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1. Introduction

Energy has always been one of the biggest challenges of sustainability. After

decades of depending on fossil fuels like coal, petroleum and natural gas, our energy

consumption posts huge stresses on human health and nature. The negative externalities

of fossil fuels occur in all processes from the extraction of resources to the pollution

emitted after consumption. While attempting to cut back the dependency on fossil fuel,

renewable energies have become more into the center of the stage. Besides being cleaner

sources of energy, renewable energies have experienced a rapid growth and become more

accessible over the years. On the other hand, fossil fuels gradually exhaust and become

more expensive. One of the highest potential renewable energies is solar photovoltaic

(PV) technology.

PV solar power is a type of solar technology that converts solar energy to

electricity using PV cell or solar cell. The energy-form conversion in PV technology is

called photovoltaic effect, discovered by Edmond Becquerel, a French physicist, in 1839

(Kalogirou, 2004). ThePV effect is a process in which 2 different materials

(semiconductors)are exposed to light or other radiant energy, and then generate electricity

(Green, 2002; Anderson and Chai, 1976; and Rappaport, 1959).

Photovoltaic technology development started off slowly, but the development has

advanced rapidly in recent decades. The first silicon solar cell was developed in 1958

with quite low efficiency rate of 11% and an extremely high cost of $1000/W (Meinel,

and Meinel, 1976). Therefore, it was considered as expensive and inefficient technology.

However, PV technology has improved gradually over the last 50 years. Partly, the

drivers of such advancement are global warming, environmental concerns and energy

crisis (Wüstenhagen and Menichetti, 2011). Silicon solar cells’ efficiency has firmly

increased to 25% with high rates of technology advancement in 1960s and 1990s (Green

et al., 2002), while the PV modules’ costs have reduced by the factor of nine between

1982 and 2002, and the cost decreased by 30% in 2009 alone (IEA, 2009).

The market of PV technology has experienced rapid growth in the last decadeand

the investment in solar energy has grown the fastest among all renewable energy sources

(Timilsina, Kurdgelashvili and Narbel, 2011). The global existing installed capacity of
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photovoltaic has increased from 1.4 gigawatt (GW) in 2000 to 40 GW in 2010, and 17

GW was added in 2010 alone (Wüstenhagen and Menichetti, 2011; REN21, 2011).

Although this is only less than 1% comparing to total global generating capacity of 4,950

GW in 2010, PV technology has grown more than 40% annually since 2000 (EPIA,

2010).However, the largest sources of investments havegradually shifted from

government to private investorin recent decades (Bhattacharya and Kojima, 2011;

Dinica, 2006; Wüstenhagen and Menichetti, 2011). That is why it is important to examine

the technology’s profitability and risk, which are the major concerns in the private

investment. Risk is associated with the difficulty of ex ante prediction of sun radiation

and thereby electricity generation from a specific investment.

Despite of technologicalimprovements and rapid market growths, PV technology

installations seem to limit to only a few countries. In 2010, Europe dominated almost 30

GW ofPV installed capacity (out of 40 GW global total). Germanyalone,the highest PV

installed country in the world,accounts for 17 GW installed capacity (REN21, 2011). On

the other hand, many other countries, including Thailand, are interested in thetechnology,

but the implementationis far more behind. In 2009, the installed capacity for total solar

energy1 in Thailand was only 32 MW (or 0.032 GW) (Chantanakomeet el., 2009).

There are many economic evaluations and studiesexamining the profitability and

risk of PV technology’s investment choices as well as relevant energy policies. The

aspects of those studies are various and can be loosely categorized in those focusing on

decision-making process (Masini and Menichetti, 2011; Wüstenhagen and Menichetti,

2011), those centering on net benefits of certain PV projects (Fouad, 2010; Rehmana,

Badera and Al-Moallemb, 2007) and those concentrating on technology’s risk

(Bhattacharya and Kojima, 2011; Liu and Wu, 2007; Awerbuch, 2000). Also, some of

these analyze energy policies and PV markets (Bürer and Wüstenhagen, 2009; Dinica,

2009; Kinnunen, 2006).

However, such studies on PV technology have never been conducted in Thailand,

and so, this study aims to explore and fulfill this gap.Considering private investors as the

key player of PV technology investment, an assessment on investment choices will

provide better understanding on the nature of PV technology as well as investment

1 This includes both PV technology and other solar energy technologies like solar thermal.
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opportunities and barriers. This will also strengthen the private investors’ strategies and

the policy designs for better supports on PV technology.

This study examines profitability and risk in PV technology in 74 locations across

Thailand. The study also compares different scales of the technology, i.e., 3 kW, 5 MW

and 73 MW installed capacity. The type of PV technology is grid-connected solar energy

system. The system requiresequipment called ‘invertor’ to convert generated energy

fromdirect current (DC) to alternating current (AC),which are compatible with most

electrical devices.

The following sections start with literaturereview, which is an overview of what

have or have not been done on the issue. The third section, solar energy potential in

Thailand, will lay backgrounds about potential of PV technology, market conditions and

regulations in Thailand. Next, the section ‘theory, choice technology in the risk/profit’

covers the methods and theories used to capture the factors determining investment

choices, including the processes of data retrievals. The study ends with presenting the

result and discussion.
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2. Literature review

This section reviews the theoretical frameworks developed by other academics for

investigating investment choices in solar energy. As mentioned in the introduction,

private investors are the largest sources of the PV technology investments. Therefore, any

factors affecting their investment decisions have effects on technology diffusion as well.

This stirs the essential question of how do private investors make investment decisions

when investing in renewable energy?

Wüstenhagen and Menichetti (2011) investigate this question and develop models

to illustrate the investors’ decision-making process below.

Figure 1 Strategic choices model for investment in renewable energy

From the model, there are 3 factors affecting investment decision.Risks and

returns are the primary factors in investment decision, while energy policies affect

investment decisions indirectly through risks or returns. For example, the energy policy

may reduce risks in a PV project, which contributes to more likelihoodthat private

investors may deploy the project in large-scale. Also, since the returns of renewable

energy sometime come in the form of positive externalities like CO2 abatement which is

not likely to be valued by private investor in market-oriented circumstances, the

fundamental goal of policy toward renewable energy is to attach value into such

externality (ibid.).This model is the fundamental for constructing methods in this study,

and this will be fully elaboratedlater on in sectionthree and four.

The framework used for analyzing risks and returns of renewable energy projects

is referred as ‘risk-profitability (or risk-return) approach’. Dinica (2006) suggests that

risk and profitability characteristics of the projects (under influences of supporting

mechanism or energy policy) induce investment behaviors and the rates of technology

diffusion. Also, risk plays crucial role determining investors’ behaviors in renewable
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energy investment (ibid.).The assessment of risk should include an appraisal of the

covariance of the expected returns of the investment under evaluation with those of

existing investments(Simpson and Walker, 1987). With the characteristics of risk and

profitability, the investment context can be categorized into four terms as below.

Figure 2Risk and profitability characteristics (modified from Dinica, 2006)

 Area 1, optimal investment context, contains low/moderate risks and high/very high-

expectedreturn. This context should be preferable by all types of investors.

 Area 2, entrepreneurial investment context, has high/very high risks and high/very

high profit possibility. This is most likely to attract risk-lover investors.

 Area 3, political investment context, with low/moderate risks but low/moderate

profitability potential is suitable for those investors who are risk averse.

 Area 4, minimal investment context, encloses low/moderate risks and low/moderate

expected profitability. This context is not very appealing for investors.

Bhattacharya and Kojima (2011) conduct a similar study to estimate risks and

returns of different types of electricity generation. The study investigates the embedded

investment risk and related financial burden of renewable energy in the conventional

electricity sector. In Japan, solar photovoltaic (PV) has the highest cost comparing to

other types of energy generation, but it is the least risky one. This is interesting when it is

compared to oil-based electricity generation, which is slightly better than solar energy in

terms of cost and return, but consists of much higher risk.
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Figure 3Risk-return behavior of each generating technology in Japan (Bhattacharya and Kojima, 2011)

Bhattacharya and Kojima (2011) propose that investors should focus on electricity

supply portfolio risk minimization instead of cost. High risks, such as unclear and

consistent energy policies, electricity price fluctuation and production variation, often

lead to discontinuation in power sector investment. Therefore, a proper risk management

mechanism is necessary and should be the first priority in renewable energy investment

promotion especially when energy investments are often capital intensive with long

capital recovery period. This means the investment is often irreversible with high sunk

cost, and to reduce the risks, energy policies like long-term-return guarantee should be

implemented (Kinnunen, 2006).

Inspired by Bhattacharya and Kojima’s work, photovoltaic (PV) technology can

be investigated in a similar way. As mentioned earlier, Bhattacharya and Kojima focus on

different types of renewable energies for electricity generation. What could have been

further researched is the comparison between different locations, scales and system

details of PV technology, which has become the main purpose of this study.

These theoretical frameworks are the foundation for cost-benefit models used in

this study, as it will be explained further in section four. Before diving into economic

models and analysis, some backgrounds about Thailand should be elaborated first. The

next section presents the potential for solar energy in Thailand, which including the

relating support policy and solar energy market of the country.
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3. Potential for solar energy in Thailand
Whilst the previous sections lay down some overview and what has been done on

the issue in general, this section focuses on the potential for solar energy both in terms of

solar radiation and solar energy policy in Thailand. The section ends with Thailand’s

solar energy market and types of private investors.

3.1 Solar potential of Thailand

Geographically, Thailand has high potential for solar energy. Thailand is located

slightly above the equator, which means the daylight hour is constant throughout the

year. The potential solar energy of a certain area does not only depend on hours exposing

to sunlight, but also relieson amount of solar radiation in the area.

The amount of solar

radiation can be presented

with asolar map. The solar

map of Thailand shows the

distributions of solar intensity

in different regions of the

country in term of energy

(kilowatt hour: kWh) per

square meter (m2) per day.

According to EGAT (1999),

solar radiation in Thailand is

majorly affected by northeast

and southwest monsoons.

Moreover, most areas have

maximum sun exposure

during April and May with

the range of 20 – 24 mega

joules (MJ) or 5.56 – 6.67

kWh/m2/day.
Thailand solar map (EGAT, 1999)



14

The northeastern part of Thailand has the highest average of solar radiation with

around 20 MJ/m2/day or 5.55 kWh/m2/day. This prime area covers provinces like Nakhon

Ratchasima, Surin, Buri Ram, Si Sa Ket, Ubon Ratchathani and Udon Thani. High

potential areas are also found in the central part of the country such as Suphan Buri,Chai

Nat and Ayutthaya provinces. The study also found that 50.2% of the total area has

average annual solar radiation in the range of 5 - 5.3 kWh/m2/day, slightly above the

whole country’s average (ibid.). Furthermore, thenortheastern and northern regions

receive 6-8 hours of sunlight per day,around 2,200 to 2,900 hours per year (Shrestha et

el., 2006)

3.2 Thailand’s renewable energy policy

Beside physical potential, solar energy also receives high attention from Thai

government and policy planners. On January 2009, the Cabinet approved a 15-year

Renewable Energy Development Plan (REDP2) (Chantanakomeet el., 2009). The plan

aims to increase the energy generation share of renewable energy from 6.3% of total

energy production in 2008 to 20.3% in 2022. According to REDP, the potential capacity

of solar energy in Thailand is as high as 50,000 MW. The goal is to raise the capacity of

solar energy from 32 MW in 2009 to 500 MW in 2022. Moreover, the plan expects the

total investment from both public and private sectors to be 62,330 million baht

fromwhich around 56,000 million baht will be a long-term investment (ibid).

Solar energy is also included in Thailand’s Power Development Plan 2010 - 2030

(PDP) as one of the key renewable energy for the future. PDP is a long-term energy plan

coping with overall energy demand forecast, extended power generation and demand side

management (DSM)(EGAT, 2010). The plan also promotes renewable energy and

investment from the private sector, andone of the promoting policies is a feed-in tariff

(FIT) or ‘Adder’.

FIT is a policy mechanism aim to promote investment in renewable energy

technologies used in many countries. The adder used in Thailand is considered as market-

dependent FIT policies (also known as premium price policies or feed-in premiums),

which acts as financial incentive or subsidy.The adder rate is an additional surplus on top

2 Sometime also called Alternative Energy Development Plan (AEDP)
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of ordinary electricitymarket price (Couture and Gagnon, 2009). FIT is considered as the

most preferable and effective by private investors because it gives steady cash flow and

risk reduction for the new-entry investors in energy market(Bürer and Wüstenhagen,

2009).

The table below shows the adder rates for different types of renewable energy.

Solar energy has the highest adder with 8 baht/kWh for the 10 years period after

installation. This adder rate will be referred as ‘original adder’. The rate has applied to

the 3 most southern provinces3 as well, but those provinces receive an extra rate1.50

baht/kWh on top of the original adder (8 baht/kWh).

Fuel types/ Size Adder
(Baht/kWh)

Period
(Years)

Extra Adder
(Baht/kWh)

Special Adder in the 3 most
SouthernProvinces(Baht/kWh)

1. Biomas
Capacity ≤ 1 MW
Capacity ≥ 1 MW

0.50
0.30

7
7

1.00
1.00

1.50
1.30

2. Biogas
Capacity ≤ 1 MW
Capacity ≥ 1 MW

0.50
0.30

7
7

1.00
1.00

1.50
1.30

3. Municipal solid waste
AD/Land fill gas
Thermal process

2.50
3.50

7
7

1.00
1.00

3.50
4.50

4. Wind energy
Capacity ≤ 50 kW
Capacity ≥ 50 kW

4.50
3.50

10
10

1.50
1.50

6.00
5.00

5. Mini hydro
Capacity 50 – 200 kW

Capacity < 50 kW
0.80
1.50

7
7

1.00
1.00

1.80
2.50

6. Solar energy (original adder) 8.00 10 1.50 9.50

Table 1Adder rates for renewable energy in Thailand (EGAT, 2010)

However, The National Energy Policy Council (NEPC) decided to adjust the

adder rate from 8 baht/kWh to 6.5 baht/kWh for solar energy projects submitted after

June 2010 including the projects that were still on the process of approval (EPPO,

2010;Jäger-Waldau, 2011). This is because the original adder rate stimulates a rapid

growth in solar energy market much more than expected in the plans. In September 2011,

there were more than 400 PV projects, with around 2,000 MW total installed capacity,

waiting for adder approval (EPPO, 2011b). This could post financial burdens on Thai

Government and could cause higher electricity prices in the long run (EPPO, 2011a).

3 The 3 most southern provinces comprises of Yala, Pattani and Narathiwat provinces, which located near
Malaysia’s boarder. Those provinces often have violent political dispute and are relatively less developed.
Therefore, extra adder is granted to encourage private investments.



16

Since October 2011, the Ministry of Energy has stopped accepting new applications, and

focused on completing the approval process on the submitted projects (ibid.). This 6.5

baht/kWh adder rate will be referred as ‘new adder’

Adder
(Baht/kWh)

Period
(Years)

Extra Adder
(Baht/kWh)

Special Adder for SPPs/VSPPs
in the 3 most

SouthernProvinces(Baht/kWh)
Solar energy (New adder) 6.50 10 1.50 8.00

Table 2New adder rates for solar energy (EPPO, 2010)

3.3 Private producers and solar energy market in Thailand

In general, private producers sell their generated electricity to theGenerating

Authority of Thailand (EGAT). EGAT is the state enterprise in charge of producing and

outsourcing energy to match with domestic energy demand(Amranand, 2008). In other

words, EGAT is responsible for energy generation, energy imports from other countries

as well as promoting private investment. EGAT sell all of its energy at a wholesale price

to the Metropolitan Energy Authority (MEA) and the Provincial Energy Authority (PEA),

which are in charge ofenergy distribution to consumers in urban and rural areas

respectively.

Private investors can be categorized into three groups according to the producers’

net output. The diagram below shows a simple model of the energy market in Thailand.

1) Independent Power Producer (IPP) is a large capacity producer with the ready-

to-sell net output of more than 90 MW. There are only a few private producers in this

category, and none of them produces from solar energy (EPPO, 2011b).

2) Small Power Producer (SPP) is a private producer of net output between 10 –

90 MW. According to EPPO (2011), in 2011, there were 7 SPPs supplying 436 MW from

solar energy (both photovoltaic and solar thermal) to EGAT. Some of the solar energy

generated by SPPs is distributed directly to end consumers (EPPO, 2010). For each kWh

of electricity produced, the producers receive the return equal to wholesale electricity

price plus adder (ibid.).

3) Very Small Power Producer (VSPP) refers to a small producer offering a net

output of 10 MW or less. In 2011, there were 481 VSPPs’ PV projects with a total

installed capacityofaround 1,800 MW.However, only 85 of these projects (with 67 MW
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installed capacity) were already approved and operating, while the rest were still on the

process of approval. VSPP is the only producer group that sells its energy directly to

MEA or PEA, but the electricity price and adder rate for VSPP are the same as SPP.

In conclusion, Thailand has great potential in solar energy and PV technology.

Private investors have positively responded to the feed-in tariff policy though there have

been delayswith the approval processes. After the overview of regulation and solar

energy market in Thailand, the next section explains theories and methods used in

comparing the profit abilities and risks of PV projects in different scales and locations.
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4. A cost-benefit model of choice technology in the risk/profit

This section provides the theoretical frameworks and methods to investigate

profitability and risk of PV technology in three different scales in Thailand. Section 4.4

explains how to retrieve all data used in calculations including some data adjustments and

limitations.

There are many factors to consider for investing in photovoltaic technology. The

investors have to decide about the scale of the plant and also the location that gives the

best profit to the investment within acceptable levels of risk. To examine profitability and

risk of photovoltaic technology in Thailand, the main method used in this study is cost-

benefit analysis (CBA).

CBA is the method generally used in policy assessment by quantifying all

consequences of the policy in monetary terms4. CBA can assist decision makersallocating

resources to policy or project to create the best option. CBA measures the aggregate

value of projects through net benefit (NB)5. According to Boardman (2006), NB of an

alternative project in a specific time period, t,can be written in simplified mathematical

term as project’s benefits deducting by its costs:

NBt = Bt – Ct ---------- (1)

In general, NB indicates the attractiveness of the project, and so helps decision

makers. Projects with positive NB are suggested as opposed to the ones with negative.

Moreover, to compare between two projects (or more) with positive NBs, it is commonly

recommended to choose the one with larger NB.

One important remark should be made here.The subscript t in equation (1) refers

to the time perspective of the projects. Equation (1) represent the net benefit occurred

only in a certain period of time (year t) during the projects. In this study, the PV projects’

durations are assumed to be 25 years for all three scales. The initial investment occurs in

2011 as a reference year (year 0) and ends in 2036 (year 25). The net benefits over time

can be expressed in the timeline below.

4 Not only policies, CBA also applies to programs, projects, regulations, demonstrations and other
interventions by government and private sector (Boardman, 2006)
5 Sometime also referred as ’net social benefit’
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Figure 4Net benefits in timeline diagram (modified from Boardman, 2006)

In this study, CBA model simulates the investment choices in photovoltaic

projects in Thailand. The set of alternative projects are photovoltaic projects in 3 scales,

i.e., 3 kW, 5 MW and 73 MW, and in 74 locations across the country6.

The benefits and costs counted in this study (normally referred in CBA as

‘standing’) are those from the private investors’ perspective only. Therefore, the study

measures the benefits and costs affecting private investors, but excludes such effects to

other parties such as the environmental benefits from using cleaner energy, the

government’s burden from subsidization and so on. Critics may argue that the study

neglects all aspects of the projects. Nevertheless, under these two assumptions that (1)

private investors are the main driver in the development of photovoltaic technology and

market; and that (2) their objective function is to maximize their profit, neither positive

nor negative externalities affecting other parties are relevant to their decision-making. In

general, investorsalso concern about risk or variability in profits, and this study therefore

assesses both expected profits and risk in the alternative PV projects.

4.1 Expected net benefits

After indicating the set of alternative projects and the standing counted in this

study, the next step is to define the benefits and costs of the projects. The benefits of the

projects are the expected income earned from selling electricity to the national grid.

Expected electricity generation from photovoltaic projects in the scale i andlocation

L(EiL)is determined by deterministic variables such as labor for construction and

operation (Lb), invested capital (K), type of solar panels (T) and the slope applied to solar

6 For the list of the locations and geographical data, see appendix
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panels (S); and some stochastic variables such as solar radiation (SR) and atmospheric

condition7 (D) at each location.

EiL = fi(Lbt
i, Kt

i, Ti, SL,SRt
L, Dt

L, εiL) where εiLisN(μ, σ2)

= Electricity generation from photovoltaic projects in the scale i

andlocation L

Where i = scale of the project (either 3 kW, 5 MW or 73 MW)

L = location in Thailand (74 locations across the country)

εiL = random factor (assumed to be normally distributed)

The function of the electricity generation (EiL) above is the fundamental

assumption of this study. As the electricity generation contains of stochastic variables, it

possesses a random characteristic as well. For example, if two identical projects are built

in different areas, the expected total electricity generation of each plant will be

distinctive, so as the expected benefits of the projects which can be written in equation as:

Expected benefit or B (EiL) = electricity price (P) * EiL ---------- (2)

Besides the benefits of the projects, the costs (Ct
i) consist of three categories: (1)

initial cost (or investment cost), (2) inverter replacement cost, and (3) operation &

maintenance cost (O&M cost). The costs consist of two factors of production, which are

labor (Lbt
i) and capital (Kt

i). An important assumption regarding Ct
ishould be remarked

here thatthe costs in each scale are applied to all locations. Therefore, the superscript L

(location) is not applied to cost variables. The cost function can be expressed in the

simplified equation below.

Ct
i = f i (Lbt

i, Kt
i)

= (w * Lbt
i) + (r * Kt

i)

where w = wages

r = capital costs

The initial cost (C0
i) may be broken down into expenses for feasibility study, cost

of land, development cost, engineering cost, PV equipment cost and other miscellaneous

costs for building the PV projects.The initial cost occurs only one time at the beginning

of the projects (year 0 or 2011), while the projects’ owners pay for inverter replacement

7 Such as cloudiness, water vapor, dusts, pollutions, particles in the atmosphere and so on (EERE, 2011).
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in every five years and O&M cost every year (Rehmana, Badera and Al-Moallemb,

2007).

The cost data of each scale are retrieved from literature and real case studies (see

data retrieval in section 4.4). An observation should be pointed out here that costs in this

study do not vary with electricity generation (EiL). Those costs can be treated as constant

values applied to each project’s scale. In other words, there is no variable cost applied in

this study.After the benefits and costs of alternative projectsdefined, equation (1) can be

rewritten as:

NBt (EiL) = Bt (EiL) – Ct
i ---------- (3)

To take the time perspective into account, future benefits and costs are discounted

into present term using ‘present value (Pv)’. The present value can be obtained by

discounting future value to present value (Boardman, 2006). Discounting the future

values is necessary because there is an opportunity cost of receiving benefit in the future

instead of present. For example, to earn $100 now and to earn it a year later has different

value. This is because to earn it now means that $100 can be reinvested or grown into

higher value in the future. Assuming that the present $100 reinvested in the bank with the

7% interest rate per year, then the present $100 equals to $107 one year later. The

opportunity cost is the $7 different between earning in different times. The present value

of benefits and costs for projects can be obtained respectively:

Pv (Bi) - Pv (Ci) = ∑ ( )( ) − ∑ ( )
Where Bt (EiL) /Ct

i = benefits or costs occurred in year t

r = discount rate

t = year 0-25

T = project’s duration (25 years)

The difference between the present value of benefits and costs is called ‘net

present value (NPV)’ of an alternative project. NPV represents a project’s profitability,

and a project is recommend when it has NPV>0. Also, comparing between alternative

projects that are mutually exclusive, the analyst generally recommend the project with

largest NPV (Boardman, 2006). NPV equation can be reformulated as below:

NPVi = Pv (Bi) – Pv (Ci)
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= ∑ ( )( ) − ∑ ( )
= ∑ ( )
= ∑ { − } ∗ ---------- (4)

Where = Discounting factor (( ) )

Combining equation (3) and (4) together, the underlining equation indicating PV

projects’ profitability can be rewrittenas:

= = − ∗
NPVirepresents the expected net benefit of each alternative project in this study.

How to retrieve the set of data to calculate NPV is explained in section 4.4, data retrieval.

4.2 Production risk

What does risk mean in private investor’s perspective? The definitions of risk

may differ depending on how each individual perceives risk. For some, risk meansa

possibility of dangers, drawbacks or losses.However, Harry Markowitz, an American

economist, proposed in his famous portfolio theory that private investor remarks risk as

a“volatility of return or net benefit from investment” (Markowitz, 1959). Originally,

Markowitz developed portfolio theory to maximize the expected return from portfolios

contained of large number of securities under uncertainty features (ibid). Markowitz

established two fundamental assumptions applying to portfolio investors; (1) they want a

project’s return to be high, and (2) they want the return to be dependable or within

acceptable level of risk. Markowitz’s definition of risk and these assumptions apply to

investors in photovoltaic projects in this study.

Similar to most investments, there are risks associated with prices of outputs and

inputs for PV technologies. Specifically for PV technology,the volatility of return

depends heavily on the uncontrollable factors like climate and the pattern of solar

radiation in each area8. These factors result in the stochastic nature in electricity

8Referred as stochastic variables in previous section
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generation (EiL) as well as the project’s return.Therefore, the investors face an uncertainty

in the income flow, or a risk in Markowitz’s definition. This paper includes only this risk

and not those associated with prices of inputs and outputs (as will be described in section

4.4).For a risk-averse investor, it is important to measure the variance of expected net

benefit, which will be referred as production risk.

Why is production risk important?Production risk is one of the fundamental

factors to consider when investing in PV technology. To illustrate that, two hypothetical

PV power plants located in different locations are presented (plant A and B). Both power

plants have the same average output or expected net benefit, but the expected net benefit

is more varied in plant A (plant A has more production risk than plant B). Without taking

production risk in to consideration, those plants yield the same expected net benefit and

this could lead to an adverse decision. In other words, if two projects have the exact same

profitability, it is recommended to invest in the one that has lower variability or

production risk.

If the annual production between years is known, then there's no risk. However,

the risk occurs because the production varies between years and the climate conditions

cannot be predicted ex ante for a specific year.In Markowitz’s Mean-Variance model, a

risk of portfolio can be represented by either standard deviation (SD) or variance (Var) of

the return. SD is the square root of Var representing how much data or series of numbers

deviate from its average (ibid.). A low SD indicates that the data set is closed to its

average, which means it is less risky. Equation (3) is reformulated to illustrate the

calculation of production risk for photovoltaic projects.

Var [NBt (EiL)] = Var [Bt (EiL) –Ct
i] ---------- (5)

= Var [Bt (EiL)] – Var (Ct
i)

= Var [Bt (EiL)] ; Ct
i is a constant value, therefore Var Ct

i = 0

= Var (P * EiL) ; from equation (3)

= P2 * Var (EiL) ---------- (6)

Therefore, the square root of variance in equation (6) is the SD of the project’s

return. The SD or production risk can be presented in the equation below.

SD [NBt (EiL)] = [P2 * Var (EiL)]1/2

= P * SD (EiL)
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SD [NBt (EiL)] represents the production risk of each alternative project in this

study. The data for calculating production risk are shown in section 4.4, data retrieval.

4.3 Risk-profit behavior

The average returns and standard deviation of the returns are the fundamental

factors in investment decision. Markowitz (1959) was one of the pioneers who propose

this method in portfolio analysis. When choosing stocks and securities to invest in

portfolio, investors consider average return and variability (risk) of those securities to

maximize their objective, which is generally to maximize profit under an acceptable level

of risk.

Figure 7 shows the example of average returns and risks of hypothetical PV

power plants in different locations. Assuming that location A and B have the same

average return, location A would be more preferable since it has less variability or

production risk. Then, plotting all the smallest risk points at all level of average return

constructs the risk-profit behavior curve.

All the power plants outside of the curve (for example, B and C) are inefficient

because there are locations that give the same average return with less risk. In other

words, the curve represents the maximized average return at all level with minimized

risk. If there were no other constraint, a rational investor would invest in the PV power

plantsalong the curve. Thelocation is determined by the investor’s risk aversion, the

higher risk aversion the lower expected profit and risk.

Figure 5Risk-profit behavior curve
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study. The data for calculating production risk are shown in section 4.4, data retrieval.
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The average returns and standard deviation of the returns are the fundamental

factors in investment decision. Markowitz (1959) was one of the pioneers who propose

this method in portfolio analysis. When choosing stocks and securities to invest in

portfolio, investors consider average return and variability (risk) of those securities to

maximize their objective, which is generally to maximize profit under an acceptable level

of risk.

Figure 7 shows the example of average returns and risks of hypothetical PV

power plants in different locations. Assuming that location A and B have the same

average return, location A would be more preferable since it has less variability or

production risk. Then, plotting all the smallest risk points at all level of average return

constructs the risk-profit behavior curve.

All the power plants outside of the curve (for example, B and C) are inefficient

because there are locations that give the same average return with less risk. In other

words, the curve represents the maximized average return at all level with minimized

risk. If there were no other constraint, a rational investor would invest in the PV power

plantsalong the curve. Thelocation is determined by the investor’s risk aversion, the

higher risk aversion the lower expected profit and risk.
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SD [NBt (EiL)] represents the production risk of each alternative project in this

study. The data for calculating production risk are shown in section 4.4, data retrieval.

4.3 Risk-profit behavior

The average returns and standard deviation of the returns are the fundamental

factors in investment decision. Markowitz (1959) was one of the pioneers who propose

this method in portfolio analysis. When choosing stocks and securities to invest in

portfolio, investors consider average return and variability (risk) of those securities to

maximize their objective, which is generally to maximize profit under an acceptable level

of risk.

Figure 7 shows the example of average returns and risks of hypothetical PV

power plants in different locations. Assuming that location A and B have the same

average return, location A would be more preferable since it has less variability or

production risk. Then, plotting all the smallest risk points at all level of average return

constructs the risk-profit behavior curve.

All the power plants outside of the curve (for example, B and C) are inefficient

because there are locations that give the same average return with less risk. In other

words, the curve represents the maximized average return at all level with minimized

risk. If there were no other constraint, a rational investor would invest in the PV power

plantsalong the curve. Thelocation is determined by the investor’s risk aversion, the

higher risk aversion the lower expected profit and risk.
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Investment in PV technology can use the risk-profit concept as well. Comparing

within the same scale, the NPVs and production risks of PV projects in different locations

can be plotted as the figure above. However, to decide exactly where to invest depends

on the investors’ preferences toward risk(Dinica, 2006). A risk-averse investor would

choose to invest in the projects relatively on the beginning of the risk-profit curve where

the risks and returns are low, while a risk-lover investor would prefer the projects with

higher risks as well as higher returns.

4.4 Data retrievals

This section explains sources of data used in the calculation explained earlier.

This also includes some estimations and adjustments in order to derive sets of data that

are compatible with the theories and methods. From section 4.1 and 4.2, expected net

benefitand production risk for each alternative project are expressed in equation form as:

The variables needed in these equations are discounting factor ( ),expected

benefit of electricity generation ( ), average electricity price (P), expected annual

electricity generation ,costs of 3 different PV project scales ( ) and standard

deviation of electricity generation ( ( )).

4.4.1 Discounting factor ( )

Choosing the right discount rate is crucial for cost-benefit analysis as it has huge

impact on the final values of net benefits (Brent, 2006). The discount rate used in this

study is called 'real interest rate'. Real interest rate is the discount rate that does not

= 1(1 + )

= ∗ ( )
= − ∗
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include the effect of inflation (Boardman, 2006), as opposed to nominal interest rate. The

study uses 3.8% as the real discount rate, which is derived from the yield rate9 of

government bonds with a maturity period of 30 years, from 2011-2041 (BOT, 2012a).

The reason for using this rate is that the maturity period is similar to 25 years, the

duration of PV projects assumed in this study. The yield rate of government bond

represents expected growth in the same period without the effects of risk and inflation

(BOT, 2012b).

Real interest rate affects other data used in this study. According to Boardman

(2006), to conduct cost-benefit analysis, the discount rate must be consistent with the

measurement of benefits and costs, i.e. either nominal or real term. Therefore, all the

production and cost data should be converted to real term to rule out the effect of

inflation as well. The data conversions are applied to the average electricity price (P)

andcosts of 3 different PV project scales ( ).

4.4.2Expected benefit of electricity generation ( ( )) and adder scenarios

The benefit of the PV project is the income earned from selling electricity to the

national grid. Assuming that the project’s owners sell all the electricity to the grid, the

expected benefit is the expected annual electricity generation(EiL) multiplies byelectricity

price (P) with or without adder (subsidy). The benefits of the projects can be written in

equation as:

This equation is slightly different from equation (2) in section 4.1 because it

includes the effects of feed-in tariff (FIT) or adder, mentioned in section 3.2. Therefore,

the producers receive the sum of average electricity price and adder ratefor each kWh of

electricitythey produced. The adder support is only granted during the first 10 years ofPV

project.

9 Also referred as coupon rate

Bt (EiL) = [Average electricity price (P) + adder rate] * EiL
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Adder scenarios

As explained in section 3, adder is a financial incentive for promoting private

investor in solar energy generation. This study includes 3 adder scenarios, which directly

affect the benefits of the projects. The table below is the summary of 3 adder scenarios.

Adder scenarios Adder
(Baht/kWh)

Period
(Years)

Extra Adder
(Baht/kWh)

Special Adder for SPPs/VSPPs in the
3 most Southern Provinces

(Baht/kWh)
Original adder 8.00 10 1.50 9.50

New adder 6.50 10 1.50 8.00
No adder 0 0 0 0

Table 3Adder scenarios for solar energy production (combining table 1 and 2)

The purpose of the adder scenarios is to observe the effects of FIT supporting

policy.Adder scenarios act like independent variables, while other controlvariables, i.e.,

costs of projects and expected electricity generations remain constant. The hypothesis of

the adder scenario is that it should significantly improve a projects’ profitability in all

locations and at all scales. Furthermore, in circumstances where there is no support from

energy policy (‘no adder’ scenario), it is interesting to test the economic viability of the

projects.

4.4.3Electricity price (P)

The electricity price is calculated from the total electricity wholesale prices of

June 2002 until December 2011.The total wholesale prices are the price that private

producers receive from selling electricity to the national grid. The wholesale price is the

sum of average wholesale tariff plus average wholesale fuel adjustment cost (Ft) (EPPO,

2011b). As mentioned before in discount factor, the series of wholesale price have to be

adjusted from nominal to real term in 2011. This adjustment can be done with “GDP

deflator”, which represents the level of all final goods and services domestically

produced in the country in a certain year10 (IMF, 2011). The nominal total electricity

wholesale prices can be adjusted to the real term in 2011 using this equation below:

= ∗ GDP in 2011
10 For Thailand GDP deflator 2002-2011, see appendix
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For example, the nominal wholesale price in January 2010 is 2.5618 baht/kWh

(EPPO, 2011b), while Thailand’s GDP deflators (index) are 219.812 in 2010 and 230.866

in 2011 (IMF, 2011). The real electricity price of January 2010 is 2.6906 baht/kWh

(2.5618 ∗ .. ). The table below is the example of real term wholesale prices in 2010.

Year 2010 Average
Wholesale Tariff

Average
Wholesale Ft

Total Wholesale
price (nominal term)

Total wholesale
prices (real term)

January 1.6471 0.9147 2.5618 2.6906
February 1.6888 0.9148 2.6036 2.7345

March 1.7099 0.9148 2.6247 2.7567
April 1.6051 0.9147 2.5198 2.6465
May 1.6045 0.9156 2.5201 2.6468
June 1.6988 0.9157 2.6145 2.7460
July 1.6348 0.9157 2.5505 2.6788

August 1.6620 0.9157 2.5777 2.7073
September 1.7058 0.9158 2.6216 2.7534

October 1.6668 0.9158 2.5826 2.7125
November 1.7037 0.9158 2.6195 2.7512
December 1.6633 0.9158 2.5791 2.7088
Average 1.6659 0.9154 2.5813 2.7111

Table 4Nominal and real term total wholesale prices (modified from EPPO, 2011b)

This adjustment is applied to all nominal prices from June 2002 to December

2010, while the nominal prices in 2011 remain unchanged as the reference year prices.

The average of all adjusted wholesale prices from June 2002 to December 2011 is 2.74

baht/kWh. This is the average electricity price a producer gets when selling electricity to

the relating authority without adder supports.
Year Total wholesale price (real term) Year Total wholesale price (real term)
2002 2.7318 2007 2.7577
2003 2.7438 2008 2.6347
2004 2.7992 2009 2.8105
2005 2.7515 2010 2.7111
2006 2.9299 2011 2.5373

Table 5Real term total wholesale prices from June 2002 to December 2011
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4.4.4 Expected electricity generation (EiL) and PV system descriptions

The amount of electricity produced in each location and scale are estimated from

the software called ‘RETScreen’. RETScreen11 is the decision support tool designed for

analyzing renewable energy projects. The program provides primary assessment of

renewable energy projects’ potential, feasibility study and economic analysis. The

program offers production data up to 74 locations across Thailand. This study uses the

program to estimate production data such as daily solar radiation, capacity factor and

monthly electricity generation for those 3 scales and 74 locations.

How does the program work? First of all, a useris required to fill all the

deterministic variables, which are the PV system descriptions, namely, a specification of

solar panel and inverter, a slope of the panels, and a capacity of the whole system. The

PV system descriptions of all three scales are shown later on in this section. Then, the

program providesstochastic data atdesignated locations, for instance, climate conditions

and the daily solar radiations. Such data are gathered through satellites and ground data

collections bya wide range of research institutes and national agencies, such as, the

National Aeronautics and Space Administration (NASA), the Renewable Energy and

Energy Efficiency Partnership (REEEP), and the United Nations Environment

Programme (UNEP). Finally, the program estimates the expected electricity generation

in each month from all the inputs as explained in section 4.1. The table below is the

example of RETScreen estimationfor the 5-MW PV power plant in Aranyaprathet, a

province in eastern part of Thailand.
Monthly average Min Max Standard deviation

Electricity generation (MWh) 666.4 579.8 770.1 67.9

Table 6Example of monthly production data for a 5-MV PV plant at Aranyaprathet estimated from

RETScreen (see data from appendix 2 and 5)

From table 6, the minimum and the maximum monthly expected electricity

generation are 579.8 and 770.1 MWh accordingly, while the average is 666.4

MWh/month. Unfortunately, RETScreen does provide neither the daily electricity

generations nor the distribution of those random values.Estimating the expected

11 RETScreen is managed under The RETScreen International Clean Energy Decision Support Centre,
which is supported and financed by Government of Canada. The program can be downloaded at the
RETScreen International’s website, http://www.retscreen.net
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electricity generation in all locations provides the range of expected yields in each scale.

The maximum-minimum monthly and average expected yields of all three scales at all

locations are provided in appendix 3, 4 and 5.

Since the annual expected electricity generation (EiL)is a random variable12, it is

important to remark that the actual value used in the NPV calculation is expected value of

annual electricity generation. Expected value is the average of all possible values of

random variables (Markowitz, 1959). Therefore,the expected annual electricity

generation (EiL) is 7997 MWh (666.4 MWh * 12 months).

The study assumes that expected EiLof a PV project is constant each year

throughout its lifetime (25 years). In reality, solar radiation varies each year due to, not

only climate conditions, but also the solar activity from the sun itself and change in ozone

concentrations on earth (Haigh, 1999). The pattern of variation occurs in cycle

inapproximately 11-years loop (Haigh, 1999; Meehl et el., 2009; Lassenand Friis-

Christensen, 1991). Although the author is well aware of the solar cycle, the RETscreen

does not offer method of estimationtotake this effect into account. Therefore, the further

uses of this data should be aware of this limitation.

The expected benefit ( ) and standard deviation of electricity generation

( ( )) is calculated from monthly data on electricity production at each location,

which is 67.9 as shown in the example from Table 6.Unfortunately there is no data on

variability during years for each location, which would have been a better set of data for

obtaining standard deviation. The specifications of photovoltaic projects in each scale

used in RETScreen estimations are elaborated in the next section.

PV System descriptions

 PV system of 3 kW installed capacity

3 kW installed capacity is considered as a relatively small scale for the grid-

connected PV technology. This scale is mostly installed on rooftops in residential areas

(EGAT, 2004). The demonstration project launched by the Electricity Generating

Authority of Thailand (EGAT) in 2004 is the model used for 3 kW installed capacity. The

demo project installed 3.120 kW PV on the roofs of 34-subjected households across the

12 Explained in section 4.1
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country to study the potential of the solar technologies. The specification of PV panels

and invertors used in the project is presented in the table below.
PV panel Type of PV panel Poly-Si (Poly-crystalline silicon solar panels)

Manufacturer Mitsubishi Thailand
Model13 MITSUBISHI PV-MF 12 EA2

Capacity per unit 120 W
Sun tracking system Fixed14

Panel efficiency 12%
Number of solar cells 26

Frame area 1 m2

Solar collector area 26 m2

Project life 25 years
Inverter Inverter capacity 2,700 W

Conversion efficiency 90%

Table 7Solar panel and inverter specification for 3 kW installed capacity PV projects (EGAT, 2004)

 PV system of 5 MW installed capacity

5 MW installed capacity PV system is categorized as VSPP, but it is large enough

to be referred as a power plantor commercialized scale. The system specification and cost

data for this PV system are from the extensive study of 5 MW installed capacity PV

based grid-connected power plant for electricity generation in Saudi Arabia. The table

below presents the specification of 5 MW PV systems used in RETScreen estimation.
PV panel Type of PV panel Mono-Si (Mono-crystalline silicon solar panels)

Manufacturer BP Solar
Model Mono-Si- BP 590F

Capacity per unit 90 W
Sun tracking system Fixed

Panel efficiency 14.7%
Number of solar cells 55,556

Frame area 0.63 m2

Solar collector area 35,000m2

Project life 25 years
Inverter Inverter capacity 4,750 kW

Conversion efficiency 95%

Table 8Solar panel and inverter specification for 5 MW installed capacity PV projects (Rehmana, Badera

and Al-Moallemb, 2007)

 PV system of 73 MW installed capacity

73 MW installed capacity is considered as a very large scale in PV grid-connected

technology, and PV technology in this scale can be referred as one of the world largest.

13 This specific Mitsubishi PV model is not available in RETScreen, therefore the model is substituted by
the panels with similar specification (poly-Si - Superstratum 120 W) in the actual estimation
14 The slope in each location is assumed to equal to the site latitude and south facing. The azimuth angles
are zero for all sites
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This scale of PV technology is highly relevant to Thailand since the 73 MW installed

capacity PV power plant is currently under construction in Lop Buri province, a province

in the central of Thailand. The Lop Buri Solar Power Plant Project (LBP) has been

develop by Natural Energy Development Co., Ltd. (NED), and it will be fully operated in

May 1, 2012 (UNFCCC, 2006). LBP’s specification of solar panels and inverter are

shown in the table below.
PV panel Type of PV panel a-Si (Amorphous silicon solar panels, thin-film

solar panels)
Manufacturer SHARP

Model Sharp NA-F135 (G6)
Capacity per unit 135 W

Sun tracking system One axis
Panel efficiency 9.5%

Number of solar cells 539,584
Frame area 1.4241 m2

Solar collector area 768,421 m2

Project life 25 years
Inverter Inverter capacity 250 kW

Conversion efficiency ≥95%

Table 9Solar panel and inverter specification for 73 MW installed capacity PV projects (UNFCCC, 2006;

SHARP, 2012)

LBP is one of the largest PV power plants in the world. It is interesting to see how

profitable and risky it would be under different adder scenarios and what would be the

outcomes of building this large-scale projects in other locations besides Lop Buri.

4.4.5 Costs of 3 different PV project scales ( )

PV system of 5 MW installed capacity

As mentioned earlier, the cost data of 5 MW installed capacity PV system is from

the study conducted in Saudi Arabia back in 2007. From the original study, the initial

cost of this specific project is $39,864,634 USD, while the inverter replacement cost and

O&M cost are $1,000,000 USD and $334,500 USD (Rehmana, Badera and Al-Moallemb,

2007). However, the price index, inflation rate and other economic factors in Saudi

Arabia and Thailand are fairly distinct. Therefore, applyingthis cost data to the context in

this study requires 2 adjustments: PPP adjustment and GDP deflator adjustment.
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Firstly, since Saudi Arabia and Thailand are different in term of purchasing power

and general price level, purchasing power parity (PPP) is used to cancel out such

difference. According to World Bank (2012), PPP is:

“The number of units of a country's currency required to buy the same

amounts of goods and services in the domestic market as U.S. dollar would

buy in the United States.”

Therefore, purchasing goods and services in one country may cost less than to buy

those same products in another countries. Simply using exchange rate to convert the cost

from one country to another overlooks the effect of purchasing power and price index.

The PPP index between Thailand and Saudi Arabia can be conducted by this equation:

ℎ = ℎ
According to World Bank (2012), PPP conversion factor of Thailand in 2007 is

16.32, while it is 2.63 in Saudi Arabia. Therefore, the PPP index Saudi Arabia-Thailand

is: 16.32/2.63 = 6.2053. Using the exchange rate on 14 February 2012 ($1 USD = 30.86

baht), the initial cost of the project is 1,230,389,938 baht ($39,864,634 USD * 30.86),

while the inverter replacement cost and O&M cost are 30,684,198 baht and 10,324,074

baht.Then, PPP adjustment for initial cost can be conducted as:

Cost in Thailand = Cost in Saudi Arabia/ (PPP index Saudi Arabia-Thailand)

= 1,230,389,938 / 6.2053

= 198,279,751 Baht

This means that to invest this 5 MW PV power plant in Thailand, the initial cost

would be 198,279,751 baht. PPP adjustment is also applied to other costs of the projects.

Using the same calculation, the inverter replacement cost is 4,973,826 baht and the O&M

cost is 1,663,745 baht as concluded in Table 11 on the next page.

Secondly, taking account of inflation rate occurred between 2007 and 2011, costs

in 2007 have to be adjusted in 2011 term using GDP deflator15. According to IMF (2011),

GDP deflator for Thailand in 2007 is 200.146, while it is 230.866 in 2011. Hence, the

initial cost of the project in 2007 can be expressed in 2011 term as:

15 As all projects in this paper are evaluated in 2011 as the base year
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Adjusted cost in 2011 = Cost in 2007 * (GDP deflator 2011/GDP deflator 2007)

= 198,279,751 * (230.866/200.146)

= 228,713,304 Baht (=$7,411,319 USD)

Applying GDP deflator adjustment to inverter replacement cost and O&M cost,

the cost data for 5-MW PV power plant are ready. The table below summarizes all the

adjustments conducted before. The costs in column 5 of the table are the cost data used in

NPV calculation.

Item
description

Cost (USD)
in 2007

Cost (baht)
in 2007

Cost (baht) in
2007 after

PPP adjusted

Cost (baht) in
2011 after GDP

deflator adjusted

% Of
total
cost

Year(s)
occurring

Total initial cost 39,864,634 198,269,798 198,279,751 228,713,304 100 % At year 0
Inverter

replacement cost 1,000,000 30,684,634 4,973,826 5,737,248 2,51 % Every
5 years

O&M cost 334,500 10,324,074 1,663,745 1,919,110 ~1 % Annual

Table 10Costs of 5 MW PV projects

Due to the data from Saudi Arabia and all these data adjustments, the cost data for

5 MW PV projects might not be totally accurate in Thai context. In other words, the real

cost for 5 MW PV projects in Thailand might be either higher or lower. Therefore, this

cost data will be tested by sensitivity analysis in the result section to examine whether or

not the results will be altered, when costschange.

PV system of 3 kW installed capacity

On the contrary to 5 MW projects, the cost data of 3kW capacity is from the

demonstration project launched by Electricity Generating Authority of Thailand (EGAT)

in 2004, so it does not need PPP adjustment. According to EGAT (2004), the initial cost

for the demonstration project is 639,860 baht in 2004.

There are 2 adjustments needed in this cost data. First of all, the cost data is in

2004, and, due to the inflation, it needs to be readjusted in to 2011 using GDP deflator.

According to IMF (2011), GDP deflator for Thailand in 2004 is 176.016, while it is

230.866 in 2011. Hence, the initial cost of the project in 2004 can be expressed in 2011

term as:

Adjusted cost in 2011 = Cost in 2004 * (GDP deflator 2011/GDP deflator 2004)

= 639,860 * (230.866/176.016)

= 839,253 Baht
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This means that to invest the project in 2004 costs 639,860 baht, while it would

cost 839,253 baht to invest the same project in 2011. From 2004 to 2011, it is probable

that the technology costs in Thailand could have reduced significantly. However, due to

data limitation, the study excludes this possible cost reduction, and the cost data will be

tested in sensitivity analysis in the result section.

Secondly, since the inverter replacement cost and O&M cost data are not

available in EGAT website, the study uses some assumption to create the data. Assuming

that those costs have the same proportional structure as 5 MW PV power plant, inverter

replacement cost and O&M cost are assumed to be 2,51% and 1% of total initial cost

respectively. Therefore, the 3 kW PV solar roof producers spend 21,065 baht (839,253

baht * 2.51%) for inverter replacement cost and 8,393 baht (839,253 baht * 1%) for

O&M cost.

Item description Cost (baht: THB)
in 2004

Cost (baht: THB)
in 2011

% Of
initial cost

Year(s)
occurring

Total initial cost 639,860 839,253 100 % At year 0
Inverter replacement cost 21,065 2.51 % Every 5 yr

O&M cost 8,393 1 % Annual

Table 11Costs of 3 kW PV projects

PV system of 73 MW installed capacity

Unfortunately, the cost data of LBP is business confidential and the official data

cannot be found in the public sphere. However, Asian Development Bank agreed to

provide the loan up to $70 million equivalent in baht or 25% of total project costs (ADB,

2010), and the actual loan was 1.92 billion baht. Assuming that 1.92 billion baht is 25%

of total project cost, the initial cost of LBP is 7,680,000,000 baht ( . ∗ ).

This assumption is consistent with other sources, which stated that the initial cost would

be approximately $250,000,000 or 8 billion baht (BOI, 2010; NED, 2011; Mitsubishi

Corporation, 2010).  Inverter replacement cost and O&M cost are also confidential, and

so are assumed to be same proportional structure as 5 MW installed capacity, which are

2,51% and 1% of total initial cost respectively. Hence, the inverter replacement cost

equals to 192,768,000 baht (7,680,000,000 baht * 2.51%), while The O&M cost is

7,680,000 baht (7,680,000,000 baht * 1%).
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Before using this, thelimitation of 73-MW cost data should be discussed. Unlike

those first two scales that the cost data are from engineering records, the cost data for 73

MW installed capacity are only roughly estimated from administrative documents, which

might not reflex the cost in reality. Although it seems reasonable, this still shakes the

reliability of the data. This should be remarked as a great limitation of this study, and the

further use of this data should be carried on with caution.

Item description Cost (Baht) in 2011 % Of total cost

Total initial cost 7,680,000,000 At year 0

Inverter replacement cost 192,768,000 Every 5 yr
O&M cost 76,800,000 Annual

Table 12Costs of 73 MW PV project

The initial cost of those 3 scales can be compare using cost-per-watt method. Cost

per watt is the method commonly used to compare energy production, and it can be

calculated by dividing the initial cost by the installed capacity (Markoff, 2007; Dyer,

2002; Del Cañizo, Del Coso and Sinke, 2009). For example, in case of 73 MW installed

capacity PV power plant, the price per watt is 105.21 baht/W (7,680,000,000 baht /

73,000,000 watt installed capacity). The table below summarizes the cost per watt for PV

projects with 3 kW, 5 MW and 73 MW installed capacity.

Capacity
(watt) Initial cost (baht) Cost per watt

(baht/W)

Cost per watt
($/W)

$ = 30.86 baht
3 kW installed

capacity 3,000 839,253 280 9

5 MW installed
capacity 5,000,000 228,713,304 46 1.50

73 MW installed
capacity 73,000,000 7,680,000,000 105 3.40

Table 13Summary of cost per watt of 3 scales PV projects

Among 3 scales, 5 MW installed capacity has the most cost advantage.

Comparing cost per watt between 5 MW and 73 MW, this is consistent with The World

Bank’s review on solar energy stating that the large-scale solar technologies are not yet

cost competitive (Timilsina, Kurdgelashvili and Narbel, 2011). Moreover, a large-scale

solar power plant usually has more financial, technical and institution barriers (ibid.).

However, the cost per watt of 3 kW installed capacity is astonishingly high. According to

EIA (2011), the average price for modules (dollars per watt) for PV project is $3.49 in
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2008 and $2.79 in 2009. Therefore, 3 kW PV projects are presumed to be even less cost

competitive than 73 MW PV projects. According to the cost data used in this study, the

cost-per-watt curve would look similar to the figure below.

Cost data have crucial effects on the result of this study. Due to data limitations

and adjustments explained in this section, it is important to test those data with a

sensitivity analysis. Moreover, the usage of these data should be aware of such problems.

4.4.6 Standard deviation of electricity generation ( ( ))

Section 4.2 shows how to calculate the production risk as presented in the

equation above. SD of electricity generation ( ( )) is calculated from the expected

electricity generation from section 4.4.4. The table below is the extended form of table 6,

the estimated electricity production of 5 MW PV project in Aranyaprathet.
Expected production

(MWh)
Average electricity price

(from section 4.4.3)
SD in production

(SD (EiL))
SD in income or production

risk (P * SD (EiL))
7996.5 2.74 67.942 186.241

Table 14Example of expected production and standard deviation for a 5 MW PV plant at Aranyaprathet

estimated from RETScreen (see Appendix 2 for the calculation)

For the 5 MW PV project in Aranyaprathet, SD of electricity generation equals to

67.942, which can be used to calculate the production risk in income by multiplying it

with average electricity price (P) calculated in section 4.4.3. Then, the production risk of

this certain PV project is equal to 186.241 (67.942 * 2.74 baht/kWh). With the

estimations from RETScreen and this SD calculation, the production risks of all 74

locations in all scales are provided in appendix 6. However, this master thesis paper does

not present the raw tables of RETScreeen estimation of all three scales and 74 locations

(222 estimation altogether) due to the tremendous amount of data.

To compare the production risks between different technology scales,coefficient

of variation (CV) is used. The production risk of projects in different scales can largely

differ in value. For instance, the production riskof PV projects in Aranyaprathet is

186.241for 5 MW installed capacity, while it is 0.110for 3 kW and 3,023.202 for 73 MW

(see appendix 6). According to Weber, Shafir and Blais (2004),CV measures risk per unit

= ∗ ( )
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of return by dividing the standard deviation with average return. The table below

illustrates how to use CV to compare between scales in the same example in

Aranyaprathet.

System
size

Average production per
month (MWh) Production risk Coefficient of variation

3 kW 0.394 0.110 0.279
5 MW 666.38 186.241 0.279

73 MW 10,437.0 3,023.202 0.290

Table 14Example of CV for different PV scales in Aranyaprathet

This means to produce 1 MWh of electricity, 3 kW and 5 MW PV project in

Aranyaprathet contain the same level of production risk, while the production risk of 73

MW PV project is slightly higher. The table in the appendix 7 presents the CV for PV

projects in all three scales in 74 locations across Thailand.

In conclusion, this section explains the theoretical frameworks and methods of

how to compare investment choices between different technology scales and locations in

Thailand. Throughout the section, the concepts of discounting rate, NPV and production

risk are introduced to measure the productivity and risk of PV projects. The next section

shows the results from the methods explained in this section.
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5. Result

This study focuses on the net present values (NPVs) and production risks of PV

projects in Thailand. The study examines PV projects in 3 scales, i.e., 3 kW, 5 MW and

73 MW. In each scale, 74 locations across the country are studied. In the previous

section, the methods and data retrievals have been discussed in full length. In this section,

the final products of the calculations are presented. Section 5.1 presents the risk-NPV

behaviors of PV projects in all three scenarios. Because of the limitation of data in

particular costs, sensitivity analysis is carried on in section 5.2 in case of that the costs of

PV projects increase/decrease by 25% and 50%. Finally, section 5.3 contains the break-

even analysis for the projects that yield negative NPVs.

5.1 NPV-risk behavior

In this section, the risk-NPV behaviors of PV projects are presented scenario-by-

scenario. As mentioned in section 4.4.2, there are three adder scenarios in this study,

which are original adder, new adder, and no adder. The result in each scenario consists of

the three risk-NPV behavior graphs16 of all scales. Each graph contains 74 spots

representing NPVs and production risks in all locations.

5.1.1 Original adder scenario

Under the original adder scenario where the producers receive adder support of 8

baht/kWh on top of average electricity price, 3 kW installed capacity projects yield

negative NPVs in all locations, while 5 MW and 73 MW projects yields otherwise.

Installed capacity Original adder(8 baht/kWh)
Min Max

3 kW -618,707 -468,953
5 MW 417,105,538 669,908,261

73 MW 1,281,967,337 5,346,111,714

Table 15Range of NPV for PV projects at all locations under original adder scenario (unit: baht)

16Similar to those figures shown in section 2 and 4.3
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The risk-NPV behaviors of all three scales seem to be accordingly to risk-profit

behavior curve in section 4.3. Although all three scales share a similar pattern in risk-

NPV behavior, those are all distinct in term of magnitude in both risk and NPV.

Figure 6Risk-NPV behavior for 3 kW PV projects (original adder)

Figure 7Risk-NPV behavior for 5 MW Photovoltaic (original adder)
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Figure 8Risk-NPV behavior for 73 MW PV projects (original adder)

5.1.2 New adder scenario

The producers receive 6.5 baht/kWh in this scenario. The results are similar to the

original adder scenario where 3 kW PV projects yield negative NPVs in all locations as

opposed to the other two scales, which have positive NPVs in all locations. Since the

producers obtain a lower adder rate, NPVs in all projects areslightly lower than the first

scenario.

Installed capacity New adder (6.5 baht/kWh)
Min Max

3 kW -664,641 -525,381
5 MW 339,386,422 574,491,414

73 MW 80,814,629 3,841,973,956

Table 16Range of NPV for PV projects at all locations under new adder scenario (unit: baht)

An observation should be remarked here that the minimum NPV of 73 MW

installed capacity is approximately 80 million baht, which is quite low comparing to

7,680,000,000 baht, the initial cost of the projects. If the cost of 73 MW PV projects

increased, the projects in some locations would be likely to yield negative NPVs instead.

To be certain about this, the next section shows the sensitivity analysis in cases of the

projects’ costsaltered.
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Figure 9Risk-NPV behavior for 3 kW PV projects (new adder)

Figure 10Risk-NPV behavior for 5 MW PV projects (new adder)

Figure 11Risk-NPV behavior for 73 MW PV projects (new adder)
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5.1.3 No adder scenario

While the producers in the previous scenarios have adder supports, the adder does not

apply in this scenario, and the producers only receive the average electricity price for each

kWh they produce. Unlike the other two scenarios, 5 MW installed capacity is the only scale

resulting in positive NPVs in all locations. On the other hand, 3 kW and 73 MW PV projects

yield negative NPVs in all locations.

Installed capacity No adder
Min Max

3 kW -863,688 -805,607
5 MW 2,603,587 101,142,361

73 MW -5,124,180,437 -3,497,396,140

Table 17Range of NPV for PV projects at all locations under no adder scenario (unit: baht)

Figure 12Risk-NPV behavior for 3 kW PV projects (no adder)

Figure 13Risk-NPV behavior for 5 MW PV projects (no adder)
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Figure 14Risk-NPV behavior for 73 MW PV projects (no adder)

Among all three scenarios, five of the cases have positive NPV in all locations, while

the other four yield negative NPVs in all locations. The table below summarizesthe maximum

and minimum of all cases.

Installed
capacity

Original adder
(8 baht/kWh)

New adder
(6.50 baht/kWh) No adder

Min Max Min Max Min Max
3 kW -618,707 -468,953 -664,641 -525,381 -863,688 -805,607
5 MW 417,105,538 669,908,261 339,386,422 574,491,414 2,603,587 101,142,361

73 MW 1,281,967,337 5,346,111,714 80,814,629 3,841,973,956 -5,124,180,437 -3,497,396,140

Table 18Range of NPVs for PV projects under all adder scenarios (unit: baht)

5.2 Sensitivity analysis

As mentioned earlier, there are limitations in the cost data of this study, and it is

necessary to test those by sensitivity analysis. The limitations in the cost data can be divided

into two general problems. First of all, some cost data are derived from other time periods and

even other country. For example, despite of all data adjustments, the costs of 5 MW installed

capacity from Saudi Arabia may not be precisely identical with the actual costs occurred

when investing in Thailand. Furthermore, the costs of 3 kW PV projects in 2004 may not be

so different from 2011 because, even though the costs should be higher due to the inflation

rate, the effects of cost reduction from technology advancement are excluded.

Secondly, under the assumption that the cost data in each scale is applied to all

locations in Thailand, the cost in different locations may vary in reality. For example, the

initial costs of 73 MW are from the real project called Lop Buri Solar Power Plant Project

(LBP). The cost of investment the identical projects in other locations would differ from the

original due to the different in details like the cost of land and labor. Therefore, the cost data
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have to be tested by sensitivity analysis to examine whether or not the results on NPVs will be

altered, when the cost are varied. The results of sensitivity analysis are presented one scenario

at the time starting from original adder scenario, then new adder and no adder scenario.

5.2.1 Original adder scenario

The results of sensitivity analysis are presented in all three scales and all three

scenarios, which presented infigure 20 – 28. In each of those figures, there are five NPV

ranges, and the range in the middle is NPVs of the reference case from the results in the last

section. The sensitivity analysis examines the consequences when the costs of the projects

have changed by ± 25% ± 50%, which is embodied in the other four ranges besides the

middle one.

Under the original adder rate, the NPVs of 3 kW installed capacity would still be

negative in all location with only one exception when the cost of the projects reduced by 50%,

which would result in positive NPVs in some locations (figure 18). 73 MW PV projects also

entitle to a reverse result if the costs risen. In case that the cost increased by 25%, the projects

in some areas would yield negative NPVs, while almost all the 73 MW projects would yield

negative NPVs if the costs gone up by 50% (figure 20). On the other hand, the 5 MW PV

projects under original adder scenario would still have positive NPVs in all case (figure 19).

Figure 15Sensitivity analysis for 3 kW PV projects under original adder scenarios
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Figure 16Sensitivity analysis for 5 MW PV projects under original adder scenarios

Figure 17Sensitivity analysis for 73 MW PV projects under original adder scenarios
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Figure 16Sensitivity analysis for 5 MW PV projects under original adder scenarios

Figure 17Sensitivity analysis for 73 MW PV projects under original adder scenarios
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Figure 18Sensitivity analysis for 3 kW PV projects under new adder scenarios
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5.2.3 No adder scenario

Under no adder scenario, the cost changes affect the results of 5 MW installed

capacity considerably for the first time. The 5 MW projects would result in negative NPVs in

the majority of locations in case that the costs climbed up by 25%, while all projects would

yield negative NPVs if the costs increased by 50% (figure 25). Besides 5 MW installed

capacity, 73 MW projects, which originally have negative NPVs in all locations, would yield

positive NPVs in most of locations if the cost reduced by 50% (figure 26). On the other hand,

3 kW PV projects would still result in negative NPVs in all locations regardless the cost

changes (figure 24).

Figure 21Sensitivity analysis for 3 kW PV projects under no adder scenarios

Figure 22Sensitivity analysis for 5 MW PV projects under no adder scenarios
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Figure 23Sensitivity analysis for 73 MW PV projects under no adder scenarios
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Beside cost reduction, increasing adder support is another way, but how much would

the adder rate have to be higher? In this case, all assumptions are the same except the adder

rate. By increasing the adder rate to the point where the projects yield positive NPVs in all

locations, the adder rate has to be at least 28.20 baht/kWh17 in order to reverse the negative

NPV results for 3 kW projects to positive. However, under this circumstance, the government

would have financial burdens from adder supports of 105,412 – 142,946 baht/project/yearthe

first 10 years of the projects. This is much higher than the support burdens under original

adder scenario, which costs only 29,904 – 43,624 baht/project/year.

This section presents the results of risk-NPV behavior of PV projects in 74 locations

and in three scales under three different adder scenarios. The study also conducts sensitivity

analysis to examine the possible shifts in results from the cost changes. For the projects that

have negative NPVs, break-even analysis is performed to examine how much would the costs

and adder rates have to change in order to result in positive NPVs. These results will be

interpreted and discussed in the next section.

17 The adder rate is 29.70 baht/kWh for the 3 most southern provinces under the same extra rate of 1.50
baht/kWh.
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6. Conclusion and discussion

The aim of this study is to examine and to compare net benefits and risks of PV

technology in Thailand. The study considers three scales of PV technology, which are 3 kW,

5MW and 73 MW installed capacities, in 74 locations across the country. Also, three adder

scenarios are applied to test the effects of energy policy on the projects’ returns.

For all 74 locations in Thailand, 3 kW PV projects yield negative NPVs whether with

or without adder. This is due to relatively high initial cost per watt, 280 baht/W or

$9.13/W18comparing to other project scales (table 13). It is not recommended to invest in this

scale of PV projects unless there is significant reduction in the costs as shown in sensitivity

analysis (section 5.2) and break-even analysis (section 5.3). Although 3 kW PV projects

would yield positive NPV if the initial cost reduced substantially, this seems to be hardly

possible in the near future as EIA (2009) estimates that the cost of PV technology would

reduce only by 37% during 2009 - 2030.

The adder rates, both 8 baht/kWh and 6.5 baht/kWh, are not enough to support the 3

kW PV projects. Break-even analysis shows that the adder rate would have to be as high as

28.20 baht/kWh in order to result in positive NPVs in all locations. Thai government and

involving authorities should not encourage private investments and apply adder supports to 3

MW PV projects as it is not economic viable and will become just a wasteful financial burden

to all parties. This does not mean that any adjustment in policies would not help the small PV

projects at all, but it means that those adjustments have to be radical and it is not likely that

such changes could create more benefits than costs.

5 MW PV projects are the most promising scale comparing to the other two as the

projects result in positive NPVs in all scenarios. The projects also have the lowest initial cost

per watt of 46 baht/W or $1.49/W, among three scales (table 13). Moreover, 5 MW installed

capacity is the only scale in this study that still results in positive NPVs in all locations under

no adder scenario. This means this scale has economic viability in itself without relying on the

supporting policy. With adder support, the 5 MW PV projects become even more attractive

for private investors. However, the sensitivity analysis shows that the NPVs of 5 MW

installed capacity could be negative if the cost increasedunder no adder scenario, as opposed

to the other two scenarios with adder supports.

As for 73 MW PV projects, the economic viability of this scale relies on the policy

supports. Without adder, the projects would yield negative NPV in all locations, but the

18 Exchange rate of 30.64 baht per USD on 7 March 2012
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projects become highly profitable with the adder supports. Investment in this scale is still

recommended if there is power purchase agreement to guarantee the adder

supports.However,supportingthis large scale PV technology may pose the financial burden to

electricity consumers. To support this scale of PV project, Thai government would have to

subsidize around 782 – 1,151 million baht/project/year with the adder rate of 8 baht/kWh, and

around 635 – 969 million baht/project/year with the adder rate of 6.5 baht/kWh. The adder

supports are funded by the fuel adjustment cost (Ft) in electricity price (EPPO, 2011b). In

other words, the more adder supports are granted, the more expensive the electricity price will

become in long run.

In term of risk and location, it is hard to be specific which location in Thailand is the

best for PV technology, but it is shown that,while resulting in the similar NPVs, the northern

regions have higher production risk comparing to other part of the country. In figure 11-19,

there are several locations that yield lower risk, but have approximately the same net benefits

as others. These locations scatter around in central, northeastern and southern regions, but

none of these located in the north.Comparing risk between technology scales, table 16

indicates that 3 kW and 5 MW installed capacity contain around the same production risk per

unit, while 73 MW installed capacity has slightly higher risk in all locations. Further study

should follow up this aspect of risk and PV technology scale.

To use this study for further researches and reference purposes, ones should be aware

of the assumptions and limitations of data explained in section 4. For example, the study

excludes the variation in electricity generations from the long-run solar cycle (section 4.4.4).

Also, some of thecosts data are originally incomplete (like 73 MW PV project), and required a

data transfer from another country as well as some adjustments. Therefore, those data may not

be totally accurate comparing to the real situation in Thailand.

The main driver in the development of PV technology in Thailand should be the

investment in large-scale PV projects. This is contrast with many countries like USA and

Germany where small PV projects in household are the main drivers. Despite of that, the

future for PV technology in Thailand can still be very bright. Investments and subsidization

policies in larger scale PV projects can result in technology diffusion and cost reduction.

Thailand should pursue the further developments and implementation of PV technology for its

own sustainable future.
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Appendix

Year GDP Deflator (index)
2002 168.383
2003 170.635
2004 176.016
2005 183.917
2006 193.464
2007 200.146
2008 207.869
2009 211.988
2010 219.812

2011 (estimated) 230.866
2012 (estimated) 240.949

Appendix 1Thailand’s GDP deflator (IMF, 2011)

Month Expected electricity
generation (MWh)

Deviation from average
(Column 2 – Average) Squared deviation

January 770.1 103.73 10,758.88
February 697.4 31.02 962.55
March 750.0 83.62 6,993.14
April 719.3 52.92 2,801.06
May 641.0 -25.38 643.89
June 579.8 -86.58 7,495.23
July 584.3 -82.08 6,736.31

August 585.5 -80.88 6,540.77
September 592.6 -73.78 5,442.75

October 645.3 -21.08 444.16
November 686.2 19.82 393.03
December 745.0 78.62 6,181.89

Annual 7,996.5 Sum 55,393.64
Average 666.38 Variance 4,616.14

Standard Deviation 67.942
Production risk (SD * P) 186.241

Appendix 2Example of standard deviation of electricity generation for a 5-MV PV plant at Aranyaprathet19

19 Monthly electricity generation estimated from RETScreen
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No Location Latitute (°N) Longtitute (°E) Altitude (m) No Location Latitute (°N) Longtitute (°E) Altitude (m)
1 Aranyaprathet 13.70 102.58 49 38 Nakhon Phanom 17.42 104.78 148
2 Bangkok 13.73 100.57 4 39 Nakhon Sawan/Paknam 15.80 100.17 35
3 Bangkok/Don Muang 13.92 100.60 12 40 Nakhon Si Thammarat 8.53 99.95 9
4 Betong 5.78 101.07 539 41 Nan/Muang Nan 18.77 100.77 201
5 Bhumibol Dam 17.25 99.02 144 42 Narathiwat 6.42 101.82 5
6 Bua Chum 15.27 101.18 50 43 Nong Han 17.36 103.06 195
7 Chachoengsao 13.69 101.07 70 44 Nong Khai 17.87 102.72 175
8 Chaiyaphum 15.80 102.03 183 45 Pak Phanang 8.35 100.21 1
9 Chanthaburi 12.60 102.12 4 46 Pattani 6.78 101.15 9

10 Chiang Khong 20.28 100.40 681 47 Phatthaya 12.92 100.87 61
11 Chiang Mai 18.78 98.98 313 48 Phayao 19.13 99.90 399
12 Chiang Rai 19.97 99.88 393 49 Phetchabun 16.43 101.15 116
13 Chon Buri/Sattahip 13.37 100.98 2 50 Phetchaburi/Tha Yan 13.15 100.07 4
14 Chumphon 10.48 99.18 5 51 Phitsanulok/Sarit 16.78 100.27 45
15 Det Udom 14.91 105.08 166 52 Phrae 18.17 100.17 162
16 Hat Yai Intl (AFB) 6.92 100.43 35 53 Phuket 7.88 98.40 3
17 Hua Hin 12.58 99.95 6 54 Phuket Intl Airport 8.13 98.32 9
18 Kam Paeng Phet 16.48 99.53 81 55 Pong 19.17 100.28 587
19 Kanchanaburi 14.02 99.53 29 56 Prachin Buri (Army) 14.05 101.37 6
20 Katharalak 14.65 104.65 156 57 Prachuap Khiri Khan 11.82 99.82 5
21 Khlong Yai 11.77 102.88 4 58 Ranong 9.98 98.62 8
22 Khon Kaen 16.43 102.83 166 59 Ratchaburi 13.54 99.82 235
23 Ko Lanta 7.53 99.05 3 60 Rayong/U-Taphao 12.63 101.35 5
24 Ko Samui (Island) 9.47 100.05 7 61 Roi Et 16.05 103.68 142
25 Ko Sichang (Island) 13.17 100.80 26 62 Sakon Nakhon (Army) 17.15 104.13 172
26 Korat/Nakhon Ratcha 14.97 102.08 188 63 Sattahip 12.68 100.98 18
27 Lampang 18.28 99.52 242 64 Songkhla (Thai-Navy) 7.20 100.62 9
28 Lamphun 18.57 99.03 298 65 Suphan Buri 14.47 100.13 8
29 Lat Yao 15.75 99.80 321 66 Surat Thani 9.12 99.15 11
30 Loei 17.45 101.73 254 67 Surin 14.88 103.50 147
31 Lop Buri 14.80 100.62 11 68 Tak 16.88 99.15 124
32 Mae Chan 20.15 99.87 906 69 Tha Tum 15.32 103.68 129
33 Mae Hong Son/Muai 19.30 97.83 269 70 Thong Pha Phum 14.75 98.63 99
34 Mae Sariang 18.17 97.93 213 71 Trang 7.52 99.62 16
35 Mae Sot/Tak 16.67 98.55 197 72 Ubon/Ratchathani Ab 15.25 104.87 127
36 Maetaeng 19.12 98.95 914 73 Udon Thani (Civ/AFB) 17.38 102.80 182
37 Mukdahan/Bakhon Pha 16.53 104.72 139 74 Uttaradit East 17.62 100.10 64

Appendix 3Geographical data of 74 locations in Thailand
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No Location Min Max Average No Location Min Max Average No Location Min Max Average
1 Aranyaprathet 0.329 0.470 0.393 26 Korat/Nakhon Ratcha 0.357 0.464 0.402 51 Phitsanulok/Sarit 0.360 0.488 0.415
2 Bangkok 0.331 0.447 0.385 27 Lampang 0.329 0.493 0.403 52 Phrae 0.323 0.482 0.399
3 Bangkok/Don Muang 0.354 0.479 0.406 28 Lamphun 0.329 0.494 0.404 53 Phuket 0.370 0.504 0.422
4 Betong 0.333 0.438 0.380 29 Lat Yao 0.306 0.474 0.387 54 Phuket Intl Airport 0.339 0.495 0.406
5 Bhumibol Dam 0.327 0.484 0.398 30 Loei 0.324 0.471 0.397 55 Pong 0.327 0.492 0.405
6 Bua Chum 0.360 0.469 0.409 31 Lop Buri 0.363 0.482 0.412 56 Prachin Buri (Army) 0.352 0.461 0.397
7 Chachoengsao 0.341 0.453 0.398 32 Mae Chan 0.321 0.517 0.412 57 Prachuap Khiri Khan 0.287 0.455 0.366
8 Chaiyaphum 0.366 0.468 0.415 33 Mae Hong Son/Muai 0.304 0.530 0.411 58 Ranong 0.311 0.519 0.403
9 Chanthaburi 0.312 0.457 0.383 34 Mae Sariang 0.285 0.529 0.406 59 Ratchaburi 0.291 0.471 0.376

10 Chiang Khong 0.314 0.501 0.403 35 Mae Sot/Tak 0.252 0.498 0.390 60 Rayong/U-Taphao 0.350 0.475 0.414
11 Chiang Mai 0.305 0.519 0.407 36 Maetaeng 0.326 0.526 0.420 61 Roi Et 0.352 0.460 0.406
12 Chiang Rai 0.316 0.505 0.402 37 Mukdahan/Bakhon Pha 0.333 0.461 0.401 62 Sakon Nakhon (Army) 0.315 0.463 0.398
13 Chon Buri/Sattahip 0.354 0.478 0.405 38 Nakhon Phanom 0.316 0.464 0.398 63 Sattahip 0.358 0.486 0.416
14 Chumphon 0.308 0.467 0.368 39 Nakhon Sawan/Paknam 0.365 0.480 0.414 64 Songkhla (Thai-Navy) 0.289 0.448 0.370
15 Det Udom 0.000 0.485 0.415 40 Nakhon Si Thammarat 0.316 0.459 0.373 65 Suphan Buri 0.363 0.483 0.412
16 Hat Yai Intl (AFB) 0.341 0.461 0.389 41 Nan/Muang Nan 0.323 0.485 0.401 66 Surat Thani 0.309 0.482 0.374
17 Hua Hin 0.294 0.366 0.333 42 Narathiwat 0.311 0.452 0.383 67 Surin 0.366 0.473 0.415
18 Kam Paeng Phet 0.305 0.474 0.386 43 Nong Han 0.333 0.468 0.408 68 Tak 0.305 0.472 0.387
19 Kanchanaburi 0.315 0.476 0.389 44 Nong Khai 0.335 0.464 0.400 69 Tha Tum 0.370 0.473 0.418
20 Katharalak 0.359 0.477 0.417 45 Pak Phanang 0.307 0.493 0.396 70 Thong Pha Phum 0.256 0.496 0.387
21 Khlong Yai 0.306 0.485 0.406 46 Pattani 0.312 0.452 0.383 71 Trang 0.359 0.481 0.405
22 Khon Kaen 0.274 0.350 0.312 47 Phatthaya 0.358 0.487 0.416 72 Ubon/Ratchathani Ab 0.271 0.447 0.370
23 Ko Lanta 0.358 0.479 0.403 48 Phayao 0.316 0.499 0.398 73 Udon Thani (Civ/AFB) 0.335 0.462 0.398
24 Ko Samui (Island) 0.339 0.509 0.414 49 Phetchabun 0.332 0.467 0.395 74 Uttaradit East 0.340 0.485 0.408
25 Ko Sichang (Island) 0.355 0.479 0.406 50 Phetchaburi/Tha Yan 0.355 0.480 0.406

Appendix 4Minimum, maximum and average monthly expected electricity generations of 3 kW PV projects (Unit: MWh)



63

No Location Min Max Average No Location Min Max Average No Location Min Max Average
1 Aranyaprathet 579.8 770.1 666.4 26 Korat/Nakhon Ratcha 604.2 784.6 679.9 51 Phitsanulok/Sarit 608.4 825.4 702.1
2 Bangkok 560.5 755.7 651.0 27 Lampang 556.0 833.7 680.9 52 Phrae 547.0 815.0 675.0
3 Bangkok/Don Muang 599.1 809.5 687.1 28 Lamphun 555.8 835.5 682.4 53 Phuket 626.7 852.5 714.8
4 Betong 562.7 740.5 643.4 29 Lat Yao 517.6 801.8 654.5 54 Phuket Intl Airport 573.4 836.7 686.6
5 Bhumibol Dam 553.3 818.1 672.9 30 Loei 547.8 797.2 670.8 55 Pong 552.8 832.3 685.9
6 Bua Chum 608.7 794.1 691.4 31 Lop Buri 614.0 815.7 696.9 56 Prachin Buri (Army) 595.1 780.2 672.3
7 Chachoengsao 576.2 766.7 672.7 32 Mae Chan 542.8 874.3 697.5 57 Prachuap Khiri Khan 486.0 770.5 618.7
8 Chaiyaphum 618.6 792.4 701.1 33 Mae Hong Son/Muai 513.6 896.1 695.2 58 Ranong 526.8 877.2 680.9
9 Chanthaburi 527.2 773.8 647.4 34 Mae Sariang 482.9 894.6 686.0 59 Ratchaburi 491.8 797.1 635.2

10 Chiang Khong 530.6 846.8 681.8 35 Mae Sot/Tak 426.6 843.2 659.1 60 Rayong/U-Taphao 591.9 803.9 699.6
11 Chiang Mai 515.2 877.2 688.0 36 Maetaeng 551.7 889.1 710.0 61 Roi Et 596.1 777.9 687.4
12 Chiang Rai 534.1 854.0 679.9 37 Mukdahan/Bakhon Pha 564.1 779.5 678.3 62 Sakon Nakhon (Army) 533.7 783.4 672.8
13 Chon Buri/Sattahip 599.5 808.8 685.8 38 Nakhon Phanom 534.3 785.0 673.8 63 Sattahip 605.6 821.4 703.3
14 Chumphon 521.7 790.3 622.1 39 Nakhon Sawan/Paknam 617.2 812.5 699.9 64 Songkhla (Thai-Navy) 488.9 758.4 626.3
15 Det Udom 0.0 820.4 702.7 40 Nakhon Si Thammarat 534.8 776.2 630.8 65 Suphan Buri 613.9 816.7 696.4
16 Hat Yai Intl (AFB) 576.5 780.0 658.5 41 Nan/Muang Nan 546.8 821.1 679.1 66 Surat Thani 523.2 814.6 633.2
17 Hua Hin 497.3 619.8 563.0 42 Narathiwat 526.1 764.9 647.0 67 Surin 618.4 800.9 701.6
18 Kam Paeng Phet 515.6 802.0 653.2 43 Nong Han 562.6 791.5 690.1 68 Tak 515.3 798.2 654.4
19 Kanchanaburi 533.6 805.5 658.0 44 Nong Khai 566.8 785.2 676.3 69 Tha Tum 625.5 799.4 707.2
20 Katharalak 607.9 807.3 705.3 45 Pak Phanang 518.5 834.1 669.4 70 Thong Pha Phum 433.9 838.8 654.2
21 Khlong Yai 518.0 819.9 687.1 46 Pattani 527.1 765.3 647.1 71 Trang 608.0 812.9 684.8
22 Khon Kaen 462.7 592.3 527.1 47 Phatthaya 606.4 823.1 704.5 72 Ubon/Ratchathani Ab 458.4 755.7 626.1
23 Ko Lanta 604.8 810.0 682.0 48 Phayao 534.0 843.5 673.7 73 Udon Thani (Civ/AFB) 566.2 782.0 673.6
24 Ko Samui (Island) 573.9 861.8 700.7 49 Phetchabun 561.7 790.5 667.6 74 Uttaradit East 574.6 820.7 689.5
25 Ko Sichang (Island) 600.4 810.5 686.6 50 Phetchaburi/Tha Yan 601.1 811.2 687.2

Appendix 5Minimum, maximum and average monthly expected electricity generations of 5 MW PV projects (Unit: MWh)
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No Location Min Max Average No Location Min Max Average No Location Min Max Average
1 Aranyaprathet 9,058 12,064 10,437 26 Korat/Nakhon Ratcha 9,466 12,234 10,636 51 Phitsanulok/Sarit 9,472 13,105 11,023
2 Bangkok 9,964 14,521 12,123 27 Lampang 8,618 13,190 10,622 52 Phrae 8,472 12,870 10,528
3 Bangkok/Don Muang 9,402 12,848 10,806 28 Lamphun 8,614 13,211 10,641 53 Phuket 9,771 13,486 11,245
4 Betong 8,642 11,520 9,956 29 Lat Yao 7,943 12,616 10,160 54 Phuket Intl Airport 8,907 13,249 10,770
5 Bhumibol Dam 8,594 13,012 10,529 30 Loei 8,469 12,529 10,429 55 Pong 8,467 13,003 10,559
6 Bua Chum 9,489 12,584 10,834 31 Lop Buri 9,630 12,954 10,953 56 Prachin Buri (Army) 9,313 12,355 10,548
7 Chachoengsao 8,936 11,973 10,467 32 Mae Chan 8,273 13,642 10,699 57 Prachuap Khiri Khan 7,504 12,121 9,648
8 Chaiyaphum 9,681 12,530 10,979 33 Mae Hong Son/Muai 7,918 14,170 10,837 58 Ranong 8,165 13,926 10,658
9 Chanthaburi 8,188 12,131 10,112 34 Mae Sariang 7,414 14,118 10,677 59 Ratchaburi 7,545 12,522 9,863

10 Chiang Khong 8,084 13,153 10,435 35 Mae Sot/Tak 6,514 13,308 10,257 60 Rayong/U-Taphao 9,293 12,735 11,002
11 Chiang Mai 7,944 13,873 10,718 36 Maetaeng 8,423 13,957 10,945 61 Roi Et 9,265 12,263 10,743
12 Chiang Rai 8,228 13,375 10,536 37 Mukdahan/Bakhon Pha 8,755 12,135 10,575 62 Sakon Nakhon (Army) 8,286 12,126 10,478
13 Chon Buri/Sattahip 9,414 12,827 10,783 38 Nakhon Phanom 8,286 12,165 10,494 63 Sattahip 9,508 13,003 11,050
14 Chumphon 8,094 12,443 9,688 39 Nakhon Sawan/Paknam 9,689 12,929 11,002 64 Songkhla (Thai-Navy) 7,540 11,929 9,784
15 Det Udom 9,219 12,827 10,945 40 Nakhon Si Thammarat 8,255 12,199 9,833 65 Suphan Buri 9,635 12,946 10,940
16 Hat Yai Intl (AFB) 8,915 12,265 10,275 41 Nan/Muang Nan 8,463 12,922 10,572 66 Surat Thani 8,066 12,830 9,861
17 Hua Hin 7,705 9,654 8,754 42 Narathiwat 8,116 12,006 10,095 67 Surin 9,632 12,509 10,979
18 Kam Paeng Phet 7,975 12,695 10,217 43 Nong Han 8,706 12,332 10,681 68 Tak 7,972 12,696 10,238
19 Kanchanaburi 8,274 12,786 10,313 44 Nong Khai 8,794 12,362 10,546 69 Tha Tum 9,813 12,641 11,080
20 Katharalak 9,418 12,658 10,993 45 Pak Phanang 8,004 13,132 10,454 70 Thong Pha Phum 6,646 13,311 10,218
21 Khlong Yai 8,028 12,902 10,761 46 Pattani 8,132 12,013 10,098 71 Trang 9,486 12,837 10,713
22 Khon Kaen 7,125 9,078 8,146 47 Phatthaya 9,507 13,018 11,062 72 Ubon/Ratchathani Ab 7,065 11,716 9,749
23 Ko Lanta 9,473 12,826 10,701 48 Phayao 8,241 13,288 10,462 73 Udon Thani (Civ/AFB) 8,799 12,329 10,515
24 Ko Samui (Island) 8,900 13,656 11,001 49 Phetchabun 8,696 12,495 10,428 74 Uttaradit East 8,942 13,004 10,806
25 Ko Sichang (Island) 9,421 12,828 10,781 50 Phetchaburi/Tha Yan 9,424 12,830 10,783

Appendix 6Minimum, maximum and average monthly expected electricity generations of 73 MW PV projects (Unit: MWh)
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No Location
Production risk

No Location
Production risk

No Location
Production risk

3 kW 5 MW 73 MW 3 kW 5 MW 73 MW 3 kW 5 MW 73 MW
1 Aranyaprathet 0.110 186.241 3,023.202 26 Korat/Nakhon Ratcha 0.103 174.373 2,788.240 51 Phitsanulok/Sarit 0.292 205.344 3,362.694
2 Bangkok 0.094 158.818 2,574.773 27 Lampang 0.158 267.488 4,315.266 52 Phrae 0.372 250.443 4,026.070
3 Bangkok/Don Muang 0.113 189.772 3,120.309 28 Lamphun 0.160 269.964 4,352.091 53 Phuket 0.313 223.236 3,702.164
4 Betong 0.081 137.459 2,239.459 29 Lat Yao 0.162 274.279 4,459.788 54 Phuket Intl Airport 0.383 263.311 4,317.590
5 Bhumibol Dam 0.151 254.740 4,180.019 30 Loei 0.143 242.097 3,828.176 55 Pong 0.366 251.094 3,979.752
6 Bua Chum 0.109 184.354 2,979.050 31 Lop Buri 0.106 178.742 2,957.084 56 Prachin Buri (Army) 0.258 173.878 2,845.852
7 Chachoengsao 0.110 185.693 2,984.386 32 Mae Chan 0.182 307.318 4,851.944 57 Prachuap Khiri Khan 0.441 273.271 4,393.362
8 Chaiyaphum 0.104 175.452 2,833.436 33 Mae Hong Son/Muai 0.211 357.595 5,734.783 58 Ranong 0.494 336.144 5,532.415
9 Chanthaburi 0.147 248.721 4,016.133 34 Mae Sariang 0.235 397.467 6,363.785 59 Ratchaburi 0.475 301.824 4,887.447
10 Chiang Khong 0.169 286.015 4,486.190 35 Mae Sot/Tak 0.248 419.138 6,731.387 60 Rayong/U-Taphao 0.306 214.477 3,468.756
11 Chiang Mai 0.209 352.806 5,670.540 36 Maetaeng 0.189 319.056 5,114.841 61 Roi Et 0.260 178.195 2,839.597
12 Chiang Rai 0.179 303.143 4,782.260 37 Mukdahan/Bakhon Pha 0.129 216.848 3,424.368 62 Sakon Nakhon (Army) 0.362 243.529 3,837.894
13 Chon Buri/Sattahip 0.111 187.533 3,079.162 38 Nakhon Phanom 0.145 244.698 3,870.294 63 Sattahip 0.303 212.728 3,466.627
14 Chumphon 0.140 236.088 3,839.754 39 Nakhon Sawan/Paknam 0.108 183.028 3,018.963 64 Songkhla (Thai-Navy) 0.318 198.878 3,257.978
15 Det Udom 0.130 219.167 3,543.619 40 Nakhon Si Thammarat 0.117 197.445 3,213.591 65 Suphan Buri 0.258 179.447 2,939.344
16 Hat Yai Intl (AFB) 0.103 173.943 2,845.099 41 Nan/Muang Nan 0.153 259.341 4,119.374 66 Surat Thani 0.376 237.328 3,879.084
17 Hua Hin 0.061 103.850 1,624.438 42 Narathiwat 0.106 180.009 2,960.858 67 Surin 0.248 174.420 2,796.870
18 Kam Paeng Phet 0.162 273.044 4,443.960 43 Nong Han 0.135 228.265 3,542.400 68 Tak 0.418 273.468 4,477.886
19 Kanchanaburi 0.154 261.272 4,286.604 44 Nong Khai 0.126 213.880 3,403.619 69 Tha Tum 0.241 169.906 2,711.705
20 Katharalak 0.112 189.272 3,057.370 45 Pak Phanang 0.131 222.131 3,623.493 70 Thong Pha Phum 0.621 405.983 6,591.947
21 Khlong Yai 0.173 292.603 4,774.887 46 Pattani 0.106 179.152 2,948.651 71 Trang 0.299 203.992 3,371.604
22 Khon Kaen 0.057 97.210 1,515.970 47 Phatthaya 0.126 213.383 3,484.803 72 Ubon/Ratchathani Ab 0.458 286.957 4,607.382
23 Ko Lanta 0.121 203.850 3,371.561 48 Phayao 0.171 289.732 4,632.536 73 Udon Thani (Civ/AFB) 0.312 209.343 3,334.597
24 Ko Samui (Island) 0.124 209.241 3,462.128 49 Phetchabun 0.131 221.951 3,581.685 74 Uttaradit East 0.337 232.129 3,769.358
25 Ko Sichang (Island) 0.111 188.048 3,069.794 50 Phetchaburi/Tha Yan 0.112 188.978 3,072.695

Appendix 7Production risks of PV projects in all locations and scales
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No Location
Coefficient of variation

No Location
Coefficient of variation

No Location
Coefficient of variation

3 kW 5 MW 73
MW 3 kW 5 MW 73

MW 3 kW 5 MW 73
MW

1 Aranyaprathet 0.279 0.279 0.290 26 Korat/Nakhon Ratcha 0.257 0.256 0.262 51 Phitsanulok/Sarit 0.292 0.292 0.305
2 Bangkok 0.244 0.244 0.253 27 Lampang 0.393 0.393 0.406 52 Phrae 0.372 0.371 0.382
3 Bangkok/Don Muang 0.277 0.276 0.289 28 Lamphun 0.396 0.396 0.409 53 Phuket 0.313 0.312 0.329
4 Betong 0.214 0.214 0.225 29 Lat Yao 0.418 0.419 0.439 54 Phuket Intl Airport 0.383 0.383 0.401
5 Bhumibol Dam 0.380 0.379 0.397 30 Loei 0.361 0.361 0.367 55 Pong 0.366 0.366 0.377
6 Bua Chum 0.266 0.267 0.275 31 Lop Buri 0.257 0.256 0.270 56 Prachin Buri (Army) 0.258 0.259 0.270
7 Chachoengsao 0.276 0.276 0.285 32 Mae Chan 0.440 0.441 0.453 57 Prachuap Khiri Khan 0.441 0.442 0.455
8 Chaiyaphum 0.250 0.250 0.258 33 Mae Hong Son/Muai 0.514 0.514 0.529 58 Ranong 0.494 0.494 0.519
9 Chanthaburi 0.385 0.384 0.397 34 Mae Sariang 0.580 0.579 0.596 59 Ratchaburi 0.475 0.475 0.496

10 Chiang Khong 0.420 0.419 0.430 35 Mae Sot/Tak 0.635 0.636 0.656 60 Rayong/U-Taphao 0.306 0.307 0.315
11 Chiang Mai 0.513 0.513 0.529 36 Maetaeng 0.450 0.449 0.467 61 Roi Et 0.260 0.259 0.264
12 Chiang Rai 0.445 0.446 0.454 37 Mukdahan/Bakhon Pha 0.321 0.320 0.324 62 Sakon Nakhon (Army) 0.362 0.362 0.366
13 Chon Buri/Sattahip 0.274 0.273 0.286 38 Nakhon Phanom 0.364 0.363 0.369 63 Sattahip 0.303 0.302 0.314
14 Chumphon 0.380 0.379 0.396 39 Nakhon Sawan/Paknam 0.260 0.261 0.274 64 Songkhla (Thai-Navy) 0.318 0.318 0.333
15 Det Udom 0.312 0.312 0.324 40 Nakhon Si Thammarat 0.314 0.313 0.327 65 Suphan Buri 0.258 0.258 0.269
16 Hat Yai Intl (AFB) 0.264 0.264 0.277 41 Nan/Muang Nan 0.382 0.382 0.390 66 Surat Thani 0.376 0.375 0.393
17 Hua Hin 0.184 0.184 0.186 42 Narathiwat 0.277 0.278 0.293 67 Surin 0.248 0.249 0.255
18 Kam Paeng Phet 0.418 0.418 0.435 43 Nong Han 0.330 0.331 0.332 68 Tak 0.418 0.418 0.437
19 Kanchanaburi 0.397 0.397 0.416 44 Nong Khai 0.316 0.316 0.323 69 Tha Tum 0.241 0.240 0.245
20 Katharalak 0.269 0.268 0.278 45 Pak Phanang 0.330 0.332 0.347 70 Thong Pha Phum 0.621 0.621 0.645
21 Khlong Yai 0.426 0.426 0.444 46 Pattani 0.276 0.277 0.292 71 Trang 0.299 0.298 0.315
22 Khon Kaen 0.184 0.184 0.186 47 Phatthaya 0.304 0.303 0.315 72 Ubon/Ratchathani Ab 0.458 0.458 0.473
23 Ko Lanta 0.299 0.299 0.315 48 Phayao 0.430 0.430 0.443 73 Udon Thani (Civ/AFB) 0.312 0.311 0.317
24 Ko Samui (Island) 0.299 0.299 0.315 49 Phetchabun 0.332 0.332 0.343 74 Uttaradit East 0.337 0.337 0.349
25 Ko Sichang (Island) 0.274 0.274 0.285 50 Phetchaburi/Tha Yan 0.277 0.275 0.285

Appendix 8Coefficient of variation in all locations and scales


