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GSP Group 11: Renewable Energy 

Introduction 

Thailand’s ratification of the Paris Agreement in 2016 puts it on a path to reducing its                

greenhouse gas emissions by 20% from the business-as-usual level by 2030. To work             

towards this, a key element involves the use of renewable energy. Besides emissions             

reduction, other factors have played a part in Thailand’s push for renewable energy.             

Specifically, Thailand’s energy consumption has increased almost six-fold in 30 years, from            

12,595 kilotonne of oil equivalent (ktoe) in 1986 to 72,499 ktoe in 2016. As Thailand has                

insignificant reserves of its own, imported energy plays a key part in meeting its energy               

demand, spending 12% of its GDP on imported energy in 2011. These factors add to the                

urgency to scale-up the use of renewable energy. Thailand aims to increase the share of               

renewable energy in its final energy consumption from 12% in 2014 to 30% by 2036. 

  

Chiang Mai can play a big part towards meeting Thailand’s renewable energy targets. With              

abundant sunlight all year round, it has the highest number of areas installed with solar               

panels (39 areas), covering a total area of 5,893m2. Chiang Mai has installed wind turbines               

capable of generating a capacity of 307 kW - the second highest energy generation capacity               

from wind power amongst the provinces. Furthermore, Chiang Mai’s hydropower projects           

could generate a capacity of 10,268 kW – the second highest among the provinces. Being an                

agricultural province, Chiang Mai’s potential for biomass is also significant as it could use the               

agriculture waste for biomass.  

  

This paper focuses on solar energy and biomass (specifically biochar), detailing the various             

aspects of these two forms of renewable energy and proposing recommendations to scale             

up their adoption. 

 

Solar energy and biomass are the two most common forms of renewable energy used in                

electricity generation. In 2014, they generated 1,299 megawatt (MW) and 2,452 MW of             

electricity respectively, making up 83% of the total renewable energy used for electricity             

generation.  
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Biochar, a specific type of biomass, is essentially charcoal created from agricultural waste             

(see Annex A for photographs). Biochar is created by burning organic materials such as corn               

cobs with little or no oxygen. Since no oxygen is used in the burning process, no carbon                 

dioxide is released. The resulting material is a charcoal that can be used as a cooking fuel or                  

buried as a means of carbon capture and soil improvement (hence increasing agriculture             

productivity). Since the corn absorbed carbon dioxide as it grew, if the biochar is used as a                 

cooking fuel, it will release carbon dioxide, making the process carbon neutral. If biochar is               

buried instead, the process is carbon negative.  

The Case for Biochar and Solar 

We selected biochar and solar due to extensive agricultural activity, and plentiful sunlight in              

Chiang Mai. Promoting both biochar and solar will allow Chiang Mai to tackle renewable              

energy generation in collaboration with farmers as well as large businesses.  

Biochar  

In Chiang Mai, corn cobs, i.e. the waste from cornfields, can be used to make biochar.                

Currently, cornfields are often burned after harvest to reduce the costs of removing the              

waste. If the organic waste could instead be converted into biochar and sold for additional               

revenue, it could reduce open burning and its negative consequences such as haze.  

 

The total area used to plant maize in Chiang Mai was 28,272 hectares in 2016, yielding                

122,000 tons, which implies 30,000 tons of cobs remain as waste each year (Office of               

Agricultural Economics, 2016). Even if all 30,000 tons were made into biochar, and this was               

all used to substitute non-renewable energy uses, that would only result in 15,000 tons of               

biochar which is 12,000 tonnes of oil equivalent (toe). This is only 0.01% of total energy                

consumption in Thailand. Clearly, promoting biochar alone cannot be a sufficient policy in             

meeting the renewable energy targets. However, in terms of reducing carbon dioxide            

emissions, it fares quite well. Burying all of the charcoal would result in the sequestration of                
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55,000 tons of carbon dioxide equivalent (CO2e), equivalent to offsetting 12,000 passenger            

vehicles driving for a year (EPA, 2018).  

 

The key problems with biochar are that the fuel needs to be transported by vehicle to reach                 

users such as restaurants, and biochar can only be used for cooking, and not other               

applications of energy. If biochar is buried, there is no immediate financial gain for the               

farmers, making the cost of collecting the cobs, processing them, and putting it back in the                

soil too much to bear even if the resulting maize yield improved due to better soil quality.  

Solar 

Compared to 2017, demand for solar energy in Thailand is expected to rise by 78% by 2036,                 

and gross domestic product (GDP) by 126%. Alternative energy forms in big cities like              

Chiang Mai will play a crucial role in bridging this gap. Currently, solar energy is a popular                 

source of renewable energy with its potential increasing from 6 gigawatts to approximately             

17 gigawatts by 2036. 

  

Sunlight is abundantly available across Thailand,      

with high irradiance in the central and northeastern        

parts. These parts of Thailand cover 25% of the total          

land area and receive solar radiation in the range of          

1,200-1,400 kWh per square meter per year. Due to         

seasonal variations, Thailand receives its peak      

radiations in April and its lowest in December        

(DEDE, 2012). 

 

Thailand’s achievement in increasing its solar Photovoltaic (PV) generating capacity tenfold           

from 2011 to 2016 (see Figure 1) can be attributed to the steady decline in the cost of                  

modules and projects as a result of the generous discounts provided by the government              

under the Adder program. These incentives are further backed by the commitment from the              

financial sector and by a political establishment that is keen on supporting renewable             

energy development. 
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Figure 1 Thailand’s cumulative solar PV installed generating capacity 

 

 

However, the key problem with solar is its seasonality. While Chiang Mai receives abundant              

sunlight throughout the year (averaging about 2,648 hours), it is sunny only for about 61.2%               

of daylight hours and is likely to be cloudy, hazy or low sun intensity for the remaining                 

period. Another factor hindering the progress of solar is the untapped rooftop PV market.              

Due to lack of a net metering scheme, there is neither a set target nor sufficient incentives                 

for residential households to install solar PVs. While commercial users are better positioned             

to capitalise on solar with the rooftop PVs suiting their load in general, additional economic               

incentives could be given for retail users to further harness solar energy in Thailand. 

Regulatory Environment 

For renewable energy to be viable today, the regulatory environment has to be favourable.              

Factors such as the availability of carbon pricing tools, existence of renewable energy             

targets, understanding how feed-in tariffs incentivise the use of renewable energy and            

whether there are sufficient fiscal incentives to promote the use of renewable energy play              

an important role in facilitating the growth of renewable energy.  
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Thailand’s renewable energy regulatory environment has three main elements. First is the            

presence of renewable energy targets. Under the Alternative Energy Development Plan           

2015, targets have been set for each type of renewable energy for different purposes by               

2036. See Annex B for the targets. The Department of Alternative Energy Development and              

Efficiency (DEDE) monitors these targets and establishes policies to reach them. 

  

Next, feed-in polices have been established. These are essentially feed-in tariffs where the             

government pays a minimum price to the power generation companies which use            

renewable energy for a period of time (20 years in Thailand’s context). These feed-in tariffs               

range from 3.75 baht per kilowatt hour (kWh) for biogas to 6.34 baht per kWh for energy                 

generated from waste products. Specifically for biomass, the tariff range from 4.24 to 5.34              

baht per kWh depending on the biomass plant’s capacity . Solar energy is not included in                

the feed-in policies. 

 

There are also various support measures by DEDE for the various forms of renewable              

energy. For solar, DEDE has promoted and supported projects involving the use of solar              

energy for battery charging, water pumping etc. Grants were also given to businesses to              

invest in hybrid solar hot water production and solar drying systems. However, such             

support measures are currently lacking for biomass. There are currently no plans to             

promote the mass adoption of biochar.  

 

Currently, the complexity involved in setting up a solar farm and the power purchase              

agreements associated with it does not encourage foreign investors to partake in the             

bidding process. Under the newly introduced regulations, firms are obliged to supply            

electricity to the government during peak hours. To fulfill this obligation, firms are required              

to setup a biomass, biogas or other backup facility to compliment the solar facility since               

solar is dependent on the sun, which is not be available all the time. This set up a dual                   

facility to serve as backup for solar is known as a hybrid setup. Such a setup has higher                  

capex, and faces many technical problems in storage and transmission of energy. Therefore,             

requiring backup facilities may not be serving the purpose of increased energy security in              

Thailand. Such hybrid setups are seen to be amongst the least attractive in ASEAN. 
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Overall, the regulatory environment is favourable towards renewable energy though          

different policy tools have been used to promote the use of different energy types. When               

compared to biochar, the current environment seems more favourable towards the           

promotion of solar energy as there are fiscal incentives to encourage projects that make use               

of solar energy so as to make these projects financially feasible. While feed-in policies are               

applicable to biomass, measures supporting the use of biochar are lacking, and there is              

room for improvement in the regulation of solar. 

Financial and Economic Analysis 

We find that both biochar and solar are financially viable in Chiang Mai. Biochar production               

typically breaks even within the first year or two while the cost of capital investment in solar                 

PV is tending towards grid parity, dropping to meet that of traditional energy such as fossil                

fuel. 

Biochar 

It costs approximately US$9,423 to set up a basic biochar operation, including 50 drums and               

a machine to pulverize and compress the biochar into bricks. If 10 farms in an area provided                 

their corn cobs, there would be around 26 tons of cobs to process. For each harvest, the 10                  

farms would be able to produce around 13 tons of biochar. If this were all sold, revenue                 

would be US$12,250. Though we lack data on the cost of collecting and transporting the               

corn cobs, we can see that the initial investment is likely to be recovered in a short time                  

period. The minimum wage in Chiang      

Mai is US$9.60 per day (Tilleke &       

Gibbins, 2017), so if 10 workers worked       

for a month, this would cost around       

US$2,324. Though we don’t know how      

much labour is required for the      

process, it seems feasible that the the       

operation would be profitable by the      

second year. 
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Solar  

To be commercially viable, the solar PV power generation plant must be able to generate               

revenues that cover operations and maintenance costs. The return on investment (ROI)            

must also be higher than other standard investments. 

  

Key site specific considerations within Chiang Mai would include capital expenditure           

analysis. It is anticipated that capex costs will continue on their downward trajectory which              

began in 2011 (see Figure 2). This is a result of technological advancements that continue to                

rationalize production costs (IFC, 2015). This makes the proposed solar investments in            

Chiang Mai highly attractive. It must be noted that the cost estimations presented in Figure               

2 are extrapolated from mature projects in the West and in Asia and therefore their               

application for benchmarking purposes in Thailand is valid. It is also important to highlight              

that capex levels could differ in Chiang Mai as a result of differences in costs such as                 

developer fees, labor costs, and legal fees to name a few. 

Figure 2 Forecasted average Capex Costs for Multi-MW Solar PV Park, 2010–2019 

 

Source: BNEF, SgurrEnergy, collected from project developer and installers. Not including developer fees,             
taxes, legal costs, corporate  finance fees. 

 

Although Utility Scale PV has immense environmental benefits, any infrastructure          

investment must always take into consideration economic factors. Solar generation costs           
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have declined rapidly with some markets achieving grid parity (see Figure 3) whereby the              1

average levelized costs of electricity (LCOE) generated via solar can compete with            2

traditional energy production without the use of subsidies. LCOE is computed as follows: 

 

 

The numerator sums up discounted costs whereas the denominator sums up discounted            

production. For the plant to break even the costs must equal the price of electricity (Doshi,                

et al., 2011). 

Figure 3: Levelized cost of energy range by technology (US$ per MWh) 

 

 

Source: EY analysis of Lazard data 

 

The aforementioned favorable conditions indicate that the Chiang Mai government can           

successfully attain energy supply resilience by diversifying into solar. In addition, the local             

1 Grid parity is achieving a stage of development of the PV technology, at which it is competitive with 
conventional electricity sources 
2 LCOE is the present value of costs per unit of electricity of building and operating a generating plant over an 
assumed financial life and duty cycle. It typically includes capital costs, fuel costs, fixed and variable operations 
and maintenance costs, financing costs, and sometimes an assumed utilization rate for each plant type. 
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authorities can also incentivize investment in off-grid PV solutions that enable individuals            

and businesses to install their own plants. 

Financing 

Biochar 

For farmers or collectives of farmers to go ahead with a biochar plant, they would need to                 

borrow funds for at least a year. Fortunately, the time at which a biochar plant would be                 

needed is immediately after harvest, typically, a time when farmers are relatively cash rich.              

This implies that their borrowing may not need to be as high as it would be at other times of                    

the year. There are a handful of firms providing microfinance in Chiang Mai, and the amount                

of money needed is relatively small compared to traditional infrastructure projects, but            

farmers may still have difficulty accessing credit. A key role for policymakers looking to              

promote biochar would be to connect farmers with appropriate lending institutions. 

 

In the case that some or all of the biochar is to be buried rather than sold, we would need                    

more research on (1) how much of a yield improvement would occur in the following               

harvests, (2) whether carbon credits can be sold to generate additional income for farmers,              

and more generally (3) whether a commercial plant or a cooperative is the better way to                

proceed. Though studies have documented an improvement in nutrient retention,          

microbiological, and chemical properties of soil after burying biochar, exact yield increases            

vary markedly by a multitude of local factors (Rogovska et al, 2014). European Emission              

Allowances are currently US$16.50 (Markets Insider, 2018), so 13 tons of biochar each year              

would only provide $16.50 (price) x 47.7 (CO2e)= $787 in carbon credits. Even though the               

crushing and compressing machine (around US$6,283) is not required, the investment in            

other equipment would not be covered for 8 years, ignoring labour cost. Selling carbon              

credits also requires obtaining licenses that would require the support of a third party              

organization, which is likely to have substantial costs. 
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Solar  

EY, an accounting firm, advises that investment in solar infrastructure provides           

opportunities with favorable returns for venture capital and private equity players at the             

following entry points (EY, 2016): 

 

i. Secured senior debt: Property plant and equipment deployed in solar plants tends to hold                

attractive liquidation value. Financiers in the private sector and development finance           

institutions such as the International Finance Corporation (IFC) and the Asian Development            

Bank (ADB) can be tapped to fund Chiang Mai’s solar projects especially in the early stages                

of the projects. These facilities tend to be of low risk and are not related to the                 

creditworthiness of the project which in any case might be difficult to ascertain at the onset                

of the investment. 

 

ii. Project Finance: Alternatively, the city government can seek project finance which will be               

repaid using future cash flows generated from future electricity sales. The advantage of this              

type of funding is that it tends to be of a larger scale and long term in nature. In addition,                    

project finance is traditionally an off-balance sheet item which has the benefit of not              

burdening the financial statements with visible liabilities that may deter additional           

investors. 

 

iii. Subordinated debt: Green bonds are increasingly in vogue with municipalities as a source               

of funding. Chiang Mai can pitch the green credentials of its solar project to impact investors                

who seek to place capital for the twin goals of financial return and life-altering social               

change. 
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Environmental and Social Considerations 

Biochar  

In the case fermentation of organic waste to create gas, there can be negative              

consequences such as smell pollution, high water use, and possible water pollution if             

disposed  improperly. However, biochar has the following positive effects:  

1. Improved soil quality if buried 

2. Reduced haze due to open burning (improved health) 

3. No effect on water use 

4. Increased employment after harvest season 

5. Additional income for farmers 

6. No effect on biodiversity, unless selling biochar becomes so profitable farmers use            

natural wood to make biochar 

7. No effect on food supply, since only agricultural waste is used 

8. Carbon neutral to carbon negative depending on the end use 

Solar  

While solar energy is inherently clean, large infrastructure projects such as utility scale PV              

solutions by design may have associated environmental and social impact. Consequently,           

global financiers are increasingly measuring whether or not projects are socially responsible            

and reflect sound environmental management practices as part of their due diligence. To             

mitigate this challenge in a way that satisfies multiple parties from different jurisdictions, it              

is advised that the Chiang Mai municipality adopt the Equator Principles (EPs). EPs are              3

aligned to the environmental and social categorization process of the IFC and have largely              

become the de facto baseline and framework for assessing environmental impact of project             

financing (The Equator Principles Association, 2018). 

3 The Equator Principles (EPs) is a risk management framework, adopted by financial institutions, for 
determining, assessing and managing environmental and social risk in projects and is primarily intended to 
provide a minimum standard for due diligence and monitoring to support responsible risk decision-making. 
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Successful Implementation & Adoption 

Several factors play a part in the successful adoption of renewable energy. A successful case               

of a biomass plant in Uthaithani province provides insights on what these factors are and               

how they could possibly affect the success of biochar or solar in Chiang Mai. In short, these                 

factors involve the hardware and the heartware.  

  

First, an evaluation should be conducted to evaluate the potential impacts of biochar or              

solar plants. Such studies are important in stating upfront what the potential impacts are              

(economic, social and environmental) and should be done as a prerequisite for approval             

from the Chiang Mai authorities. Such studies should also be done and submitted to them               

for all plants, regardless of capacity. Relating to this, it is also crucial for the officials to                 

develop standards and step up compliance efforts to regulate the operations of such plants              

to ensure that there are no unintended negative consequences.  

  

If a plant is to be built near a community, support from the community is crucial.                

Stakeholder meetings with the locals should be held to explain the details of the plant and                

clarify any concerns that the locals may have. For example, if the villagers have a               

misperception that biochar production could pollute the air (as it involves burning), this is a               

good opportunity to explain why it would not and share the positive environmental impacts.  

  

Another important success factor is involving the community in the business. As Chiang Mai              

is an agricultural province, the villagers could sell their agricultural waste to the biochar              

plant, thereby earning some money. The biochar plant could also employ the locals to work               

in the plant, hence creating economic benefits for the villagers. Similarly for solar plants,              

locals can be trained and employed in  the plant.  

Policy Recommendation 

We recommend that the Chiang Mai government pursue a two-pronged policy for achieving             

their climate change and renewable energy targets and work towards Goal 7 of the SDGs               
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which targets the “access to affordable, reliable, sustainable and modern energy for all”.             

Given the US$17,000 allocated for this project, we propose that the Chiang Mai government              

promote knowledge of biochar and solar among farmers, households and small businesses.            

Biochar alone is not sufficient to achieve a significant impact on renewable energy targets,              

but it does have the potential to engage farmers, reduce CO2 emissions, and supplement              

local income. Solar is more likely to have an impact at scale, but it requires a substantial                 

investment only accessible to wealthy households or businesses.  

Biochar 

While US$8,500 is insufficient to set up a biochar facility, it can pay for the salary of a public                   

servant for 10 months, who can act as a coordinator to organize a network around adoption                

of biochar, and involve community members who will take it forward beyond that period.              

Demonstrations of the process can increase interest and take-up of biochar production.            

Once farmers are ready to invest, they can be connected with banks and microfinance firms               

that may be willing to provide capital. There needs to be further research into the increase                

in yield due to burying biochar, and the commercial viability of selling carbon credits. As               

funding is limited, the coordinator can reach out to research institutions such as the Energy               

Research and Development Institute of Chiang Mai University and Maejo University and get             

them to lead the research. 

Solar  

In Thailand, solar costs have fallen drastically and generation capacity has grown            

substantially. The government should capitalize on this and establish a foundation to            

facilitate a massive scale up of solar generation over the near term. With US$8,500, they               

could set up a small fund to provide financial support to knowledge sharing, capacity              

building and awareness activities. In promoting solar energy, the government should target            

households and small businesses to help increase solar energy production and become self             

sustaining. In the longer term, the government can set up a fund using the subsidies saved                

from people switching from fossil fuel based energy to solar energy, since conventional             

energy is more heavily subsidized than solar. This fund can be dedicated to funding R&D               

projects around solar energy to further reduce costs, for example, by prototyping floating             

solar farms that could scale up solar energy production significantly. 
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Risks and limitations 

Both policy recommendations encourage lawmakers to deploy choice architecture that          

encourages behavioral change by way of nudges as opposed to the use of traditional              

methods such as legislation and taxation. Because nudges preserve freedom of choice, there             

is the risk that the community of Chiang Mai might reject outright the option to optimize                

off-grid and/or utility scale PV solar solutions or biochar solutions. Status quo bias may              

result in the producers and consumers of energy resorting to keeping things the same              

instead of augmenting current production and consumption energy patterns with          

renewables. The sponsors of the policy recommendations can mitigate this challenge by            

embedding default rules, which guide the next steps in the event that the messaging to               

guide behavior towards the adoption of biomass and solar energy is not well received by the                

target audience. 

 

Conclusion 

Solar energy and biochar have the potential to be scaled up further in Chiang Mai. There                

are many factors influencing the successful adoption of renewable energy. In the longer             

term, the more sustainable route is to promote the use of such renewable energy by               

increasing the community’s awareness of the benefits and uses of solar energy and biochar.              

Research also plays an important role in advancing the use of renewable energy. These go a                

long way in meeting Thailand’s renewable energy and emissions targets.  

 

 

15 



GSP Group 11: Renewable Energy 

Annex A
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Annex B 

Target of Renewable Energy by 2036 
  

Type of Energy Target by 2036 

Electricity Ktoe 5,588.24 

MW 19,684.40 

1. MSW MW 500.00 

2. Industrial Waste MW 50.00 

3. Biomass MW 5,570.00 

4. Biogas (WW/SW) MW 600.00 

5. Small Hydro MW 376.00 

6. Biogas (Energy Crop) MW 680.00 

7. Wind MW 3,002.00 

8. Solar MW 6,000.00 

9. Large Hydro MW 2,906.40 

Heat Ktoe 25,088.00 

1. MSW Ktoe 495.00 

2. Biomass Ktoe 22,100.00 

3. Biogas Ktoe 1,283.00 

4. Solar Ktoe 1,200.00 

5. Alternative Renewable Energy Ktoe 10.00 

Biofuel Ktoe 8,712.43 

1. Bio-Diesel Million L/d 14.00 

2. Ethanol Million L/d 11.30 

3. Pyrolysis Oil Million L/d 0.53 

4. Compress Bio-methane Gas Tons/d 4,800.00 

5. Alternative Fuel Ktoe 10.00 

RE consumption (ktoe) 39,388.67 

Final Energy Consumption (ktoe) 131,000.00 

Share of RE in Final Energy Consumption (%) 30 

 
Source: Department of Alternative Energy Development and Energy Efficiency 2015, 
Alternative Energy Development Plan 
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