious ownership and use-rights issues – particularly biomass and water resources. Others have challenges associated with high cost of resource collection and transportation. Capital costs of renewable energy technologies vary tremendously in cost, maintenance requirements, and in economies of scale. Local markets for the renewable energy services depend strongly on availability of national grid power or petroleum (the more expensive the petroleum, the more viable the renewable energy alternative), and on subsidy support programmes of various kinds. 

Barriers facing renewable energy thus depend on who the actors are, what technologies they are using, at what scale, where, and why.
The diversity of these factors requires consideration of opportunities and barriers for each technology separately, in its specific context – with an understanding of how the current situation has been shaped by past programs, decisions and events.
Section 2 provides a brief description of the energy situation in Mae Hong Song. Section 3 discusses key renewable energy policies and programs in Thailand that give rise to important financial opportunities for renewable energy in Thailand. Sections 4 is a condensed overview of the barriers in the form of a matrix, followed by a narrative discussion of the capacity of individuals, governments, and businesses to plan, implement, operate, repair, and adapt renewable energy technologies. Sections 5 through 8 discuss the history, existing status, opportunities, and barriers on a technology-by-technology basis. Section 9 provides a summary overview of key promising options and actions to reduce barriers.
1.1  Renewable energy resources Technologies covered
Renewable energy resources of relevance to Mae Hong Song include:
· Biomass (biogas, biogassification, direct combustion)

· Solar
· Small- and Micro-hydropower

· Windpower

These renewable energy resources, in turn, can be used to provide a wide range of energy services:

· Electricity (on grid)

· Electricity (off-grid)

· Mechanical power

· Water pumping

· Transportation

· Cooking and heating

Together, these result in a large number of likely permutations, shown in the fuels and end uses matrix (Table 1) below. Due to the limitations of time, this study adopts a primary emphasis on electrical renewables – shown as shaded cells in the matrix. 
	 
	 
	Electricity
	Mech power / pumping
	Water heating
	Cooking
	Transportation

	Fuel
	Technology
	Off-grid
	On-grid
	
	
	
	

	Biomass
	Gasifier
	●
	●
	●
	 
	 ●
	 

	
	Biogas
	●
	●
	●
	 
	●
	 ●

	
	Steam turbine
	 
	●
	 
	 
	 
	 

	
	Direct combustion
	 
	 
	 
	●
	●
	 

	
	Biodiesel or ethanol
	●
	 
	●
	 
	 
	●

	Hydro
	 
	●
	●
	●
	 
	 
	 

	Solar
	 
	●
	●
	 
	●
	 ●
	 

	Wind
	 
	●
	●
	●
	 
	 
	 


Table 1: Fuels and end uses matrix. Cells with dots indicate technology/end-use applications of relevance to Mae Hong Song. Shaded cells are those evaluated in this study.
2 Conditions in Mae Hong Song that shape opportunities and barriers to renewable energy

2.1 Existing grid and electrical generation
Mae Hong song is currently served by a 22 kV PEA-owned distribution line that extends to Mae Hong Song via Pai from Mae Dtaeng in Chiang Mai province (see map Figure 1). This line is insufficient to meet Mae Hong Song province’s electricity demand. To make up the remainder, Mae Hong Song has a diesel, hydropower, and solar electricity generation as shown below in Figure 1. A 115 kV line is currently under construction by PEA and is expected to be completed by the year 2009 (Interview 2007.1).
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Figure 1: Map of northern Mae Hong Song showing existing electrical distribution grid. Source: PEA. 
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Figure 2: Map of southern Mae Hong Song showing existing electric grid. Source: PEA. 
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Sources Agency |Capacity (KW)
Rainy season Dry Season
1. Mae Sariang Diesel Power Generator PEA 2 x 1,000 1,600 1,600
2.Series 1 Mae Hong Son Diesel Power | EGAT 3x 1,000 3,000 3,000
Generator
Series 2 Mae Hong Son Diesel EGAT 3x 800 2,400 2,400
Power Generator
3.Mae Pai Hydro Power Generator PEA 2x 1,000 1,800 250
4.Mae Sa-nga Hydro Power Generator DEDE 2x2,500 4,700 1,500
5.Pha Bong Hydro Power Generator DEDE 1x 850 600 250
6. Mae Sariang Hydro Power Generator DEDE 2x625 1,000 500
7.Pah Pae Hydro Power Generator DEDE 10 NA NA
8. Huay Hom Hydro Power Generator DEDE 40 NA NA
9. Mae Tho Hydro Power Generator DEDE 40 NA NA
10. Na Poo Pom Hydro Power Generator| DEDE 20 NA NA
11. Pha Bong Solar Power Generator EGAT 1x 500 300 300

Sources: Presentation on the progress of the study of Mae Hong Son Hydro Power Generator Project, 2006





Table 2: Grid-connected electrical generation in Mae Hong Song. Source: “Presentation on the progress of the study of Mae Hong Son Hydro Power Generator Project”, 2006

3 Key renewable energy policies and programs in Thailand
Opportunities for renewable energy producing electricity in Mae Hong Song are strongly shaped by key national-level renewable energy policies and programs. These include policies and regulations that facilitate interconnection of renewable energy to the grid (SPP and VSPP policies) and provide subsidies. These also include government programs that install solar electric and micro-hydropower in remote villages. 
3.1 Small Power Producer (SPP) program
Thailand’s Small Power Producer (SPP) laws were passed in 1992, allowing grid-interconnection and sale of electricity by private sector renewable energy or clean combined heat and power (CHP) installations up to 90 MW per facility. 
In 2001 the government further encouraged renewable energy by offering a bidding program that provided subsidies to biomass generators. Candidate renewable SPPs were invited to submit bids for the amount of subsidy that they would be willing to accept. Bids were sorted lowest-to-highest and lowest bids were accepted. The program was capped at 300 MW. A significant minority of renewable energy SPPs received a subsidy from the Thai Government Energy Conservation (Encon) Fund averaging 0.17 baht per kWh sold to EGAT for the first 5 years of operation based on a single round of a bidding program evaluated in 2002. Because bids were only solicited once, prior to the bid evaluation in 2002, all projects after this cutoff date have not been eligible for the subsidy. Sixteen currently operational SPPs were awarded subsidy.
On 9 April, 2007 the National Energy Policy Council (NEPC) issued a new SPP regulation that called for a new SPP subsidy program. Subsidies shown below in Table 3 are in addition to wholesale and “Ft” tariffs – around 2.65 baht/kWh (Narupat 2007).
Experience from capped programs in Thailand and other countries indicates that the cap (100 MW for MSW, 115 MW for wind, 15 MW for solar, 300 MW for biomass) will likely present a barrier at some point. As the total number of applicants approaches each particular cap, the risk that the project is unable to qualify to receive the subsidy becomes high, raising costs (Mitchell, Bauknecht et al. 2003). We recommend that this cap be removed.
Table 3: Subsidy arrangement for SPP announced 9 April, 2007. 
	Fuel type
	Adder (baht/kWh)
	Purchase capacity cap (MW)

	MSW
	2.5 (fixed)
	100

	Wind
	2.5 (fixed)
	115

	Solar
	8.0 (fixed)
	15

	Other RE
	0.30 (bidding ceiling)
	300

	
	Total
	530


As of May 2007, more than 1.16 gigawatt (GW) of installed renewable energy capacity was built under the SPP program
, and a further 370MW was awaiting approval. This is significant, considering that Thailand’s total peak load in 2006 was just over 21GW. Renewable energy projects developed under the SPP programme so far have been exclusively biomass fuelled, with the majority (34 out of 66 projects) using bagasse from sugar mills (EPPO, 2007).
3.2 Very Small Power Producer (VSPP) program
In May 2002, Thailand was the first developing country to adopt net metering regulations (known in Thailand as the Very Small Power Producer (VSPP) program) that facilitate interconnection of renewable energy generators under 1MW in size. Under these regulations, generators can offset their own consumption at retail rates. If net surplus of electricity is generated, the VSPP regulations stipulate that Thai distribution utilities – Metropolitan Electricity Authority (MEA) in Bangkok and Provincial Electricity Authority (PEA) in the rest of the country – must purchase this electricity at the same tariff as they purchase electricity from EGAT. This is typically about 80% of the retail rate. An important feature of the tariff structure is that there is no firm versus non-firm distinction as for the SPP programme. Instead, generators receive higher tariffs during peak times. 

The rate is adjusted every three months in response to changes in natural gas prices. In March 2007, VSPP plants received 3.7 baht (US cents 10.6) per kWh during for on-peak hours (weekdays 9 am to 10 pm) and about 1.85 baht (US cents 5.3) per kWh for off-peak hours (weekends, holidays and night time).

As of March 2007 (just over four years), 98 generators had received notification of acceptance under the “1 MW  VSPP regulations”, with a total of 17.8 MW generating capacity. Compared with SPP generators, the VSPP programme involves a much wider range of fuels from solar photovoltaic (PV) (66 installations) through biogas (16 installations) to various types of biomass (total of 15 installations). 
In December 2006, VSPP regulations were further expanded to provide similar terms for renewable energy projects up to 10MW per installation, as well as an additional “feed-in tariff” adder (Table 4). The feed-in adder, which depends on the type of renewable energy, is additional to rates previously paid to VSPP generators and will be paid for the first seven years after each generator’s commissioning date for all projects submitted before December 2008.
 As of April 2007, 43 projects with installed generating capacity of 364 MW have submitted applications for the “10 MW VSPP regulations” (PEA 2007).
Table 4. Subsidy addition for renewable VSPP
	Fuel
	Renewable energy adder (Baht/kWh)

	Biomass & biogas
	0.3

	Hydropower <50 kW
	0.8

	Hydropower >50 kW but <200 kW
	0.4

	Wind and municipal waste
	2.5

	Solar
	8


A NEPC resolution on 4 June 2007 provided an additional incentive of 1.5 baht/kWh (wind & solar) or 1.0 baht/kWh (other renewables) for projects located in the three southern provinces (Pattani, Yala, Narathiwat) in an effort to stimulate investment in the region which has suffered in the past few years from considerable violence.
3.3 Programs to install renewable solar and micro-hydropower in villages 
In addition to policies to encourage private-sector implementation of electric renewables, the Thai government has for over two decades played an active role in installing solar electric and micro/small hydropower systems in remote communities in Thailand, shown below in Table 5:

Table 5: Thai government programs to install solar and micro/small hydropower
	Program
	Capacity per system (kW)
	Renewable energy technology
	Agency(ies)
	Year initiated
	Number of systems

	Solar Home System (SHS)
	0.12
	Solar PV
	Provincial Electricity Authority (PEA)
	2003
	230,000

	Solar Battery Charging Stations (SBCS)
	0.6 to 0.9
	Solar PV
	Department of Public Works (DPW) and the Department of Alternative Energy and Energy Efficiency (DEDE)
	1990s
	1,660

	Micro-hydropower
	10 to 40
	Pelton or crossflow micro-hydropower
	DEDE
	Early 1980s
	>60

	Small hydropower (grid-connected)
	100 to 2000
	Pelton or francis hydropower
	DEDE
	Early 1980s
	


The status of these programs are discussed in sections 5-8 on specific technologies below. In addition to the program presented in the table above and discussed in sections 5-8 below, the Thai government also installed 950 kWp of solar pumping systems in Northern and North-Eastern Thailand (Wongsapai, 2004).  

4 Overview of Barriers

Sustainable deployment of renewable energy in Mae Hong Song is constrained by a variety of factors which can be grouped into four categories: (1) technical or environmental barriers; (2) social or economic barriers; (3) barriers related to the policy/legal framework; and finally, (4) organizational barriers.

The matrix below summarizes key barriers, with examples that are specific to particular technologies. In sections 5 to 8 opportunities and barriers are discussed in more technology-specific detail.

Table 6: Matrix of (1) technical or environmental barriers; (2) social or economic barriers; (3) barriers related to the policy/legal framework; and (4) organizational barriers. to renewable energy development in Mae Hong Song.
	Barrier
	Solar electricity
	Micro-hydro
	Biomass/ Waste
	Wind

	Technical/environmental
	

	Limitations of renewable energy resource
	Clouds / smoke / fog
	Insufficient water (especially in dry season)
	Available resources may be in restricted areas or hard to collect and sustainable supply may be an issue. Detailed assessment of biomass resources not available
	Windspeeds not well characterized. Believed to be low.

	Technology available in Thailand has quality control or durability challenges. 
	SHS: Inverters & ballasts have high failure rates
SBCS:  Bypass diodes should have been removed
	Automatic voltage regulator (AVR) failure common. Compounded by collective overconsumption.
	Biomass gasification – issues with tar buildup.

Biogas -- Sulfur dioxide can lead to engine corrosion

Different technologies needed for different kinds of biomass. Not all the technologies are available or have been tested in Thailand
	

	Lack of awareness of appropriate technology for economic/social context 
	
	Many villages with potential micro-hydropower resources are unaware of power potential
	Biomass not recognized by many as a potential fuel for power generation
	

	Lack of proven cases
	Few long-term successes, lots of failed systems in remote areas
	No single project developed by private sector in Thailand. Many failed government projects
	No/few projects in Mae Hong Song
	No projects in Mae Hong Song. Very limited experience in Thailand.

	Lack of commercialization (not readily sold)
	Limited availability  <10 companies nationwide. Lack of focus on satisfying small customers
	Micro-hydro equipment sold by only 1-2 companies nationwide
	Limited availability of equipment (especially at small scales < 200 kW) and for different types of biomass
	Limited availability/high prices

	Lack of awareness about correct operations & maintenance procedures
	Little or no training accompanied installation. Equipment failures associated with inadequate maintenance: distilled needed water for batteries; shading
	Equipment failures associated with inadequate maintenance  
	Capacity to properly operate and maintain biomass power plants doe not exist yet in Mae Hong Son. Waste: Trash separation is required for sustainable operation. Maintenance issues related to tars (biogasifiers) or desulfurization (biogas)


	

	Lack of local competent human resources to design/build/install/repair
	No renewable energy companies in MHS. No knowledge or expertise center easily acccessible

	Social/economic/financial
	

	Contested resource
	
	Competing water claims
	Competing claims to biomass (fodder, fuel, etc.)
	

	High equipment/installation/ operational costs
	High equipment costs
	High equipment costs
	High equipment costs for small systems.  Fuel (or collection) costs can also be high.
	High equipment costs

	Financial incentives (VSPP tariffs, adder, etc.) provided to RE often insufficient to motivate investment
	Production subsidy 8 baht/kWh not commercially attractive given high upfront costs 
	Production subsidy 0.4 to 0.8 baht/kWh may or may not be attractive; DEDE’s investment support is limited by budget
	Production subsidy 0.3 baht/kWh may or may not be attractive. 2.5 baht/kWh for MSW.
	Production subsidy 2.5 baht/kWh may or may not be attractive

	High transaction costs for small systems
	yes
	Yes
	yes
	yes

	Lack of access to favourable financing
	yes
	Yes
	yes
	yes

	High import tax on equipment
	30% tax but refundable (in theory) 

	Low purchasing power/income/ability to pay 
	Small scale technologies too expensive for poor communities 

	Lack of awareness/understanding 
	yes
	Yes
	yes
	yes

	Lack of opportunity for capacity training
	yes
	Yes
	yes
	yes

	Policy/regulatory/legal
	

	Lack of household registration
	Households (offgrid) without registration not eligible for SHS
	Refugee camps not eligible for DEDE micro-hydro support.
	
	

	Lack of legal rights to resources

Political power hoarding
	
	Existing forestry regulations restrict use of water without approval
	Existing forestry regulations restrict use of forest products without approval. Agro residue belongs to agro-processing industries (e.g. rice mills), No benefits for the farmers. 
	

	Red tape / bureaucratic mindset
	yes
	Yes
	yes
	yes

	Difficulties or delays in getting reimbursement for import tax on RE equipment
	Exempt, but in practice “pay upfront and reclaim later”. “Reclaiming later” is uncertain & difficult 

	Onerous requirements to be VSPP / SPP generator
	VSPP & SPP projects need to obtain a variety of legal and regulatory approvals, from local authorities to environmental authorities, licensors and regulators. These present a considerable hurdle to project developers and are costly in terms of time and money. Efficient procedures and effective guidance for approvals must be developed to promote RE power projects;

	Metering arrangements mean that subsidies only apply to renewable energy production in excess of customer consumption
	Thai utilities typically arrange meters so that self-consumption (consumption of electricity on the customer premises) is subtracted from electricity generated by the renewable energy generator before the electricity goes through the meter that is used to calculate cumulative subsidies. In contrast, in Germany, Spain, and other countries with feed-in tariff policies, the renewable energy generator (turbine, solar panel, etc.) is metered separately so that all electricity produced by the renewable energy generator receives a subsidy and electricity consumed on the customer premises is purchased separately. 

	Tariff structural bias towards fossil-fuel generation
	FT charge lowers risk for fossil-fuelled generators by passing fuel price volatility to consumers, no IRP, high discount rate in planning discounts future payment streams making choices with low upfront costs appear attractive.

	PEA’s monopoly status reduces opportunities for cost-effective options. 
	For example, PEA invests in expensive 115 kV transmission line now under construction – and passes all costs to consumers. Investing in distributed renewable energy & DSM to accomplish the same task may well be cheaper if done right. The transmission line depletes financial resources that could be used for distributed generation / renewable energy solution.

	Technology users not aware of warranty rights
	Especially problem for SHS
	
	
	

	Lack of standards for renewable energy equipment and systems;
	
	
	
	

	Organizational
	

	Lack of coordination among government organisations/ministries 
	Especially true for biomass technologies for which ministries of agriculture, industry, finance, environment and energy are involved.

	Manufacturer Association of RE technologies does not exist
	

	Lack of continuity of people in government
	 New arrivals change policies / practices

	Differing local vs. national priorities
	Climate change mitigation does not matter much to local communities, but does to governments

	Lack of tradition of cooperatively-owned renewable energy systems
	Cooperative ownership has been key in development of wind power in particular in Europe.


Capacity barriers

In Table 6, key barriers are related to limitations in the capacity of individuals, companies, and organizations to plan, implement, operate, maintain and adapt renewable energy in Mae Hong Song. This capacity issue is discussed in greater detail below.
Limited capacity of renewable energy private industry, especially in rural areas; excessive focus on government contracts

For potential renewable energy customers in Mae Hong Song a key barrier is that the industry is at early stages of development. Few companies sell renewable energy equipment, and no renewable energy installation companies have opened a franchise in Mae Hong Song.

Nationwide, renewable energy companies advertise very little in newspapers, magazines, or broadcast media, and so far there are few channels for consumers to learn about renewable energy options.
Especially in the case of the Thai solar electric industry and the micro-hydro industry, companies have not had a strong retail customer orientation. In the past, Thai solar electric companies’ and micro-hydro equipment manufacturer’s main customer was the government through off-grid hand-out programs.  

One individual interviewed in the course of this research described her experience approaching a Thai solar electric company to purchase solar panels several years ago, “When I bought PV panels for first time I had to contact the company directly, but they weren't very helpful or willing to sell. One requested me to write a letter explaining why I want to use the solar panel. These companies are super paranoid. They just don't want to bother with customers." (Interview 2007.8)
This experience is an extreme example, and the customer-orientation of businesses has undoubtedly improved. But from discussions with practitioners who rely on Thai companies for renewable energy products, it still appears that Thai solar electric and micro-hydro companies are slow to reach out to individual consumers. Storefronts are difficult to find or non-existent. Frequently all that the company has is an office and a storeroom. For small customers, prices vary significantly for the same product among different companies, indicating lack of price competition. Many locally manufactured components lack international standards, and quality is uncertain or questionable.
Limited capacity of government to identify and support renewable energy

While Changwat (provincial), amphur (district) and tambol (county) governments have a valuable knowledge concerning energy needs and available renewable energy resources, they lack knowledge about how to survey and quantify these resource potentials, and also lack familiarity with renewable energy technologies to identify applications that make sense so that these can be included into plans and programs. In the case of existing renewable energy installations (solar home systems, solar battery charging stations, micro-hydropower) government officials also lack knowledge to help locals to effectively operate, maintain and repair installations, or adapt them to changing situations.

Limited educational opportunities in renewable energy 

In Thailand there are few options for students and technicians who wish to gain technical skills in renewable energy. Existing academic programs include the School of Renewable Energy Technology (SERT) at Naresuan University provides MS and Ph.D. for Thai and international students. The universities comprising the Joint Graduate School on Energy and Environment (JGSEE) also provides graduate degrees and includes research groups on a biodiesel, biomass energy, and micro-hydropower.
There is no program oriented for technician practitioner certification. There are also few opportunities for undergraduate education. There are also no Thai technical journals for practitioners that focus specifically on renewable energy.
5 Barriers to Solar Electricity in Mae Hong Song
Solar electricity comprises two different sets of technologies of possible relevance to Mae Hong Song. Photovoltaics (PV) are solid-state semiconductor devices that convert sunlight directly to electricity. Solar thermal electricity involves using concentrated sunlight to produce steam and using the subsequent mechanical energy to create electricity in a heat engine. In the USA solar thermal electricity is being deployed at substantial levels – for example a 500 MW solar thermal project is under construction contracted to produce power at less than US 11.3 cents/kWh (Port 2005). In Thailand, solar thermal electricity exists only at a research/demonstration scale. Because solar thermal requires a high portion of direct sunlight, it is likely to be introduced first in Thailand in drier areas such as Northeast Thailand that have a higher portion of direct sunlight and less diffuse sunlight. PV is much more common, and – as discussed below -- is already deployed in limited amounts in grid-connected and remote off-grid applications in Mae Hong Song.
Arguably the biggest barrier to widespread dissemination of solar electricity worldwide is the high capital cost of the technology.  Solar PV panels sell (in Thailand and much of the developed world) at US$3,000 to $5,000 per kW (105,000 baht to 175,000 baht per kW) -- several times the cost of competing fossil fuel generators. The levelized cost of electricity produced from PV in Thailand is estimated between 9 to 15 baht/kWh (US cents 26 to 43 per kWh), compared to average retail grid electricity rates of 2.5 baht/kWh (US cents 7.1/kWh). 
In the short term, costs have been driven up by supply constraints for hyper-pure silicon required in manufacture of most solar PV cells. The PV industry long used rejected hyper-pure silicon from the computer industry, but recently exceptionally high growth in the solar electric industy (55% in 2005) (Martinot 2006) has led to shortages in purified silicon feedstock. In the long term, solar PV costs are coming down – some claim dramatically lower future prices
 -- because new sources of silicon are coming on-line, because new solar PV factories are coming online, and because new types of solar cells require far less feedstock than before. 

The high cost of solar electricity generation in general means that PV is deployed (a) where it enjoys sufficient subsidies; or (b) where grid power is not available and other options are even more costly. Solar electricity is often competitive where electricity is needed in relatively small amounts in remote locations. 

Mae Hong Song in particular has less than ideal conditions for solar electricity. The province is known colloquially as the “land of three clouds” because it has smoke during the dry season, fog during the cold season, and clouds during the rainy season. A map of solar insolation compiled by the DEDE indicates Mae Hong Song has a seasonal average of 16 to 19 MJ/m2-day (Figure 3). By comparison, the sunniest spots in north America where solar electricity is implemented on wide scale have 25 MJ/m2-day.
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Figure 3: Map of solar insolation in Thailand. Source: http://www2.dede.go.th/dede/renew/sola/fullmapyear.html
Solar electricity is deployed in Mae Hong Song in both grid-connected and off-grid applications. Because of the significantly different types of barriers and opportunities, it is useful to discuss each separately.

5.1 Grid-connected solar electricity: Existing installations

Mae Hong Song has Thailand’s largest grid-connected solar electric installation. The 500 kWp Pha Bong plant was installed in 2003 by EGAT at a cost of 3.6 million Euros (195.17 million baht). Of this cost, 168.47 million baht was provided as a grant from EPPO’s ENCON fund, while 26.70 million was provided by EGAT (Mogg 2003).
  An electrical engineer with experience in the area said that the 500 kWp Pha Bong system never actually produces more than about 300 kW (Interview 2007.5).
We were unable to find any other grid-connected solar electric systems in Mae Hong Song.

5.1.1 Grid-connected solar electricity: Key opportunities

From the prospective of a potential project developer, the key opportunities for grid-connected solar stem from the VSPP program, the SPP program and the attractive 8 baht/kwh feed-in “adder” offered to solar electricity for the first seven years under each program. This 8 baht/kWh adder is paid in addition to daytime time of use (TOU) wholesale tariffs – about 3.6 baht/kWh during weekday daytime hours, and about 1.9 baht/kWh during weekends and holidays.
Grid-connected solar provides electricity during sunny daytime hours. At a national scale, this is useful because Thailand’s peak electricity demand is driven by air-conditioning load which also occurs during sunny daylight hours. At the regional scale, however, solar’s day-time peak is somewhat less useful because Mae Hong Song’s peak load occurs during the evening. From the project developer’s perspective, this is not a significant issue because, as discussed above, tariffs are based on national TOU rates – that is, producers are rewarded more for producing during daytime.
The tariffs rates appear attractive enough that several large-scale (>1 MWp) solar electric installations have applied to join the new 10 MW VSPP program (Table 7 below).  It remains unclear whether these projects will actually be built, but it is encouraging that three companies (including the largest one in neighboring Tak province) have made the effort to apply to the VSPP program.
Table 7: Solar electric projects larger than 1 MW that have submitted applications to VSPP.
	Project name
	Location
	Capacity (MWp)

	JSX Energy
	Tak Province
	5.0

	Solarfarm
	unknown
	1.1

	Bangkok Solar
	Chonburi Province
	1.1


5.1.2 Grid-connected solar electricity: Key Barriers
A cost analysis by an executive at a key solar electric turn-key installer in Bangkok found that the “7 year subsidy period at 8 baht/kWh” allows about 43% of the system cost of 660,000 baht to be repaid for a typical 3 kW rooftop solar electric system. After the subsidy expires, the remaining 57% of the system cost requires an additional 26.8 years (assuming electricity tariffs do not escalate beyond 3 baht/kWh) leading to a total payback period of 33.8 years (Interview 2006.1). This analysis suggests that subsidized tariffs are insufficient for small-scale grid-connected solar electric to be cost effective.

Actually, payback periods will be even longer in practice because Thai utilities typically arrange meters so that self-consumption (consumption of electricity on the customer premises) is subtracted from electricity generated by the renewable energy generator before the electricity goes through the meter that is used to calculate cumulative subsidies. This lowers the financial value of solar electricity from approximately 11 baht/kWh to only around 3.5 baht/kwh because in a typical rooftop residential or commercial solar electric installation the electricity production of the solar array may be only a fraction of the electricity consumption on the premises. This issue is still under discussion between renewable energy companies, utilities, and the government.

Not surprisingly, most of the existing grid-connected solar electric installations are for residences or “eco-friendly” companies or academic institutions for whom the non-financial benefits (environmental motivation) of having a solar electric system outweighs the unfavourable finances (EPPO 2007).

For the three large systems that have applied under the 10 MW VSPP program, however, the economics may be somewhat different. In these installations, self-consumption will be low relative to export amounts. Economies of scale may well reduce installed system cost sufficiently that payback is achieved within the 7-year window of the subsidy program. Although actual costs are not public information, it is hard to image that companies would make multi-million dollar investments and expect to lose money. One of the companies, Bangkok Solar, actually manufactures solar panels, which explains their potential to procure sufficiently low-cost solar panels. It is important to recognize that none of these projects have actually been built – they are still in the permissions and planning stage, and may yet not go forward.
For potential solar customers in Mae Hong Song a key barrier is that few companies sell grid-connected solar electric systems, and no solar electric companies have opened a franchise in Mae Hong Song. Indeed, Thai solar electric companies have not had a strong retail customer orientation. In the past, Thai solar electric companies’ main customer was the government through various off-grid hand-out programs described below. 
Solar thermal electricity has the additional barrier that it has never been implemented in Thailand. While challenges in sourcing and servicing equipment are high for solar photovoltaics, they are even higher for solar thermal electricity because there are no domestic commercial sources for this technology.
5.2 Stand-alone solar electricity: Existing installations
At the current time, stand-alone solar electricity applications are generally economically viable only where small amounts of electricity are required and/or grid extension is particularly costly. In Thailand stand-alone solar electric systems of various kinds have been deployed in hundreds of villages including many in Mae Hong Song province as part of a nation-wide 100% subsidized program. These installations provide valuable services for remote, generally subsistence farming ethnic minority communities.
5.2.1 Solar home systems

Some 14,782 solar home systems have been installed in Mae Hong Song under the Solar Home System program initiated by the Thaksin government. Also known in Thai language as the “Krong Gan Fai Fa Euah Athorn” or “Electricity Handout Program”, the Thai Solar Home System program adds about 22.7 MW of solar electricity to the total installed solar capacity in Thailand, which stood at just 6 MW in 2003.  The program brings Thailand’s rural electrification rate
 to nearly 100%, and provides valuable electricity to Thai villages that do not have access to grid electricity. The program was implemented by the Provincial Electricity Authority (PEA) with actual installations carried out by solar electric companies that won bids for four concession areas. All households with Thai household registration were eligible to receive the 100% subsidized systems.
The systems comprise a 120 watt solar module, a 125-Ah 12-volt battery, and a combination inverter/charge controller (Figure 4). Maximum power output from the system is 150 watts.

[image: image5]
Figure 4: Solar home systems comprise a 120 watt solar module, a 125-Ah 12-volt battery, and a combination inverter/charge controller. The system shown is the type installed by Solartron Public Company Limited. Source: (Lynch, Greacen et al. 2006)
5.2.2 Solar Battery Charging Stations (SBCS)
Starting in the early 1990s, two separate Thai government agencies began deploying solar battery charging station (SBCS). By 2000 systems had been installed in about 1000 villages. Approximately 80 percent were installed by Department of Public Works (DPW). The remainder was implemented by the Department of Energy Development and Promotion (DEDP – now renamed DEDE).   
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Figure 5: One of five identical channels of a typical battery charging station installed by the Department of Public Works. Source: (Greacen and Green 2001).
5.2.3 Stand-alone solar electricity: key opportunities and barriers

The immediate – and substantial -- challenge with stand-alone solar electricity in Thailand is how to ensure that a significant number of existing installed systems remain operating. While it appears that the installations were quickly -- and in most cases, professionally -- done, considerable questions remain concerning the sustainability of these systems in light of several factors: virtually no local knowledge on system repair, lack of locally available replacement parts, and lack of information on the part of system users concerning the existence of the system’s warranty.

A June 2006 study conducted by the Border Green Energy Team NGO of the status of 405 Thai solar home systems in two districts in Tak province found that out of the 405 systems, 22.5% were broken within the first year. Most of the equipment failures were faulty inverter/charge-controllers and fluorescent light ballasts.

The status of solar battery charging stations is not well documented, but a survey of 31 systems conducted in 2000 found that 18 systems were disabled by burned-out bypass diodes (Greacen and Green 2001).

This situation creates a niche, so far essentially unfilled, for local repair and maintenance services. The BGET survey suggests, however, that users are unwilling to pay monthly fees that would be sufficient to cover the replacement equipment (batteries, controllers, ballasts, inverters) necessary to ensure sustained operation. The BGET survey asked about how much villagers can pay for per month. Of 154 respondents to this question, 52 said they could pay 10 baht, 100 reported they could pay 20 baht, and 2 people can pay 30 baht. None reported higher monthly amounts than this. 


In contrast, taking into consideration the expected lifetime and costs of different components, the estimated monthly cost of equipment depreciation is 130 baht to 300 baht per month (Figure 6). Socio-economic conditions in rural Mae Hong Song are similar to rural Tak, suggesting that ability to pay is less than required for sustainability.
Considering that PEA provides grid electrification services at a financial loss to remote communities, an argument can be made that similar subsidies should be available to help with long-term solar home system sustainability. Work is necessary to figure out who should pay and how funds could be efficiently and equitably allocated to ensure effective implementation of a systematic sustainability program.

[image: image7]
Figure 7: Estimated total equipment replacement costs (with equivalent monthly payments) over 25 year period based on expected equipment lifetimes and costs.
6 Barriers to Wind Power in Mae Hong Song

6.1 Wind power: Existing installations

We are aware of no wind power installations in Mae Hong Song. Windpower has made a slow start in Thailand in general. in the 1990s, EGAT installed 6 wind turbine generators, including a 150 kW unit, at Promthep Alternative Energy Station, Phuket Island. Somewhat later, a Thai / German chemical recycling facility installed a second-hand 100 kW turbine in Chonburi province (Greacen and Footner 2006). A few couple of local Thai companies are beginning to offer small off-grid turbines (Force Link Co., Ltd, Suntechnics Energy Systems, Thai Renewable Energy Engineering, Wind Energy Soutions, Nipon Propeller).  
The pace is expected to pick up considerably for grid-connected windpower after the December 2006 announcement of the 2.5 baht/kWh subsidy adder and the 1.5 baht/kWh additional adder for wind projects in southern provinces. Plans are underway by a consortium of Thai and Japanese power companies to develop one windfarm of up to 35 MW in “an area between Songkhla and Nakhon Si Thammarat” (Praiwan 2007). A separate company, Global Energy Management (www.globalenergy.co.th) is planning a 10 MW project, also in southern Thailand, and on June 3, 2007 initiated a 250 kW project in Nakhorn Sri Thamarrat.
6.2 Wind power: Key opportunities

For grid-connected projects, key opportunities are driven by the combination of feed-in tariff subsidies and by potential for sufficiently promising wind speeds – which appear to be lacking in Mae Hong Song (see “barriers” below).
6.3 Wind power: Key Barriers
One of the key challenges is that wind resources have not been well characterized. Power production from wind depends on the cube of the windspeed, so small changes in average windspeed can lead to substantial changes in overall output – and therefore revenues.

A wind speed study conducted in 2004 suggests higher wind speeds of “class 4 or 5” in southern provinces but only “class 1.1 or 1.2” in Mae Hong Song (Figure 8). Because wind speeds can vary significantly from site to site, and few sites have actually been measured, there may be surprises. Overall average wind speeds are expected to be low in Thailand compared to most countries that have developed extensive windpower (Global Energy Management 2007).
In general, higher windspeeds and higher tariffs in southern provinces will lead to development of grid-connected wind power there first.


[image: image8]
Figure 8: annual average wind speeds are best in southern provinces. Source: (Fellow Engineers 2004)
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Figure 9: wind speed map of Mae Hong Song showing annual average windspeeds mostly in the 1.1 to 1.2 range. Measurements were conducted at seven towers indicated. Computer extrapolation based on topology suggests possible class 3 or 4 windspeeds in near 18.6° N latitude and 98.5° E longitude (shown in yellow in the figure above) but this is in western Chiang Mai province, not Mae Hong Song.  
7 Barriers to Biomass in Mae Hong Song

More than any other renewable energy resources, biomass can be used in a wide range of technologies to produce electricity. Furthermore, biomass (plant materials and animal waste used as fuel) refers to a large number of materials from agriculture residue to fuelwood to municipal waste and animal dung. The potential of different resources, the cost of the various technologies and ultimately the barriers and opportunities are context-specific.
Key sources of biomass for electricity in Mae Hong Song are likely to include agricultural residues (especially rice husk), short-rotation wood plantations, organic waste and municipal solid waste, and jatropha or used vegetable oil for bio-diesel. Technologies of interest considered in this study include direct combustion (to provide steam for steam turbines), biomass-gasification, biogas, and biofuels (ethanol or biodiesel).
A key barrier in many cases is the economics – and uncertainty surrounding financial prospects. Is electricity or mechanical power production, at current (and future) technology and biomass fuel prices, competitive considering electricity tariffs or diesel costs? Answers to this question vary considerably across different biomass technologies, fuels, and sizes. In selected cases, it appears that the answer may be “yes”. Typically it important whether the biomass fuel is a waste (in which case it is free or even has a disposal cost), whether it can be sold, and if so, at what price. 
Another common barrier is lack of experience and expertise in biomass-to-energy conversion in Mae Hong Song. In Mae Hong Son currently there are no biomass-based Very Small Power Producers (VSPP) or Small Power Producers (SPP) (EPPO 2007), or companies that design, install, or repair such equipment. Indeed, throughout the kingdom there are limited working examples of many of these technologies. Even though some are (quite) profitable, there are limited forums for practitioners to exchange experiences. Sometimes owners/operators of successful biomass energy installations treat their successes as trade secrets and are reluctant to share experiences and practices with perceived competitors.
We now look at specific classes of biomass fuels and technologies: dry residues (combustion or gasification), small-scale short rotation wood plantation (biomass gasification), municipal waste and livestock manure (biogas), and biofuels (ethanol & biodiesel). 
7.1 Residues
Agricultural residues, including bagasse, paddy husk, and wood chips account for the vast majority of fuel for biomass-to-electricity projects in Thailand (Table 8) plantation energy crops as-yet do not play a significant role.
	
	Number of projects
	Generating capacity (MW)
	Sale to EGAT (MW)

	
Bagasse
	31
	605.40
	181.80

	
Paddy husk
	5
	53.40
	41.80

	
Paddy husk, wood chips
	2
	57.80
	49.00

	
Black liquor
	1
	32.90
	25.00

	
Municipal waste
	1
	2.50
	1.00

	
Waste gas from carbon black manufacturing
	1
	19.00
	6.00

	
Bagasse, wood bark, paddy husk
	3
	114.90
	64.00

	
Palm residue, cassava root  
	–
	–
	–

	
Paddy husk, bagasse, eucalyptus
	1
	3.00
	1.80

	
Wood bark, wood chips, black liquor
	1
	87.20
	50.00

	
Rubber wood chips
	–
	–
	–

	
Bagasse, paddy husk, biomass
	2
	–
	–

	
Corncobs, cassava rhizome, paddy husk
	–
	–
	–

	Total
	48
	988.60
	429.90


 Table 8: Essentially all renewable energy fuels for electricity generation in Thailand are agricultural residues. Source: Eppo 2007
7.1.1 Agricultural residues: potential and current use in Mae Hong Song
Due to the difficult terrain, agricultural activities are limited in Mae Hong Son Province. During 1996-2002 agriculture represented less than 20% of the Gross Provincial Product (GPP) and the main crops cultivated in the province are rice, garlic, soya bean and cabbage (UNDP, 2005). With the exception of rice, these leave little combustible residues, hence the potential to use agriculture residue for electricity production is low. According to resource maps in a nation-wide study by the National Science and Technology Development Agency NSTDA and Thailand Environment Institute (TEI) in 2004, Mae Hong Song has negligible bagasse, palm, rubber wood, or cassava residues (Malakul and Lohsomboon 2004).

Among agricultural residues, rice husk appears the most promising. Mae Hong Song produced 76,717 tonnes of rice in 2005 and has rice mills in nine locations, as shown below in Figure 10 (E for E 2007).  One tonne of rice paddy produces about 220 kg of rice husk, which can be used to generate about 150 kWh (Lacrosse 2004). Thus theoretical electricity potential from rice husk residue alone is equal to about 11.5 GWh, or about 1/6th of the province’s current electricity consumption. In practice, rice husk is used for a variety of other purposes, so realistic potential is considerably smaller.
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Figure 10: Left: Mae Hong Song had nine rice mills (shown as red trianges above), which processed 76,717 tonnes of rice in 2005 (E for E 2007). Right: electricity production potential from rice husk. Source:  (Lacrosse 2004)
Mae Hong Son is also one of the largest wood producing provinces in Thailand and in 1996 it was estimated that more than 3,300 tonnes of wood residue were produced in Mae Hong Son (EPPO, 2006). At 15,500 tonnes per MW (Malakul and Lohsomboon 2004) this implies a potential of about 200 kW of electricity from wood wastes. 
7.1.2 Agriculture residue: key opportunities

Agricultural residues provide opportunities for biomass generated electricity especially when they are considered a waste (and thus have no competing market value), or when it is possible to do the biomass-to-electricity conversion on-site (thus avoiding transportation costs and transaction costs).  When both of these conditions are met, likelihood of viability is further increased.  Another key issue is ownership of the resource. If the electricity project developer is one and the same as the resource owner (rice mill, etc.) then complicated fuel-supply contracts and associated risks are not an issue.  
7.1.3 Agriculture residues: key barriers
The main limiting factor to the use of agricultural residues to produce electricity is competing use of residues for other activities. Data from the 1990s cited in EPPO (2006) suggest that nationwide more than 50% of rice straw is used as animal fed and 30% in the paper industry. Similarly 50% or more of the rice husk produced is used at the mill itself – such as for parboiling rice (EPPO 2006). Rice husk is also used to fuel brick kilns, and is used as a soil conditioner. Data should be collected in Mae Hong Son to assess the actual amount of residue available.  
Another barrier is the cost of the residue if it needs to be purchased from an agro-processing industry. Considering that residue is used for different competing needs including energy production, a residue market has developed in the country with local prices varying significantly depending on demand and residue production location. No residue price could be found for Mae Hong Son province. However data for June 2007 from other provinces suggest a price of about 1,700 and 700 Baht/ton for rice straw and rice husk respectively (EfE 2007). This corresponds to 5,820 and 2,200 Baht/toe for rice straw and rice husk respectively. This price is in the same range as the price of natural gas (about 5,400 Baht/toe in 2006) and the conversion of the latter into electricity is more efficient than that of residue.
Finally, most of the residue in Mae Hong Son is produced during rice processing. However, the rice production is not uniform throughout the year and therefore residue is not produced continuously during the year. This can affect the continued supply of fuel to residue based power plants. In addition, the price of residue might rise when the production is low and the demand high, hampering the financial viability of residue-based electricity production systems.    
7.2 Biomass to electricity conversion

In converting solid biomass residues to electricity there basically two technologies: steam boiler/turbine and gasification, discussed below. 
7.2.1 Steam boiler/turbine

Steam boilers are by far the most common technology for biomass-to-energy so far in Thailand. For example, nearly all of the SPPs listed above in Table 8 use steam turbines. Biofuel is combusted in a boiler that makes steam that drives a turbine. Low-pressure steam that leaves the turbine is often used subsequently for agricultural processing (for example, in making sugar, or in processing palm oil). The technology is well developed, but is typically suited only for installations that are one MW or larger. In practice, few installations are seen below 5 MW. Fuel-to-electricity efficiencies are typically around 15%. In the case of rice husk, the boiler / steam turbine technology can also be tuned to be the right temperature and pressure so that the ash produced is a valuable product used in high quality concrete.

The Dan Chang Bio Energy project at the Mitr Phol Sugar Co. in Supanburi Province is an example. The project uses two 120 tonne per hour, 68 bar 510 degree centigrade boilers to produce 41 MW of power in an extraction-condensing turbine.  The Project produces reduces around 80,000 tonnes of CO2eq per year and has a 21-year firm power purchase agreement with EGAT under the SPP program (Mathias 2005). The 2,170 million baht project was funded with a loan of 1,550 million baht from Siam Commercial Bank (71%), with the remainder (29%) as shareholder equity held by Mitr Phol sugar company and MP Particle board (Gonzales 2005).
7.2.2 Steam boiler: key opportunities

It is not clear that there are any opportunities for steam boilers for biomass power in Mae Hong Song because these require at least 1 tonne per hour of biomass residue. It appears that biomass residues are not available at this concentration. 
7.2.3 Gasification

The process of gasification is less familiar, but of interest in the Mae Hong Song context because it is suitable at smaller scales. Gasification is an oxygen-starved combustion process by which solid biomass is turned into a gas, called producer gas, largely composed of carbon monoxide (CO). Producer gas can be mixed with diesel fuel or used alone to power a diesel engine. The producer gas can also be burned in a boiler to produce steam for a steam turbine.  Producer gas can be used both in small or large scale power plants.
7.2.4 Gasification: existing installations
The Malee Tanyagit Ltd. rice mill in Payuhakeeree, Chainart Province, burns rice husk in a Chinese-made gasifier to provide 100% of the fuel for two 200 kW diesel generators. The facility provides the bulk of electricity used in the rice mill at lower rates than electricity sold by PEA assuming a shadow price of rice husk at 700 baht/tonne (Interview 2007.7).

Gasification technology is used off-grid water pumping in India where several tens of thousands of systems have been installed. In Cambodia a business provides gasifiers for community rural electrification, ice factories, as well as motive power for rice mills using Indian-made gasifiers. A 9 kW community gasifier in the off-grid village of Anlong Tamey, in Bannan District, Battambang Province provides electricity 6 hours a day to 70 cooperative members at a cost of about US$0.30/kWh. The biomass gasification system operates on 100% locally farmed trees, with no diesel fuel input. Fast growing, nitrogen-fixing legumous trees (Leucaena) are planted, harvested and sold by local farmers to provide fuel for the gasifier. Every 4-6 months the branches are harvested (“coppiced”). Leaves from the branches are used for livestock feed or as fertilizer. The capital cost of the project was 100% subsidized, but on-going costs allow sustainable electricity production at US$0.30/kWh including 1 km distribution system and public lighting (SME Renewables 2005).

Reported costs for gasifiers (in India) are US$400/kWe
. In Sri Lanka gasifiers systems reportedly cost around US$500/kWe and can produce electricity for US$0.06/kWh (2 baht/kWh). In Sri Lanka a 200 hectare (1,250 rai) short rotation crop plantation is sufficient for a 500 kWe gasifiers (Kapadia 2002).

7.2.5 Gasification: key opportunities
For grid-connected systems in Mae Hong Song, an opportunity for biomass gasification exists in cases in which hundreds of kilograms per hour of biomass residues are available on-site for low cost, i.e. in agro-processing industries such as rice mills (as in the Malee Tanyagit Ltd. example above). This is especially true in cases in which the local market for rice husk is smaller than the waste stream from the rice mill.

As with the biodiesel case, existing grid-connected diesel generators (PEA & EGAT) could likely lower overall costs through use of biomass gasification as a fuel to minimize or eliminate diesel usage in these generators. PEA and EGAT may be reluctant to use this fuel in their diesel generators, however, for fear of engine damage.  

Gasifiers using short rotation crop Leucaena plantations may also make sense for rural off-grid electrification at scales of several kilowatts or more, in places where sufficient land is available. 
7.2.6 Biomass gasification power: key barriers
A technical problem associated with the use of producer gas in an engine is the presence of tar in the gas. If the gas is not adequately cleaned tar will accumulate in the engine leading to major technical problems. Efficient cleaning systems have now been developed but they need to be used properly. Experience in Cambodia show that well trained operators can handle this operation and major problems can be avoided.

The economics cited for these systems varies significantly – from $0.06/kWh (2 baht/kWh) to $0.30/kWh (10 baht/kW) depending on size, fuel source, and other factors. At current prices, small scale biomass gasification to feed electricity into the grid might not be financially profitable considering the tariff of about 4.1 baht/kWh average (including adder of 0.3 Baht/kWh) provided to biomass systems under the VSPP programme.

Barriers of lack of local capacity and experience compound the questionable economics. There are likely financial viable projects, but – as discussed elsewhere in this paper -- identifying and implementing them requires expertise often not available in Mae Hong Song. 
7.3 Biogas from organic and municipal solid wastes
Another source of biomass that can be transformed into electricity is the organic waste produced by industries or farms (black water, animal dung, etc.) or landfills (known in the energy sector as municipal solid wastes -- MSW). Biogas is created from these wastes through anaerobic digestion: the biological breakdown of nutrients into methane by bacteria in an oxygen-free environment. 
7.3.1 Biogas from Organic and Municipal Solid Wastes: Potential and Current Use 
Currently, there are no projects of electricity production from organic or municipal solid waste in Mae Hong Son province. In Thailand, a number of projects have been implemented, including a 31.9 MW power plant using black liquor as main fuel and 16 VSPP projects totalling 13.9 MW. 
The cost of this technology varies with the size and the feedstock used to produce biogas. In Korat (Northe-East of Thailand) a tapioca scratch factory installed a biogas digester with a production capacity of about 80,000m3/day, for a total cost of US$1.4 million (Cohen, 2004). This cost does not include the electricity generation part of the plant which was added later on. A 900kW landfill to electricity project in Nonthaburi (outskirts of Bangkok) was budgeted at about US$260,000.
Biogas potential in Mae Hong Song has not been evaluated to our knowledge, but municipalities such as Mae Hong Song town or Mae Sariang are potential sites, especially if a program is set up to sort organic waste. 
7.3.2 Biogas from Organic and Municipal Solid Wastes: Key opportunities

The main opportunity for the use of organic waste for the production of electricity is the fact that these wastes typically with no other potential competing use. The cost of fuel is therefore zero (or negative – considering that the waste typically has disposal costs that can be avoided or reduced with the use of biogas technology).
Some of these projects have opportunities for substantial Clean Development Mechanism (CDM) revenues. Under CDM, projects saving greenhouse gases emissions implemented in developing countries (e.g. Thailand) can sell Certified Emissions Reductions (CERs) corresponding to the amount of greenhouse gases saved as compared to a baseline. Organic and municipal solid wastes projects are particularly interesting under this mechanism since methane is a very powerful greenhouse gas: When averaged over 100 years each kg of methane warms the Earth 25 times as much as the same mass of carbon dioxide (Wikipedia 2007). Such projects can therefore generate a substantial amount of Carbon Emission Reductions (CERs) than can then be sold on the international carbon market.
As an example, the Korat Waste to Energy (KWTE) biogas plant at Sanguan Wong Industries (SWI) in Nakorn Ratchasima processes waste from the production of 750 tonnes of native and modified tapioca starch per day from 3000 tonnes per day of raw cassava.  Materials, labor and design fees for the KWTE project were $4.5 million. The biogas digestor produces methane for heat worth about US$1 million per year, electricity worth $950,000 per year, and was projected to 380,000 tonnes per year of CERs (Plevin & Donneley 2004). In July 2007 CER world price is about 14.5 Euros per tonne (Carbon Positive 2007) – implying annual CER revenues from KWTE of over EUR 3.6 million per year (US$4.8 million) assuming actual performance is about 300,000 tCO2e per year. 
A strong point for biogas in Thailand is the experience that has been gathered by projects such as KWTE over the past years. At least 16 projects have been developed in Thailand and international companies have developed and implemented technologies that are suitable to the Thai context.

Another key revenue opportunity is the SPP/VSPP feed-in tariffs. Biogas project are eligible for 0.3 baht/kWh feed-in tariff, while the feed-in tariff for municipal solid-waste is 2.5 Baht/kWh. 
The Thai government’s Energy Conservation (ENCON) fund provided funding to a Chiang Mai University program that developed a range of biogas digesters for pig farms and offered capital subsidies.
Finally, it is possible that in the future the Thai law on waste water or garbage disposal may become more stringent and more enforced, obligating industrial estates and landfills to reduce their waste water emissions. In developed countries, environmental laws provide a key incentive for biogas waste-to-electricity projects. Electricity is considered as a by-product of a necessary waste-water treatment process. 
7.3.3 Biogas from Organic and Municipal Solid Wastes: Key Barriers
A key barrier for organic and municipal solid waste projects in Mae Hong Son is the lack of information about potential. Biogas from livestock manure requires medium to large animal farms (e.g. above 60 pigs) or argo-industries. Both are limited in Mae Hong Son. Opportunities from municipal waste are also limited, but if the municipality is willing to encourage waste separation, it may be a reasonable possibility in larger towns.
Modified diesel engines used to produce electricity from biogas have low upfront costs but require frequent maintenance and a major overhaul every 3-5 years due to corrosion caused by the presence of hydrogen sulphide in the biogas (Amatayakul and Greacen, 2002). Various filtration techniques, frequent oil changes, and the use of high-alkalinity engine oil have helped, but the problem remains in some installations. 
Another barrier is related to the lack of awareness on the technical potential of transforming waste to electricity and the potential financial attractiveness of such investments (especially the potential to sell of CERs and opportunities provided by feed-in tariffs). Indeed, the total number of installations in Thailand is still relatively low compared to the total potential. Furthermore, in Mae Hong Son no such installations currently exist. 
Another barrier is the fact that the current biogas support government programme targets only pig farms whereas cattle farms and waste water producing industries have a higher potential for biogas production (S. Prasertsan and B. Sajjakulnukit 2006).
Finally, development of biogas is hampered by financial barriers. The investment required to transform waste to electricity are substantial and often far from the potential of local individual farmers. There is therefore a need for external investors to finance the project, raising transaction costs and complicating allocation of risk. Furthermore, getting a loan for a biogas project is an issue. As noted in (Prasertsan and Sajjakulnukit, 2006),”without the subsidy from the ENCON Fund (e.g. for biogas in pig farms), it is almost impossible to produce a bankable document for the loan proposal.”  
7.4 Biofuels

In Thailand, biofuels consist of bioethanol and biodiesel. Biofuels are used in internal combustion engines – mostly for transportation, but also with potential for mechanical energy and electricity generation in applications where gasoline or diesel is currently used. Bioethanol is made through fermentation of high sugar-content biomass, such as sugarcane or cassava and biodiesel is produced by the transesterification of vegetable oils such as palm, jatropha, or used vegetable cooking oils. Blends of ethanol and gasoline (benzene) are called gasohol. Gasohol containing 10% ethanol is referred to as E10.  Similarly, biodiesel is often blended with fossil-derived diesel. Diesel consisting of 5% biodiesel is referred to as B5, while 100% biodiesel is B100.
Internationally, a promising second generation of bioethanol, produced from cellulosic residues (fibres that constitute much of the mass in plants) is currently in the “pilot” and “commercial demonstration” phases including a plant operating in China (Wikipedia 2007), but so far little activity appears to have been initiated on this front in Thailand. 
7.4.1 Biofuels: Targets and Existing production
As of June 2007, about 4.3 millions of litres of gasohol E10 are sold per day in Thailand and the Thai government’s objective is to reach 10 millions litres per day by the end of the year (TNA, 2007). E10 and B5 are readily available in gas stations throughout Thailand. In gas stations, E10 gasohol costs 2.5 Baht less per litre than gasoline (benzene) and B5 0.7 Baht less than biodiesel. In addition to biofuels being available in gas stations, some communities produce their own biodiesel from waste vegetable oil, such as used cooking oil.
Despite the lower price at the pump and a Ministry of Energy-funded 40 million baht ad campaign to stimulate motorists to gasohol, bioethanol sales are still low. A survey conducted in April 2007 found that about 50% of the owners of automobiles manufactured after 1995 and which could easily use gasohol are still reluctant to use the alternative fuel for fear of harming their engines (TNA 2007). 
The Thai government expects to have sufficient bioethanol production capacity for 3 million litres of bioethanol production per day by the year 2012, sufficient to meet for E10 for Thailand’s expected gasoline demand of 30 million gallons per day. 
Similarly, the Government plans to have an installed biodiesel production capacity of 8.5 million litres/day by 2012 so that B10 (10% biodiesel in diesel) can meet the national diesel requirements. Diesel consumption is currently at 50 million litres/day and is expected to rise to 85 million litres/day by 2012.
The most promising feedstocks for ethanol in Thailand are sugarcane and cassava. Of 18 new licensed ethanol plants 14 will use molasses and the remaining four will use cassava. Mae Hong Song is not a major producer of either. 

The most promising feedstocks for biodiesel are palm and jatropha. Palm oil is the world’s most productive vegetable oil crop, and the Thai Government plans to develop palm plantations totalling 4 million Rai (0.7 million hectares), projected to yield 4.8 million litres/day of biodiesel (Gonsalves 2006). Palm, however, is more suited to the climate of southern Thailand and Mae Hong Song does not produce significant palm.

Jatropha curcas (“Sabu dum” in Thai) is a possible biodiesel source for Mae Hong Song. The plant bears an inedible oily seed that can be squeezed to produce oil that can be used for biodiesel. Jatropha can grow in poor soils. When well cared for, it can reportedly produce 1200 kg of seed per rai of land. Jatropha reportedly yields more than four times as much fuel per hectare as soybean, and more than ten times that of corn (www.thaijatropha.com). The Thai Ministry of Science and Technology, together with the Thai Machinery Association have developed a line of small-scale processing equipment (de-sheller, expellers, and filters) suitable from processing tens or hundreds of kg per hour of jatropha to biodiesel (Thai Machinery Association 2007) brochure. The Cooperative League of Thailand has initiated “Sabu-dum school” to teach small scale entrepreneurs to grow and process the crop for biodiesel production (The Cooperative League of Thailand 2007). A Jatropha energy project in Mae Hong Song was in early finance-raising stages, but has apparently stalled (Interview 2007.6). 
Biodiesel is already made from used cooking oil at the household and small-business scale by dozens of early adopters throughout Thailand. These entrepreneurs purchase used oil from fried-food producers, restaurants, and individual residences and produce from tens to thousands of litres per day. In Thailand equipment is now available for 70,000 baht (about US$2,000) to semi-automate the process of filtering, heating, mixing in the necessary catalyst chemicals (sodium hydroxide and methanol), and cleaning the resultant biodiesel in batches of 120 litres (see, for example, www.planenergy.co.th). The producers of the product claim that it can pay for itself in less than a year in avoided diesel purchases. Other producers of biodiesel use manual processes with home-made equipment with even lower investment costs.
7.4.2 Biodiesel for electricity production: Key opportunities

As liquid fuels that are readily portable and blendable with existing transportation fuels, biofuels are mostly projected to be used in the transportation sector. Electricity generation is a secondary – but possibly significant – opportunity. Table 2 indicates that EGAT and PEA already operate eight large diesel generators totalling 7.4 MW in Mae Hong Song to make up for shortfalls in electricity from local small hydropower and the 22 kV distribution line to Mae Hong Song from Chiang Mai. Experience in Cambodia suggests biodiesel-powered electricity generation cost (from small scale operations) at about US0.3$/kWh (10 baht/kWh). This is about five times higher than the price paid for electricity by grid customers in Thailand. Under VSPP existing tariff structures the 0.3 baht/kWh feed-in tariff adder (total about 3.3 baht/kWh on average) available for biomass based electricity in Thailand is too low to make small-scale biodiesel economical for grid-connected sales by private producers.

On the other hand, utilities (EGAT, PEA) required to provide electrical service to Mae Hong Song are paying much more than 3.3 baht/kWh for fossil-fueled diesel electricity generation. PEA’s experience with diesel generation on the island of Koh Tao is illustrative: the utility generates 1.6 MW of electricity using diesel generators at a cost of 25 to 30 baht per liter, yet has to sell this electricity at the national tariff of around 3 baht/kWh, incurring a significant financial loss. In Koh Dtao, PEA production costs are about double PEA revenues (Interview 2007.8). This suggests a hypothetical commercial opportunity if biodiesel electricity generation is less expensive than fossil diesel-powered electricity. There is little precedent world-wide, however, for commercially viable biodiesel grid-connected electricity.
Considering that a considerable amount of electricity production is already from diesel generators in Mae Hong Song, there exists the strong likelihood that these will be burning biodiesel (probably B5) in the near future simply because, as described above, B5 biodiesel will become the cheaper, widely-available substitute for pure fossil diesel. In this status quo future, however, it is not certain that this 5% renewable fuel would be produced in Mae Hong Song.

Offgrid applications present another opportunity. There are hundreds of small diesel-powered generators in remote off-grid communities in Mae Hong Song. With little or no modifications, many of these existing generators could burn locally produced B100, using either used vegetables oil or jatropha (or both), as described above.
7.4.3 Biofuel for electricity production: key barriers
A key barrier to small scale biodiesel based rural electrification is the cost of electricity production. As discussed above, the cost is high compared to existing tariffs for grid electricity. Costs in some cases are lower than fossil-diesel generated electricity, but in most cases the differences may not be enough to motivate investors considering the risks and uncertainties.
A second key barrier is lack of capacity in Mae Hong Song to implement, manage, and sustain biofuel projects.

8 Barriers to small- and micro-hydropower in Mae Hong Song
8.1 Micro-hydro power: Existing installations

In the Thai context, micro-hydropower refers to projects smaller than 200 kW. Small hydropower refers to projects up to 6 MW.  Mae Hong Song has four off-grid micro-hydro projects totalling 110 kW, and four grid-connected small hydropower projects with a wet-season capacity of 8100 MW and dry season capacity of 2000 MW (Table 9).
Table 9: Small and micro-hydro projects in Mae Hong Song

	Project name
	Implementing agency
	Nameplate capacity (kW)
	Rainy season capacity (kW)
	Dry Season capacity (kW)

	Mae Pai
	PEA
	2 X 1000
	1800
	250

	Mae Sa-nga
	DEDE
	2 X 2500
	4700
	1500

	Pha Bong
	DEDE
	1 X 850
	600
	250

	Mae Sariang
	DEDE
	2 X 625
	1000
	500

	Pah Pae
	DEDE
	10
	NA
	NA

	Huay Hom
	DEDE
	40
	NA
	NA

	Mae Tho
	DEDE
	40
	NA
	NA

	Na Poo Pom
	DEDE
	20
	NA
	NA

	Total
	
	
	8100
	2000


In all of Thailand, reportedly about 100 MW of micro- and small-hydropower are installed. Another 350 MW are targeted by the year 2011 in the government’s “Energy Strategy for Competitiveness Plan” plan. These comprise 121 projects by the DEDE with a total installed capacity of 134.29 MW; 601 projects by the Royal Irrigation Department (RID) with a total installed capacity 176.3 MW, and 6 projects by the Provincial Electricity Authority (PEA) with a total installed (DEDE 2006).
By many economic and social measures, community micro-hydro is a superior electrification option for off-grid remote mountainous communities in Thailand. Yet despite a 20 year government program, by 2004 only 59 projects were built (by DEDE) and of these less than half remain operating. PEA remains catalytic in explaining why few systems remain operating: grid expansion plans favor villages with existing loads and most villages abandon micro-hydro generators when the grid arrives. Village experiences are fundamental: most projects suffer blackouts, brownouts, and equipment failures due to poor equipment and collective over-consumption. Over-consumption is linked to mismatch between tariffs and generator technical characteristics. Opportunities to resolve problems languished as limited state support focused on building projects and immediate repairs rather than fundamentals (Greacen 2004).
DEDE’s grid-connected small hydropower projects sell electricity to PEA at 1.1 baht per kWh. This (low) tariff is used because it was not clear that government-constructed hydropower projects should sell on commercial terms to utilities (DEDE & DANIDA 2006).

8.2 Small and micro-hydro power: Key opportunities

The DEDE plans to begin construction of an additional 7.6 MW of small hydropower in Mae Hong Song, with construction beginning between years 2007 to 2010 as shown below in Table 10. In addition to these opportunities, the topology of Mae Hong Song suggests opportunities for dozens (or more) micro-hydro (<200 kW) installations. 

	Project name
	Implementing agency
	Amphur
	Status
	Nameplate capacity (kW)
	Estimate start of construction 

	Huai Trong Ko
	DEDE
	Muang
	feasibility study 
	900
	2007

	Nam Mae La Noi
	DEDE
	Mae La Noi
	feasibility study 
	2012
	2007

	Nam Mae Song
	DEDE
	Mae Sariang
	Pre-feasibility study
	888
	2008

	Huai Me
	DEDE
	Pai
	Pre-feasibility study
	530
	2008

	Huai Nong Kao
	DEDE
	Muang
	Pre-feasibility study
	1026
	2009

	Nam Mae La Luang
	DEDE
	Mae La Noi
	Pre-feasibility study
	1512
	2010

	Mae Pa
	DEDE
	Mae La Noi
	Pre-feasibility study
	777
	2010

	Total
	
	
	
	7645
	


Table 10: Small hydropower projects in Mae Hong Song with feasibility studies or pre-feasibility studies. Source: (DEDE 2006)
8.3 Micro-hydro power: Key Barriers
Conspicuously, thus far all small and micro-hydropower projects have been developed by government ministries. The role of the private sector has been limited to providing studies and manufacturing / installing equipment. Work on policies and expectations of government officials is necessary to open opportunities for private or community-level project developers. With suitable environmental and community approval, it should be possible to enable private sector investment and project development though concessions – as has been done in Nepal, Sri Lanka, Indonesia, Philippines, and India.
Capacity building is necessary – for villagers and farmers and local government officials to be aware of opportunities to generate and sell electricity; for technicians in Mae Hong province to have the skills to assess project feasibility, design, construct, commission, and operate projects. 

In many cases, hydropower resources are in protected watersheds. According to a DEDE official involved in small hydropower, arranging environmental impact assessments and permissions from forestry officials are key barriers to small hydropower (Interview 2007.4).  We suggest that small projects receive streamlined approval -- (for example, with a weir no taller than 2 meters, and a reservoir area no larger than ½ rai). 
Increased competition could be instrumental in lowering costs and improving quality. Currently a single domestic manufacturer based in Chiang Mai supplies turbines and control systems to all DEDE micro-hydro installations. Costs per watt are higher than for similar sized projects in other countries, and Thai micro-hydropower projects often operate at reduced output due to concerns about the ability of systems to perform at their rated output. Common equipment failure modes include: generator failures, shaft and bearing failures, governor failures, and turbine failures (Greacen 2004).

9 Summary of key options and actions to remove barriers to renewable energy in Mae Hong Song
· Remove MW cap on SPP subsidies.

· Require independent study to determine whether PEA 115 kV transmission line to Mae Hong Song is the least-cost option, or whether renewables / DSM would be better investment. 

· Assess potential for biomass in Mae Hong Song, in particular available agro residue, organic and municipal waste.

· Arrange exposure trips for those with significant biomass residues to visit successful biomass-fired power plants of appropriate scales in other provinces in Thailand. For example, rice millers might see rice-husk gasifier installation at the Malee Themasak rice mill in Chainat.

· Support development of a “VSPP association” for VSPP practitioners, academics, NGOs and government to share experiences to improve the program.

· Initiate trainings for local leaders, entrepreneurs, and interested citizens on renewable energy technologies (resource assessment, costs, case studies of existing installations, limitations). Arrange exposure trips to communities in Thailand with successful grid-connected and off-grid renewable energy projects.

· Use television, radio, and VCDs to disseminate information on successful renewable energy cases. 
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� Of which 585MW was sold to the grid, with the remainder providing electricity directly to factories.  


� On 16 November, 2007, the feed-in tariff period was raised to 10 years for solar and windpower. � HYPERLINK "http://www.eppo.go.th/nepc/kpc/kpc-117.htm" ��http://www.eppo.go.th/nepc/kpc/kpc-117.htm� 


� See, for example, www.nanosolar.com


� http://www.infinitepower.org/ressolar.htm


� It is interesting to note that the cost per rated kWp of this EGAT installation (387 baht/watt) was more than double the 163.4 baht/kWh cost  of a 460 kWp grid-connected solar electric system installed at Tesco Lotus Supermarket on the rooftop of their Rama I outlet store in Bangkok (� ADDIN EN.CITE <EndNote><Cite><Author>Tesco Lotus</Author><Year>2004</Year><RecNum>952</RecNum><MDL><REFERENCE_TYPE>10</REFERENCE_TYPE><REFNUM>952</REFNUM><AUTHORS><AUTHOR>Tesco Lotus,</AUTHOR></AUTHORS><YEAR>2004</YEAR><TITLE>Project document: Solar electricity generation project at Rama I outlet store</TITLE><PLACE_PUBLISHED>Bangkok</PLACE_PUBLISHED></MDL></Cite></EndNote>�Tesco Lotus 2004). � The example suggests that the private sector may be more competitive than EGAT in supplying grid-connected solar electricity.


� “electrification rate” refers to the percentage of villages electrified, not households electrified.


� http://listserv.repp.org/pipermail/gasification_listserv.repp.org/2005-September/002462.html
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