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Abstract— Since 2006, renewable energy integration level iailand has been increased dramatically, especially
electricity sector, due to the result of governnpiting incentive policies, i.e., Adder programdalReed-in tariff (FiT)
program. Adder program will provide the additioreahount of money per unit, depended on type ohtdaby, on the
top on wholesale electricity price. In 2013, neweintive policy, FiT program was announced whichléamgnted only
for Solar PV Rooftop. FiT program will represenetfiat rate for different types of technology. Hoes the payment
for these power producers under these incentivgnams, to be subsidized, which will be consideredyavernment
policy, expenses (PE). This PE will be added iromattic Tariff Adjustment Mechanism orwhich is one component
of customer electricity bill. The study will shoisthry and trend of RE pricing incentive policiesTihailand, included
with the concept of pass-through PE in Moreover, the comparing and measuring betweeneAddd FiT burden
cost are also concerned in this preliminary stu@iie study found that, from year 2021 onward, tHesslized cost
from adder will be sharply reduced, while FiT vgknerate higher cost in,Fespecially for electricity which generated

from the biomass and solar power.

Keywords— Renewable Energy (RE), adder, feed-in tariff (FIT)automatic tariff adjustment mechanism ().

1. INTRODUCTION
In the past decade, Renewable Energy (RE) integrati

level in Thailand has been increased dramatically,

especially for electricity sector. Provincial Elbecity
Authority (PEA), one of the main electricity utjlitwvho
responsible for more than 95% of power distributoea

growth of RE under Adder program, the cost for

subsidizing this program has been increased yegeay

Hence, to reduce this burden, in 2013, new pricing
incentive policy or called “Feed-in Tariff” (FiT)rpgram
has been announced and implement later in 201% Thi
FiT program has been implemented only for those who
produces electricity from Solar PV which instalted the
roof or the top of the building, and directly spbbwer

in Thailand, has to purchase power from Very Small o0y 14 the utility grid. Moreover, expected withtine

Power Producer (VSPP) since 2006. Interestinglg, th

end of year 2016, the FiT program for other RE, e.g

number of VSPP has jumped up from 3 units in 2@03 t Biomass, Biogas, Waste, etc., [2] and ground-matinte

129 and 635 units in 2009 and 2015, respectivelys T

solar farm, which is located in government officeda

VSPP booming phenomena was ignited by government i iwural cooperative area, e.g. farm, livestagi be

pricing incentive policy to induce the power prodige

for moving from generating power from conventional

fuel, e.g. coal, diesel, or natural gas, to RE ues®

instead. This incentive used the additional subsidythus there will be the higher level of subsidy
concept called “Adder” program which provides the

additional amount of Baht (Thailand currency umiér

kWh, depended on type of technology, on the top
power tariff (Base tariff plus Automatic Tariff
Adjustment Mechanism (fj [1]. Therefore, for the
Adder program, the power producers will be guarhte
for the financial level to complete with the barri®

entry for the new incomer in the electricity market
However, due to the government underestimatedhier t
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implemented by the Regulatory Commission (ERC) [3].
According to the cost for producing 1 kWh of
electricity from RE is higher than conventionalaesce,
fbose
who produce power from RE. Furthermore, the portion
of subsidy will also be increased which depend o t

Oftype and cost of technologypr example, 1 kWh

produced from solar power will be subsidized fdB&ht
or 22.85 US cent (1 US$ = 35 Baht) on the top afigro
tariff at the given time. These RE subsidy cost are
considered as government policy expense (PE) wikich
one of the three components qfvihich will be every 4
months recalculated and announced for being orteopar
the monthly retail electricity bill. Likewise, namnly for
the adder program but also FIT program that the
additional cost will pass-through the, Ehe different
between fixed FiT price and average wholesale price
included with wholesale ;Fat the given time, will be
redeemed, by the distribution utility, in the REEi

The study is divided into 4 parts where the stunly f
history and the future of RE pricing incentive pa@s in
Thailand will be the first. Secondly, concept ofspa
through PE, i.e. Adder and FiT, into retail Ft ihaflland
electricity market will be analyzed. Moreover, the
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definitions and characteristic of FiT are also unlgd. permanent department under the office of the Prime
Later for the third part, the effect of the burdemtween  minister to become a regulatory body supervisirg.
Adder and FiT are both compared and measuring how2002, the NEPO were downgraded to Energy Policy and
much electricity customers have to be absorbed.la5t Planning Office (EPPO) under the Ministry of Energy
10 years forecasting for the trend of both Addet BiT, (MOE).

in term of PEA power purchasing, will be generaaed EGAT has the sole right and a significant role he t
analyzed which program will has the potential dffec ~ generation and transmission of Thai electricity. AHGs
the electricity customers. presently the largest electricity producer, ownisgd
operating its own power plants throughout the courit
2. THAILAND POWER SECTOR AND also has the sole right to purchase power fromrothe
RENEWABLE ENERGY POLICIES private producers and neighboring country under the

. . government regulation of the Enhance Single Buyer
2.1 Thailand Electricity market scheme (ESB). EGAT maintain its shareholding in the
The electricity generation and supply under the country’s two largest IPPs, i.e., Ratchaburi Eleityr
Government of Thailand is originally managed byéhr Generating Holding Public Company Limited (RATCH)
power Utilities, i.e., the Electricity Generatinguthority at 45 percent, Electricity Generating Public Compan
of Thailand (EGAT), the Metropolitan Electricity Limited (EGCO) at 25 percent, and District Cooling
Authority (MEA), and Provincial Electricity Authdsi System and Power Plant Co., Ltd (DCAP) at 35 percen
(PEA) [4]. The market is not very different frometh Though there are many IPPs and SPPs provision power
vertically integrated markets of Indonesia and Msia. to the EGAT grid, the RATCH and EGCO are the two
Over the past 20 years, Thailand’s electricity setias ~ largest with the market share 14 and 11 percent,
evolved from a government monopoly to a semi- respectively.

unbundled structure called the “Enhanced SingleeBuy PEA is a government enterprise under the ministry o
model. This model, shown in Figure 1 consists off#G  Interior. The authority’s responsibility is primbyri
owning about 50% of generation assets and 100% ofoncerned with the generation, distribution, saes!
transmission assets. The other half of the gemerati Supply of electric energy to the business and itds
assets are developed and owned by private companiesector as well as to the general public in proaharea,
including Independent Power Producers (IPPs), Smalwith the exception of Bangkok, Nonthaburi and Samut
Power Producers (SPPs), and Very Small PowerPrakarn provinces. The PEA has expanded electricity
Producers (VSPPs). IPPs and SPPs produce and sedbpply to all areas covering approximately 510,R00,
power to the high-voltage transmission system owmed accounted for 99 percent of the country’s totabarks

the only buyer, EGAT. VSPPs sell power through the same as PEA, MEA is also under the ministry ofriote

two state-owned distribution systems, the MEA andwhich established in 1985, this organization was
PEA. Thailand’'s policies related to energy, inchgli responsible for generating and selling electricaber in
electric power and renewable energy policies aadteht the metropolitan area until 1961, when the gernmgati
and proposed by the Ministry of Energy (MOE). Pieic ~ aspect was transferred to EGAT. MEA provides high-
related to electric power and natural gas transorisare  class service while laying emphasis on sustainable
regulated by the ERC [5]. growth of related business as well as respongibidit

the society and the environmég.

Generation sPp EGAT  IPP  Import VSPP 2.2 Thailand power sector and Renewable energy policy

. : 7% ar%)  (38% 5% 3%
e S (l) (l) (J) &4 Compared to other neighborhood countries around

- Thailand, Thailand has highest electricity demanith
plans for increasing imports from nearby countries,
Myanmar, Laos, and Vietham. In year 2012, Thailand
‘ | | consumes electricity more than 140 TWh, moreower, i
the past 10 years, there was a high growth of ridégt
.L l l - demand which is around 770 MW per year and still be

Distribution :5: h(::: Direct Customers continued. In 2014, Thailand can produce elecyricit

Transmission EGAT (100%) -

ERC

l l more than 180 TWh, with majorly 66% from naturas ga
and 21% from coal, while renewable and hydro
R contribute for less than 5% from the share of tptaker
generation mixed (figure 2) [8].
Fig.1. Thailand Power Industry Structure. However, due to the energy security concern and
climate change issues have been majorly brougtbup
To address the lack of a national body to implementthe table. Therefore, in year 2008, Thailand hathted
energy planning, formulate policies and regulate th the long term renewable energy (RE) plans. The trpun
energy sector, the National Energy Policy Council first RE plan was the 15-year Renewable Energy
(NEPC) Act was passed in 1992, and the NationalDevelopment Plan, (REDP 2008 — 2022), which sought
Energy Policy Office (NEPO) was established as itsto bring renewable energy to 20% of final energy

secretariat [6]. The NEPO was later upgraded into aconsumption by 2020. However, there was a revided o
this plan and, the new revised plan is finally edll
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‘Renewable and Alternative Energy Development Plan’
(AEDP). This plan is aim for increasing to portiof
renewable energy to 25% of final energy consumpition
10 years (2012 — 2021) [9] which show in figure 3.
Under Thailand electricity system, there are sdvera

location of the project, the number of other projec

specific variables, and the type of technology[FBpm

Ref. [14], it also describes for FITs that they emtended

to dramatically increase the amount of electricity

produced from RES and create green jobs. Moreover,

reasons for investor to do the business in Thaikand from Ref. [15] explained that FiT is a monetary agav
renewable energy sector [10] which are 1) Condistenfor feeding electricity generated by renewable gyer

energy policy 2) Policy formulation is based on
‘sufficient Economy Philosophy’, 3) Harboring prtea
investment, e.g. firm governmental targets, finahand
non-financial supports, promotion package, 4) Clean
Development Mechanism (CDM) opportunity, 5) Low-

source such PV. It can either be equal to the Iretai
electricity rate or greater than this rate (knows a
enhance FiT), while most FiT are usually financegdab
levy added to all electricity bill.

Generally, FiT have the following characteristics

risk Power Purchasing Agreement (PPA) and crediblewhich are:

contracting partner, i.e. EGAT, MEA, PEA, 6)
Continuous growing demand for RE, 7) Substantial RE
resources, essentially, solar and bio-energy, apd 8
Friendly investment environment.

-

Coal/ Lignite
21%

Oil 1%
Hydro 3%
Import 7%
Others 2%

Total 180,945 GWh

Fig.2. Share of Thailand power generation by type of
fuel.
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Fig.3. Thailand’s RE targets according to the AEDP
(2012 - 2021).

A. Characteristic of Feed-in Tariff program

There are many meaning for Feed-in tariff policgy f
instance, it is an umbrella term for policies usinfjxed
purchase price for electricity from renewable sesrc
and in addition, this policy aims to substantialigrease
the production of renewable electricity by giving
investors economic incentives [11]. Moreover, frBwef.
[12] the policy is to offer guaranteed prices forefi
periods of time for electricity produced from Rerble
Energy Sources (RES). These price are generakyeuf
in a non-discriminatory manner for every kWh of
electricity produced, and can be differentiatedoading

to the size of the installation, the type of tedbgy, the

The utility is required to connect the RE to thalgr
and absorb the connection lost;

Smaller capacity RE have higher incentive rates
than larger capacity RE;

There are different rates for different types of RE
reflecting underlining cost. That is, FiT for wind
are typically lower than for solar photovoltaic (PV

The FT rates are declined by some percentage
following the first year in which they are
established to reflect assumed improvements in
RES technological efficiency and the reward early
entrants. Hence, power producers who contract in
first year the policy is established get higher FiT
rate than second, and so on contracts; and

Utilities are required to buy all the electricity

produced by the generators eligible for FiT at a
fixed price every single year under the specific
contract mostly 15 — 20 years or related on the
lifetime of that power plant by different technojog

Thailand was one of the Asian Countries with a
comprehensive (FiT) program, with interconnection
regulation adopted by Thai cabinet in 2002, and
technology-specific tariff or variable FiT whichofn
now on will be called ‘Adders’ in 2006. This progra
called Adder due to it added additional paymenR®
generators on top of the normal prices that power
producers would receive when selling electricitythe
power utilities. However, for some reason, essbytia
customer equity due to the burden from increasing
amount of supported money in term of adder which wi
pass directly through end-user, therefore, fixed-br
called from now on only FT program, has been
announced in middle of 2013 for those who installed
solar PV rooftop. The application process was ogene
between October —November 2013; moreover, undsr thi
new FiT scheme for Thailand, it is more stringent
regulation reflects learning past lessons.

B. Adder Program (Variable FiT)

Since year 2006, Thailand has introduced pricing
incentive policy for pursue investor to invest for
producing electricity from renewable energy, andtth
policy called “Adder program’. The adder prograinc

be considered as premium FiT or market-dependent
approach, due to it adds more payment on the top of
electricity price in Thailand. This program guaesd

the attractive power purchasing rates. This progiam
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implemented under all main 3 electricity utilities
Thailand, i.e. the Electricity Generating Authoritf
Thailand (EGAT), the Metropolitan Electricity Authty
(MEA), and the Provincial Electricity Authority (P
The three utilities are obliged to purchase eleityri
from renewable electricity generators using withimya
two different regulations which are:

Small Power Producer (SPP)

regulations: for

generators sized greater than 10 MW and less than
90 MW, moreover, these generators are permitted

to sell power to EGAT only.

Very Small Power Producer (VSPP) regulation: for
generator sized equal or less than 10 MW,

moreover, these generators are allowed to offered

power to MEA and PEA, which depended on
location grid connected.

Adder rates in Thailand are differenced by techgglo
geography, duration of payment, and installed cpac

as shown in table 1. There are only winds and solar

which have 10 years supported for Adder progranilewh
other technologies can retain in program only #yeas

for location, the higher rate of adder will be givéor
those VSPPs that located in three southern mos
provinces of Thailand. Under six different type of
technologies, solar will gain highest payment, whil
wind and municipal solid waste will be second amidd
respectively. It is also founded that for each tetbgy,
size of power plant or capacity for producing eledly

are divided. For last consideration from addergéable,

RE power producer who locates in area that PEA
supplies power which is generated by diesel wilt ge
higher premium subsidization.

Table 1. Thailand Adder Rates (As of 2013)

Unit: US Dollars per kWh

Special
Adder for
Three
Southern
most
Provinces

Special
Adder for
Diesel
Replacem
ent

2007
Adder
Rate

2009
Adder
Rate

2010
Addder
Rate

Years

TYPRMES Supported

Biomass

0.010
0.010

0.017
0.010

0.017
0.010

0.033
0.033

0.033
0.033

Installed Capacity < 1 MW

Installed Capacity > 1 MW
Biogas

0.033
0.033

Installed Capacitys 1MW| 0.010{  0.017 0.017 0.033

0.033

Installed Capacity > 1 MW| 0.010( 0.010 0.010
Waste
Landfill and Digestor

Thermal Process

0.083
0.083

0.083
0.117

0.083
0.117

0.033
0.033

0.033
0.033

Wind

Installed Capacity < 50 kW|  0.117

0.117

0.150 0.150

0.117

0.050
0.050

0.050
0.050

Installed Capacity > 50 kW 0.117

Small/Micro Hydro
50 kW <Installed Capacity
<200 kW

0.013

0.027  0.050 0.050 0.033 0.033
0.267|  0.267 0217+ 0.050 0.050

Source: Provincial Electricity Authority (PEA), 281

0.027 0.027 0.033 0.033

Installed Capacity < 50 kW
Solar

C. Solar PV Rooftop FiT program (Fixed FiT)
On 16" July 2013, NEPC approved solar rooftop policy
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to support this development in Thailand and incedas
the total government target from 2,000 to 3,000 MW
[16]. Most of regulations for solar PV Rooftop were
similar to VSPPs, especially for technical areaweeer,

for financial regulations are different for instanc

The approaches for calculating the rate is market-
independent or Fixed FiT instead of Market
dependent likes adder.

The applicant who wants to join this FiT solar PV
rooftop program has to produce power for
distributed utility which has currently supply pawe
for applicant, and the selling power from Solar PV
rooftop can be approval as maximum 1,000 kWp.

There is only allow for those who use PV
technology and installation has to be on the ratf n
the garage or part of building that is not constder

by law the roof.

The rates are categorized in 3 different contracts
i.e. 0-10 kWp, 10-250 kWp, and 250 — 1000 kWp
(table 2).

The maximum capacity that Thailand will allow

for this round applied is 200 MW by classified to
100MW for those residential and another 100 MW
for total from commercial and industrial.

Additionally, for each 100 MW classification, PEA

and MEA will be shared by 60:40, respectively.

t

The installation is divided into three types which
are residential, small commercial and medium-large
commercial. PEA will use monthly electricity
consumption, which shown in monthly electricity
bill as the reference for identifying the instatbat

type.

Table 2. Solar FiT for three scales of installations

FiT Rate
Classification m (US Cent/kWh)

I o-10kwp 19.89 100 MW
10250 kWp 18.71 -
Medium/Large Commercial PAIS (1[IN'{:] 17.60

(1 US$=35Baht)

D. Fixed - FiT for RE (Excluded Solar Power)

On 28" June 2015, ERC announced the government
gazette for fixed - FiT rate for purchasing fromrye
Small Power Producer (VSPP) (excluded solar energy)
under the transition period from Adder (Variable) o

FiT (Fixed-FiT), where the detail is show in taBI§L7].

As can be seen from Table 3, the subsidized payment
for biomass has specifically increased, compareith wi
Adder program, from 0.017 to 0.1526 US$ per kwh.
Therefore, according to this consequence, many &ssm
projects which has been COD under Adder program, ha
appeal for changing from Adder rate to FiT insteaut]
it has been success. On'"24une 2016, ERC has
announced the government gazette for those already
COD biomass project under adder program can be
switched from Adder subsidizing program to FiT in
program, and the contract period for getting the
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subsidization is 20 years [18]. transmission, and distribution which are clearly
unbundled. Tariff varies according to each end-user
Table 3. FiT rate for VSPP (As of 2015) category with its own particular group’s load paite
_ _ Supported There are mainly eight categories, i.e., houselsill,
Type FT FT Duration medium and large general service, government
(BahtkWh)| (USSIKWh)| ~ (v oqp) institution and non-profit organization, specifindiness
Waste < 1 MW 6.34 0.1811 20 service, Agricultural Pumping Service, amemporary
Waste > 1- 3 MW 582 0.1663 20 Service [20]. Additionally, the structure of retail
W >3 MW 5.08 0'1451 20 electricity tariffs will vary depended on consunagptiand
astg - - voltage level.
Landfill Waste 5.6 0.1600 10
Biomass < 1 MW 534 0.1526 20 3.2 Automatic Tariff Adjustment Mechanism (F;) and
Biomass > 1- 3 MW|  4.82 0.1377 20 Policy Expense (PE)
Biomass > 3 MW 4.24 0.1211 20 Since 2000, Thailand has restructured the tarifbbéo
Biogas 376 0.1074 20 more cost reflection, and it have been the obligatd
Biogas (Energy crop)  5.34 01526 20 revise the electricity tariff every 4 — years. Hoeg due
Fvdro < 200 KW '49 (')1400 20 to the inaccurate cost forecasting and fluctuation
ydro < : : resource price, e.g. Natural gas and Diesel oi th
Wind 6.06 0.1731 20 adjustment price, which is added to the basedf tasif

@auss=3s5eahty needed; it is called the Automatic Tariff Adjustrhen
Mechanism or F

3. CONCEPT OF THAILAND ELECTRICITY Ft is one component of electricity bill (there &ased

TARIFF, Ft, AND POLICY EXPENSE tariff, Ft and Value Added Tax — VAT), which can be

: - . changed due to the fluctuation of fuel price andt cuf

3.1 Thailand Electricity tariff electricity that EGAT purchases from Independence
Electricity tariff in Thailand can be determined in Power Producer (IPP) and Small Power Producer(SPP),
Wholesale and retail tariff. As for wholesale tanfhich ~ and import power from neighboring countries, e.gos,
is the tariff that PEA and MEA, the distributionility, and Malaysia, which are uncontrollable [21]. Ftlvaié
purchase from EGAT, while retail tariff is the prithat ~ changed every 4 months (January-April, May-August,
PEA and MEA selling to end-users, in addition, both and September — December) for reflecting real cfst
tariffs are uniform tariff? For determine pricingucture ~ power producing at the given time and in Octobed320
in Thailand, there are four criteria for determiithe  Ft has been cut the components to be dependedlpn on
tariff, which are 1) Marginal cost — means ‘the cost of purchased electricity, fuel cost, and gowent
incremental costs resulting from the most approgria expenditure which come from energy policies.
adjustment of the power generation and distribution In November 2015, both wholesale and retail
system to meet the continuously increasing demamd p €lectricity tariff has been revised. Therefore,vtich is
unit’. Marginal cost in electricity sector, presgnt one part of electricity bill, also be revised ampaved
divided into four levels, i.e., generation, transsivn, by ERC. New Ft formula has still considered costrfr
distribution, and retailing. 2) Load pattern — fieme of ~ pricing incentive policies, i.e. Adder and FiT, e
Use (TOU) rate was introduced due to the changiag| government policy expense, and also other expg@ggs
pattern in early 1997. The TOU rate was offerecaimas  Which are
alternative rate for the existing Time of Day (TOD) < Adder — Both additional payments which utilities
customer and as a compulsory rate for new power pay for SPP and VSPP.

consumers. The current load pattern of the powstesy, « Power Development Fund (PDF)- Payment
in the present time is divided to peak from 9 a-ni0 which utilities and power producer have to pay to
p.m. on Monday — Friday, while Off-peak is from 10 central fund which will be used for various energy
p.m. — 9 am. on Monday — Friday and the whole alay development projects and miscellaneous.

Saturday, Sunday and public holidays. 3) Revenue
requirement of the power utilities and financiatemnia —
there are two main requirements, revenue requiremen
and financial criteria. 4) Social criteria for thkectricity * Etc. — Other expenses, e.g. Demand Response.
tariff determination. — there are 3 essential malltand There are two types of Ft which are 1) wholesale Ft
social ~requirements which are, uniform tariff, where is the price that EGAT uses to charge MEAAPE
subsidization for residential consumers, partiduldor and direct customers for the power purchasing, 2nd
small residential consumers whose consumptionvis o Retail Ft, where PEA and MEA will be used to charge
and the structure of electricity tariff for otheorsumer  the customers, e.g. Residential, Commercial, Imiist
categories should be designed to best represent thetc. The trend of retail Ft is shown in figure 4.
marginal cost [19].

For retail tariff, it is comprised with two parise., the
base tariff and Ft, as same as bulk supply taBiffse
tariff is comprised with the cost of generation,

FiT — The different payment between FiT rate and
average power tariff included Ft.
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(1 US$ = 35 Baht)
Average Thailand Electricity Ft (2002 - 2016)

US cent/ kWh
3.00

2.50

2.00

1.50

100 0.63
0.50

0.00

(1):) g ‘»& ,,p“% @“b‘ ‘»@6 ,»@b @“'\ ,»@% ,\‘@g ,@\% ,@\\ .»& ,,90 @\b' .»Q\% ,»%\b

2.64

2.64

2.23 2.01

1.88

110 146

1.97

1.20 1.24

0.67

1.37

0.75
-0.68

Fig.4. Data of Average Thailand’s Electricity retail Ft (2002
—2016).

e System Loss— The system losses may occurred
when RE power is installed to far from load, which
may take long distance for the power to reach the
load in that feeder.

e Voltage unbalance— Due to RE power supplies
power more in one phase than other two phases,
which cause the voltage in the system to be
imbalance.

e Harmonics — Especially for solar power which
needs the inverter to convert the direct current to
alternative current, the inverter will generate the
harmonics which cause the voltage and current
have misshaped and cause the equipment has fault
operated or damaged.

According to Ref. [24], shows that purchased power
from VSPP generate losses in PEA system. In tabple 4

On December 2006, NEPC has approved subsidizationy, s |osses classified by locational grid conribcte

costs or Adder that utilities have to pay for SRi a
VSPP, as the PE cost in Ft. Later in 2013, dueh#o t
implementation of FiT program, therefore NEPC has
approved, like Adder, that the different cost betw&iT
and average wholesale (include Ft), that PEA andAME
purchase from EGAT, can be included in PE.

4. THE EFFECTS OF ADDER AND FiT

Due to these price incentive policies, i.e. Added &iT,
the number and amount of power which installedht® t
utilities grid, especially PEA grid has been inGewh
Therefore, the effect from these RE policies hadvdo
studied. This chapter will show both technical aodt
effects from RE power producer, both SPP and VSPP.

4.1 Technical Effects (To the utilities)

For PEA, RE power producers, who either join Adder
FiT program, are limited the maximum power to be
installed to PEA grid only at 8 MW for 22 kV linen@
10 MW for 33 kV line in the southern of Thailanchi§
RE power producers are called VSPP and it has stgpwi
the sharply increasing number of power installasomte
2006, especially solar power which the power is/\tar
the radiation of the sun. Due to this increasingbers,
there are many technical effects to PEA grid [28]ich
are
* Reverse power flow- In case that, large amount
of RE power flow through the PEA grid, the
reverse power flow will be occurred and causes
trouble for controlling and power planning

* Over Voltage — Due the supply from RE power

exceed the demand load in feeder line at the given

time, will increase the voltage to be higher thiaa t

grid code standard which can later causes damag&

in customers’ appliances or machines.

e Transformer and cable overloading— In case
that there is no appropriated controlling regulatio
for RE installation, it will cause transformer and
cable to take the responsibility with the

where Northeastern region of PEA shows the higfast

of losses due to RE power plants are installedf&wo
from load area. On the other hand, other regiomsvsh
negative value of losses rate which mean that V&P
reduce losses in area, due to in these areas, WoRHy

be connected near load. Moreover in table 5, which
shows losses classified by different technologystiud
technology, except hydro and wind, creates losses,
especially solar energy, due to most of solar pquaamts

are located far from load.

Table 4. Losses classified by locational grid connext

PEA Region Loss rate (%)
Northern -6.16%
Northeastern 10.28%
Central -5.57%
Southern -11.67%
Average -3.28%

Table 5. Losses classified by technology

Technology Loss rate (%)
Biomass 3.09%
Biogas 0.09%
Waste 2.16%
Solar 6.04%
Hydro -1.00%
Wind 0.00%

4.2 Cost effects (To the Electricity customers)

Due to the subsidization cost of Adder and FiT are
onsidered as the PE, which utilities has to pay fo

subsidized renewable power producer i.e. SPP and
VSPP. However, the utilities can reclaim these sost

through retail Ft or called pass-through mechanism.
According to the pass-through mechanism, the more
subsidized amount for Adder and FiT, the more barde

cost for customer which will be shown in their efety

overcapacity _Which may i_ncrease the temperaturey;) As be shown in figure 5, the number of enesgye
of power equipment, and increases the numbers of, engd-yser in Thailand since October 2007 — Deeemb
power unit losses in the system, moreover; theyp1g (estimated) has been increased, the figureissho

lifetime of equipment may be shorter.
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data of energy sale in every 4 months [25], whiter
this data will be used as the unit of power sale to
calculate the burden of PE, i.e. Adder and FiTrlate

Thailand Enegy sale (Oct 07 - Dec 16)

70,000
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40,000
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..........................
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Feb 08 - May 08
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Jun 08
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Fig.5. Thailand Energy sale since October 2007.

(1 US$ = 35 Baht)
Amount of Adder and FiT in retail Ft
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Fig.6. Average cost of Adder and FiT in Thailand retd Ft.

In figure 6, it shows the trend of Adder and FiTieth
cost US cent per kWh to end-user in part of refil
charge. Adder has been added more as PE to befrt
since Jan 2011. The sharp increasing in 2013 was th
result from high rate of solar installation and [kee
continuing due to there are still some solar poplants
which have not been yet operated. In the periodrtof
during September — December 2015, Adder subsidizati
has cost the highest burden to customer in the atafu
0.4809 US cent/kWh. Compared to FiT, which has not

have more portion than PE. Therefore, although radde
and FiT are increased but the decreasing in fuekpr
will affect more in change of Ft. In the next pairiwill
present the forecasting amount of Adder and Fifiart

10 years as a case of PEA who is the utilities hlaagtthe
highest amount of power purchasing from RE under
Adder and FiT program

5. FORECASTING FOR ADDER AND FiT

5.1 Status of VSPP under Adder and FiT program that
connected to PEA grid

PEA has purchased power from renewable energy under
Adder program since 2006 when there were only 8uni
of very small power plants joined this program.
However, due to the influence of incentive polickieh
guarantees the return for those who invest in raidav
energy, the number of VSPP, which connected to PEA
grid, has been dramatically increased. As can ba &e
figure 7, in 2007 the amount of MW for those VSRRtt
connected to PEA grid was less than 100 MW and
continuously increased to 500 MW in 2010 and most
were biomass power which produced from various
energy sources, e.g. sugarcane, risk-husk, andchigad
However, since 2011, the number of installed sfalem
have risen and increased sharply yearly. In Jurie,20
the total number of MW of installed VSPP is reachin
3,000 MW and the capacity of solar power is moanth
half which is more than 1,500 MW.

MW
3,000

2,500
2,000
1,500

VSPP connected to PEA grid

2007 2008 2009 2010 2011 2012 2013 2014 2015 JUN
Hydo mWind mSolar 2016

1,000

3

8

mWaste wCogen wBiogas wBiomass

been occurred until May 2014 and continuing inogeas
but in small number, this is due to the first paogrof
FiT is Solar Rooftop which has small number of aea
generate power compared to solar farm under Adde
program. However, since September 2015, the cost o
FiT in Ft has increased due to large building amtlistry
which has high solar power generating capacity can
connect to the utility grid. The sharp increaseMay
2016 and keep continuing are the result from ifeiah

of Biomass and solar farm under FiT program.
Therefore, it can be inferred that the amount of
subsidization for PE, i.e. Adder FiT will be inceed
continuously. However, although there is an indreps
trend for renewable subsidization cost, it shows th

Fig.7. Capacity of VSPP under Adder Program.

- VSPP under FiT program connected to PEA grid
1,000
800
MWp600
400
200
R — s— |
2014 2015 2016
u Biogas 3 5
 Biomass 39 79
n Solar 25 568 1,123

contrary trend if compared with the historical dafaFt
which is shown in figure 4. This is because, as
mentioned in section 3.2, the component of Ft isamby
policy expense (PE) but also fuel cost and poweickwvh
EGAT purchases from IPP and SPP which both factor

Fig.8. Capacity (MWp) of VSPP under FiT program.

In February 2014, the first solar PV rooftop, ungér

Jrogram, has been operated and selling power to. PEA
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However, as shown in ﬁgure 8, due to the Commeaﬁ PEA energy purchasing power in the next 10 years
process, e.g. licenses approval, legal conditiba,total w0000 s TEBO
power installed to PEA grid was only 25 MW. The -

amount of generating capacity from solar was huge
increased to 568 MW in 2015 and double up to 1,123[**"* ["*7 [ 140%9
MW in June 2016 [21]. This solar FiT booming """ 10792 [ 12009
phenomena was the result from solar farm who was la """ [ 10:000
applied forjoining Adder program, thus this solar farm | 800001
projects have to be moved to FiT program insteadrevh | 60.000 -
the total payment will reduce from 0.31 US$ per kWwh 40,000
0.16 US$ per kWh. Moreover, not only solar farm has | 20,000 -
been increased but also biomass project that iserea obor - -
amount of power installation from 39 MW in 20157 B AT VPP (Adden ovappp iry 202
MW in 2016, and expected to by increased in theréut

. . Fig.9. 10 Years forecast of power purchasing from GAT,
5210 ye.arsforecastmg for VSPP under Adder and FiT VSPP (Adder and FiT program).
program: A case of PEA

160,000 - 147,418 r 16,000

L 8,000
E 6,000

r 4,000

F 2,000

0

According to the increasing amount of renewable grow In term of subsidization cost, which will be paggin
which produced from VSPP, both under Adder and FiT through to the Ft and can be considered as thérielsc
program, has been installed to PEA grid, therefore,customer burden, in figure 10, it shows the subatibn
forecasting for the future amount of these kingodver cost between Adder and FiT program. As expectesl, th
are needed. The study collected the historical ftata trend for Adder will be reduced year by year, whigre
VSPP both under Adder and FiT program, includediwit 2015, the cost of VSPP(Adder) are more than 400
status data for those VSPP who has been operated amnillion US$ per year, but in 2025, it will be onB0.66
has not been operated due to the process of coistru  US$, which is 94% reduction compared to year 2016.
or licenses approval. These collected data have beed  There are 2 reasons for this huge reduction foreAdd
for forecasting the trend of VSPP in the futurehbfur subsidization which are 1) The switching subsiddat
produced power and subsidization cost as showgurdi ~ program from Adder to FT in 2014, and 2) the
9 and 10. subsidization period for each technology is limjtéor

In figure 9, it shows the comparison, in term ofveo instance solar and wind will be subsidized the agldi
that PEA has to purchased (GWh), between EGAT,payment on top of power tariff only for 10 yeardjile
VSPP (Adder), and VSPP (FiT). This study usesdlael|  the other will be subsidized for 7 years. Thussiho
forecast which is considered and approved by Thdila surprise that the negative trend of subsidizatiost ¢or
Load Forecast Sub-Committee for the forecasted eumb Adder will be occurred and will be reaching to zero
of RE in Thailand during 2016 — 2025. However, the within 2030. On the other hand, for VSPP (FiT)witl
amount of RE in mentioned load forecasted is notbe growing with the positive trend. In 2016, FiTllwbst
classified in VSPP (adder) and VSPP (FiT) category,only 50 million US$, but it will reach 280 and ov&@0
therefore the author uses the historical proporéisrthe  million US$ in year 2021and 2025, respectivelycdn
ratio between VSPP (Adder) and VSPP (FiT) amount.be inferred that, in the future, the burden fromesgable
As be shown in figure 9, although the portion for energy subsidization will not be come from Adder
renewable energy or VSPP, compared to EGAT, will beprogram but will be from FT program instead and
less than 5% in 2015, it will be increase to 7.566 a expected to be more that Adder has been cost ipake
10% in year 2021 and 2025, respectively. Moreover,10 years.

considered only for VSPP, it can be seen that thveep (1 US$ = 35 Baht)

that PEA projects to be purchased in next 10 yiars - T

VSPP (Adder) is very stable, in the range of 5,500 10 Years forecast for VSPP subsidization cost
6,000 GWh per year, this is due to ERC has annalince 800 629.91
that the applying process for joining Adder prograas 2 600

closed from 2014 onward. Whilst, VSPP (FiT) shos t | = , \332'70

different story, it shows the continuing increastngnd. 3 X
Although, VSPP (FiT) has so few amounts of power | = 200 27N66
produced in 2015, only 180 GWh but due to the )

incentive pricing concept which guarantee the payme 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
for each unit that RE produced to the utility gidGPP ~=—VSPP (Adder) VSPP (FiT)

(FiT) will be increased more than 10% each year and

within 2025 it will be over than 10,000 GWh, whigh Fig.10. 10 Years forecast for VSPP subsidization sb
double more than the unit produced from VSPP under

Adder program. Additionally, according to the forecasting FiT

subsidization, (there will be considered only fayles,
Biomass, Biogas, due to in 2016, there is no other
technologies have joined FiT program, thus theraas
data for analyzed other kind of technologies) bissna
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will play the vital role for producing power from electricity bill has to be increased definitely.

renewable energy under FiT program and also create
more than 60% of the subsidization cost, which will
passing through the customer electricity bill, whilolar
and Biogas cost only 34% and 4%, respectively (égu
11). However, in the long run, Solar and biogad &
increased its portion to 40% and 11%, respectively,
while biomass will be reduced to 49% instead.

We

[1]

2016 2025

(2]

Biomas

49%

Biomas

(3]

Fig.11. Subsidization cost for FiT classified by Teciology. [4]

6. CONCLUSION

Since 2006, 2 major pricing incentive policies for
renewable energy, Adder and FiT, have been
implemented, and the result from both policies ban
concluded with the success story. The number aiitd un
of installed power from these RE power plant oi cal
VSPP shown with the huge increased and expectbd to
continued with positive trend. However, there i$ ooly

the positive effect from these policies, e.g. grerargy,
low carbon society, but also the negative effectsciv
cannot be look beyond, i.e. technical effect (Wtili
concerns) and cost effect (Electricity customerceons).

As for Technical effect, from utilities point ofexv, the
overvoltage from solar farm and unit losses arenllig 9]
concerned due to these two disadvantages affect thL,
reliability of the system and the power lossestilityis
revenue. As for cost effects, from customer poifit o
view, due to the subsidization for renewable energy
electricity customers have to pay for this subsition
which will be part of electricity bill in form of & This
can be inferred that the more subsidization cosRfg,
the more cost to be added in electricity bill. Tdfere, if
analyze only with VSPP that sell power to PEA, e t
next 10 years the amount of power produced fromR/SP
under FiT program will be increased along with the
subsidization cost which will be passed-through
customer electricity bill. The cost are expectedbi® [12]
higher than 600 million US$ or will be more than U8

cent per kWh in 2025 compared to 0.20 US cent per
kWh in 2015. Therefore, the policy makers, espécial
both renewable energy policy and tariff policy, gl
both considered these crucial subsidization trelné, to,
although higher level of renewable energy integrati
may be increased the level of welfare or lowerihg t
level pollution in power sector, but the affordalilfor
paying electricity bill is also needed to be coersadl. If

the subsidization for these RE pricing incentivdigies

will be too high in the future thus, under the Bsging-
through mechanism, amount of payment in monthly

[5]

[6]

[7]

[8]

[10]

[11]

[13]

[14]

[15]
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