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Abstract— This paper presents the simulation results of ep@anservation potential for designated factoriesler

incentive measures from Thailand’s energy consemaiolicy. Historical campaigns and projects edisted from the
past energy conservation policies have been redeWwbe investment cost of government and performmahenergy
conservation including energy reduction, participatof designed factories and financial indices algo investigated.
Since the achievement of energy conservation pfaicgiesignated factories depends on several factbie simulation
has been taken internal factors of designated feetoand external factor affected from economioation into the
consideration. The fuzzy inference system and ssgme analysis approach have been introduced teldpva hybrid
model for evaluating benefits of energy conservati@asures. In this approach, the benefit to catsb with different
project life cycle and percentage of governmeneitives are investigated. In addition, multi-sceosrof worth

obtained from energy conservation implementatioth warious sequential investments are evaluatedalBi, key
success factors for promoting sustainable energyervation policy in Thailand have been given.

Keywords— Designated factory, energy conservation, energyfieiency, incentive measures.

energy efficiency planning called “the 20-Year Eper
1. INTRODUCTION Efficiency Development Plan (2011-2030) or EEDP. [3]
, . . As shown in Fig. 1, this plan was set the targettiuce
At _the prgsent, Thailand is one of qe"e'op'”g couof energy intensity by 25% in 2030 compared to 2005, o
which nation economy growth is driven by high egerg equivalent to reduction of final energy consumptimn
Intensive. In 2010, a total value of energy impato 20%. In order to achieve the policy target, theeptal
Thailand was accounted of 911 billion Baht mainly jqcassment approach is necessary to evaluate energy

caused by imported crude oil (751 billion Baht).[1] onservation potential at the national level ancthet
During 1987-1997, prior to the (Asian) economicsi; individual economic sector level.

Thailand’s expenditure on energy import at an ayera
rate of 3% of the GDP as energy prices was then

relatively low. However, after the economic crisisyde 150,000 . i
oil prices sharply increased, causing an increasisgof 3 Fhom zh'zk;ff‘f"'"’”“m il I e
foreign currency to Thai currency; particularly 2008 £ ¥ At s (2600 BAL
when the crude oil price was exorbitantly high, ildval 2 120000 {Elam= 2121 gl |L | $*— 121,000
had to spend on imported energy as high as 12.8%eof j _— o __l
GDP. In 2010, Thailand’s expenditure on energy irhpo % e o
accounted for 9.0% of the GDP. A large portion of  smo{— st P Rien
energy import value results the country to be aoarted g 71,000
energy dependency. Considering Thailand energygyoli 3 ﬂ
in the present time, not only the strategies haeaied 40,000

200 2030

on distribution of energy resources and fuels, teat
reducing imported energy especially crude oil andFig. 1. Energy consumption in the past and future deand
petroleum also attempt to implement with renewable trend under business as usual case.

energy and energy efficiency projects [2]. In aidditthe ) ) . N
renewable energy development, the energy saving, For industrial sector, the energy saving potenial
management from both supply and demand side ardeverage, basic metal, chemical and paper. These

Recently, Thailand has been formulated the longiter consumption, i.e. over 84% of the total energy
consumption in the industrial sector in 2009. Thergy

conservation potential of each industrial clusteasw
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20 years. Despite the need for increasing industria2. OVERVIEW OF ENERGY CONSERVATION
energy conservation and efficiency, there were istud POLICY IN THAILAND INDUSTRIAL
results indicated that cost-efficient energy covsgéon SECTOR

measures were not always implemented accordinigeto t
company’s investment criteria [4]. The actual egerg
reduction implemented by individual factory depends
several conditions, for example, the external factuch

as the government promotion campaigns, theenergy efficiency and conservation have becomeaodne

cficiency technology development and price irendé KeY COMPOneNts (o address energy securiy. Duheg ¢
crude oil shortage in 1973, the direction of engrgiicy

Wh.lc.h can impact to _the energy conservation andin Thailand was changed with more consideratioth&a
efficiency. In the public policy making, economic

parameters have also affected a potential of festdp energy: saving and energy conservation projects. The
: o g energy policy at that time had launched severalsones

perform energy conservation activities [5]. In diohi to to prevent the oil shortage and saving electriciome

the external factor, the investment potential, gper megsures were tem orzfril re uiredgsuch as: yregucin

policy of each organization, awareness of people,the ublic lighting b FéOO/ ryestri?:tion on engi .acit

characteristic of plant operation, aging of equiptremd P ghting by % girapacity

machines, quantity and value of ~products Werenfécu?\é?r:eniysoe(ic CCAIIformégzurggwfrc?rfr?c'alov\é?rrl]:gfnt
significant factors and strongly related to the P ' ) 9

implementation of the energy conservation project i announcements had then been eliminated after tbis cr

each factory. In general, barriers to the succéssergy was n a b‘?“er situation. During .1977'19.82' the
conservation and efficiency can be summarized inproblems of high rate of oil consumption and impdrt

. : . . petroleum for electricity generation lead the gowveent
various aspects such as economic barriers, belavior : ; .
barri o . : : at that time to re-establish the campaign for eperg
arriers, organizational barriers, social barrieasd saving measures covered transportation, industey an
driving market Dbarriers [6-9]. Therefore, the 9 P '

. . - ublic sectors. Most were also temporary measures
characteristics of factories and driving forces nfro P porary

. . emphasizing on resolving the current problems sagh
externgl factors should be taken into the energynga IimiFt) a drivigg speed of gars and truckp impose Hus
potential assessment. ’

This paper preseis the stochasic model using TS, PIONCE 1 7 parcg song e mai
hybrid fuzzy-regression method for examining the load period. im o)ée the o (gnin —closin !tlirmep of the
energy conservation potential of industrial secffis serviczs ar’1 d epntertainmenF; Ia?ces r(g duce the TV
approach was considered external factors and gitern . . . Pl '

: . broadcasting time in the evening, etc. In fact, the
factors of each factory and projected the energingao ; : ;
) .__implementations of government campaigns were not
the next 20 years. The benefits from energy saving

; . capable of effective reducing the oil consumptiord a
potential are converted to monetary value in orger .
. . . imported petroleum dependency because these msasure
compare with the government supports. The inforomati .
: . were promoted with encouragement from the
required to develop to model was provided from overnment sector while end-users were act as the
surveyed 380 factories. The development of these?

aspects will concern the cost-effectiveness inpttugect {ﬁgc:glaesglr?ytﬁ: Sf?r;trgsﬁ: Oggg:g to éﬂi egjrri%ygggé
investment as well as feasibility of participativom all ' 9 9y policy g

: . . . was reviewed from the previous plan and replaced b
sectors. This paper also examined multi-scenarios o P P P y

energy conservation policy for industrial sectosdzhon gzcgothrﬁeﬁfnc_?ﬁg of OT/Z;?}T%% bZ?eft';]atf gm(;ou';?é
various economic situations. P ) 9

: : : . , i implemented the National Energy Saving Project for
This article is organized as following aspects; the. : - X
: . I : improving energy efficiency as well as the adjusitne
overview of energy conservation policy in Thailands ; . g
. : . : energy production structure. Industrial sectorhis first
reviewed in Section 2 in order to address energy

conservation policy in each period. The activitielated target sector for _prowdlng energy eﬁ'c'_ef?cy prdroo
. : ' . measures including energy audit, training in energy
to energy conservation policy, support and incentiv

. . . conservation technolo tax incentives, low insére
measures for industrial sector have been described oans and etc. The ?Sccess of ener ’ consr:;‘\a/ation
Section 3. In order to assess the effectiveness o} ’ 9y

incentive measures for designated factories, thelmplementanon in National Energy Saving Projecswa

conceptual framework of modeling development usingexpanded from the industrial sector to the comraérci

hybrid fuzzy-regression approach was described inand. reS|dent|a}I sectors_durmg 1987-1991. !n 1988,
Section 4. Then, the simulation results represeigd rapid economic expansion as well as the higher grow

worth of energy saving was presented in Sectiomn5. of commercial energy d.e_ma”d |mpa(_:ted to th_e energy
: : . . . . supply adequacy. In addition, the achievement ergn
this section, direct-subsidy and tax incentive mess ; ; . N .
: P conservation campaigns in several countries inodi

were selected to demonstrate the optimal subsithrier .

: T . Japan, Germany, and Canada which had enacted the
for promoting the energy conservation implementatd . :

: o . . Energy Conservation Act as a tool in energy

factories. In addition, multi-scenarios of govermmne conservation bromotion to private sector lead theiT
subsidy with sequential investment were also pteskn b P

. . ; . government to firstly establish the Energy Consiova
Eé)rga::l:z;ilgnscicttrl]?snsih\év; presented recommendateores Promotion (ECP) Act in 1992. The ECP Act was

In the past experience, the energy policy in Tingilhad
mainly focused on the supply side in order to ntbet
level of requirement while energy policy relatedthe
demand side was less attention to consider. Siicesl
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expected to be sustainable energy conservatiortypoli program. However,

some activities of the energy

which helps Thailand to maintain the energy segurit conservation program were stopped such as mandatory

onwards.
The strategic of energy conservation policy

energy auditing. From the mandatory tasks of detegh
in factories, major problem findings for implementatim

Thailand has been more attention over a past of twagpractical are;

decades because of the competitive market mechanism
energy conservation law and regulations and wodéwi
environmental concerns. Since the first enactmédnt o
energy conservation law in 1992, the governmentosec
plays important roles for establishing the sustalima
energy conservation policy especially in large gper
consumer. Based on a period of policy planning,
Thailand has been considered the energy consemvatio
policy from 1992-2011 under short term planning/éay
period). Since 1992, three phases of the Energy
Conservation Program have been completed: Phase 1
(1995-1995), Phase 2 (2000-2004) and Phase 3 (2005-
2011). Although the target of each plan had focused
the similar way, the details and programmatic &ty
were different depending on politic direction, ecoric
situation, oil price, energy resources availabiland
energy efficiency indicator. For practical planniod
energy conservation policy, the industrial manufenty
sector, the largest energy consumer and economic
contributor, is normally the dominate target sedimr
implementing energy conservation program when
consider a proportional of energy consumption and a
number of operating industry.

» Reports on PRE appointment were delayed since the
qualifications of the persons to be responsible for
energy consumption in the facilities did not méwt t
criteria specified by laws, or it was difficult fmd a
qualified person for the task. Also, when the PRE o
a facility resigned, a new one had to be hiredtaed
new appointment had to be reported to the DEDE.
This process was often delayed.

» The delivery of production data was delayed. This
was due to the fact that a number of PRE did not
clearly understand the way to fill in the energy
consumption information in the given form, or some
of the required information was not available. The
production data in some designated factories is not
preferred to reveal from its confidential infornaati

e The plan and target of energy conservation program
was not directed assessed because of a number of
energy expertise or specialists is limited when
compared to the total number of designated
factories.

For the government supports, there were several

incentive measures which provide to the privatamec

and social community. In this study, activities &rergy

3. THE IMPLEMENTATION OF ENERGY
CONSERVATION PROGRAMS AND
INCENTIVE MEASURES IN THAILAND

The energy conservation programs implemented in
Thailand can be classified by three perspectives:
compulsory  program, voluntary program and
complementary program. For the compulsory program,
the energy conservation program, a part of the BER

put mandates on so-called designated factories and
building to perform the energy conservation adtgit
Mandatory tasks for designated factories are:

» Appoint at least one Personal Responsible for
Energy (PRE) or energy manager to regular work
related energy conservation activites in an
organization;

» Report energy consumption and production capacity
in half a year perio@Form Bor Por Ror 1);

» Determine the Energy Conservation Plan and Target
and submit to DEDE at every three years;

» Conduct the energy audit funded by the Energy
Conservation Program.

The successful implementation activities at inifedte
were primary driven by the Energy Conservation
Promotion Fund (ENCON Fund). It was used as working
capital and as grants or subsidy for energy consierv
investment and operations, promotion of renewable
energy utilization, public relations work, energtated
research and development, information dissemination
public awareness campaigns and expenses for
management and monitoring of the energy conservatio

efficiency implementation in the first two phasd99%5-
2007) were:

» Grants designated factories and buildings for
conducting preliminary and detailed audits;

« Promote cost-based tax incentive program (direct
subsidy) to encourage private sectors and entespris
to invest in high energy efficiency equipment. e t
pilot phase, the government provided 10 million
Baht for 25 factories and resulted the saving 661.
GWhlyear. This measure has been extended a
government budgetary of 100 million Baht to
encourage energy conservation programs of private
sector.

. Promote performance-based tax incentive program
with financial support from the Energy Conservation
Promotion Fund. In this measure, there were 219
companies received the subsidy contributed energy
saving by 37.68 ktoe/year or 857.19 million Baht.
Total project investment cost was 1322.91 million
Baht while government supported in term of tax
deductible of 62.65 million Baht.

. Promote a new energy business model in term of an
energy service company (ESCO) by giving tax
incentives from Board of Investment. Although the
ESCO industry has been continued to promote for
energy conservation programs, it is a limited numbe
of company in Thailand. The services of ESCO for
energy conservation activities are still not widely
known from private sector.

. Promote Board of Investment (BOI) incentives for

energy conservation that include corporate income
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tax exemptions and import duty exemptions for aspect, it is proposed for decision a feasibilitf o
energy conservation equipment; participation for designated factories to implement
. Provide energy revolving fund offered low cost €nergy conservation project which presented in the
loans for energy conservation and renewable energNerdy management report. Second, the degree of
projects. This measure contributed investment inMembership function is represented as a confidentia

energy conservation projects by 13815 million Bant level of designated factories to implement energy
while the government subsidy was accounted byconservation measures under different economic
6,820 million Baht. The benefits of saving Situation. For the regression analysis techniqteis i

approximate with 300.84 ktoe/year or 4,698 million €mployed to construct the model with two independen
Baht/year; variables: an investment cost of designated faztoaind

- . a number of supports for implementing energy
) Supp(_)rt _ESCO _fund_by one billion Baht through_ SIX conservation programs. The framework of hybrid nhode
activities: equity investment, venture capital,

) . . . ' development for assessing energy conservation faiten
equipment leasing, carbon credit market, technical. P : . L

) . o is shown in Fig.2. The following provides descrptiof
assistance and credit guarantee facility. However

this campaign was preferred by renewable projectétWO approaches for model development.

while energy conservation is less attention.
Develop participatory approach for  energy

Table 1 A number of sample classified into nine catpries

conservation that provides funding support for tecél number total

; i o number of % of
advice (<100,000 Baht) to factories on value engjiimg category of desionated| sample
(VE) and energy management. This measure has been sample fagor P
promoted for designated factories since the pashdiz y
The success of implementation leads to introduéiig F%Od’ beverage and 77 797 10.60
measure for small and medium factories (SME). Ourin | '0Pacco
2002-2008, there were 1,036 designated factories ha| textile 31 364 8.50
participated this campaign and it contributes taeirg Wood and wood
of 1,716.4 million Baht or 72.12 ktoe/year. In adfi, products 13 105 12.38
the VE program for 1,068 SME faqt(_)rles can contebu Pulp and papers 10 109 920
the energy saving value of 561.6 million Baht/year.

Chemical,

4. THE HYBRID FUZZY-REGRESSION MODEL petrochemica and 82 756 10.80

FOR ASSESSMENT ENERGY P

CONSERVSTION POTENTIAL Non-metallic mineral 19 164 11.60
In order to study the implementation of energy BaSi? metal 19 215 8.80
conservation projects, the survey approach with| Fabricated metal,
questionnaire related to energy conservation dietivin machines and 107 1,011 10.60
factories is used as a tool to collect information. | duiPment
Responded factories operating inside and outside Other manufacturing 19 70 27.10
industrial estates are shown in Table 1. The nunober | iotg 377 3,521 10.50

survey sample is 377 factories or 10.5% of total
designated factories. Most are classified as the41 Fuzzy inference system
designated factory, the large energy consumer,ewhil
approximate 15% is the medium scale industries and A concept of fuzzy had introduced by Lotfi Zadeh in
expected to be a designated factories in the newt f the mid of sixties to deal with a reality problembkich
year. When classify a sample into the nine indaistri contain more or less uncertain, vague and ambiguous
categories, the survey shows that the factorieseund general, the fuzzy concept is represented by fisety
fabricated metal, machines and equipment (TSICha8) and fuzzy logic to extend classical sets and madiiead
a largest number of respondent (107 samples),wello  logic which normally define by yes or no, whiteldack,
by chemical, petrochemical and chemical produc&CT  true or false. Fuzzy sets and fuzzy logic deal wltfects
35) with a number of 82 samples and food, beveamge by using a fuzzy numbers which describe grade grete
tobacco (TSIC 31) with 77 samples, respectively. of membership function betweent(l). More details on

In order to evaluate the energy conservation piaient fuzzy logic theory and applications are outlined in
of factories with consideration external and ingrn References [10-11]. A concept of fuzzy inferencéhis
factor, two methodologies have been employed toprocess of formulating the mapping from a giveruinip
develop the hybrid model: fuzzy inference systerd an an output using fuzzy logic. In this study, a cqtcef
regression analysis technique. For the fuzzy imeee fuzzy set is employed to develop the decision model
system concept, it is used in two perspectivesst Fir using a fuzzy logic or fuzzy rule.
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A1l: Cost of energy
Fuzzy Inference

A2: Management standard \

: system wl
A3: Integrated .
managemenstandard — (internal factors
A4: Submission energy / Energy saving
manigement Repo . o

g b potential with internal
and external factor

. Economic model
B1: GDP (external factor) w2

C1: investment of energy
saving projects E— %10/

~

2
o

C2: a number of
essential supports from S
government v

0.

o

estimated saving
potential by
regression analysis
approach

Estimated Saving (Baht)
=

Mo

Investment in EMS (Baht) 0 1 A 25 TS (S

Fig. 2. Conceptual framework of the proposed moddbr estimating energy conservation potential.

reduction target as shown in the energy management
4.2 Regression analysistechnique report. For example, if an industry expected thatual
energy reduction target by a project of high eéficy

Thel regression aralyglsblls a te(r:]hmqttrj]e f?r modeilr;g] ¢ motor replacement to be 100,000 kWh. The proposed
analysing several variables, when ine 1ocus 1S model will calculate a confidential level or paipiation

relatlo_nsahlp bztwien a gepindem_ va?e:jbletan culr;e Ofactor of energy reduction target with input vahebin
more 1n eptenhe_n varia e'd tord |slsuf Y .e.'g:]a FIS. Four significant variables for constructionz4y
regression technique is used to develop for priegiche inference system consist of energy ca@g),(a number of

tenerg_y dreducélont targetbcl)f r_“nt?] mdusttrlal fse(;:tm_m ¢ dmanagement standards,), integration of management
WO independent variables. ne —cost of ~designate standard A;) and energy management report submission
factories to invest in energy conservation projectd a

number of support and measures which enhance th /). Assumption in each input variable can be desdib

. : ; s following;
achievement of energy conservation  project _ )
implementation. Al: the energy cost was derived from survey

questionnaire. It consists of two cost elementtuting
electricity and thermal energy. In fuzzy rule, aghi
energy cost industry was more expected to achieve
4.3.1 Internal factor model energy reduction than a lower energy cost industry.

In general, industrial manufacturing sector interds A2: a number of management standards were
monitor and control business target based on coynpanimportant factors for the success of energy cordem
profits. The quantity and quality of products dre tnost ~ project implementation. In this study, the three
important factors which impact to business growth. worldwide standards (ISO 9001, ISO 14001 and OHSAS
Without establishment energy conservation laws and18001) were considered. An industry with more
regulations, the energy efficiency was expectedess ~ standards was expected to achieve the energy
attention by top management perspectives whenconservation target higher than an industry without
compared to a quantity and quality of products. certified management standard.

However, the energy conservation and energy effogie A3: Not only a number of management standards, the
projects have been more considered for large scaléntegration of the existing standards was also etgueto
industries over a decade after the oil price craigl  enhance the success of implementation of energy
energy conservation law enforcement. For this neaso conservation projects.

internal factors of industry were strongly relatedthe
success of energy conservation projects. In thigyst
four significant factors from large scale indudtgarvey
were selected to be the input variables for thdstat
process with fuzzy inference system. The output of
internal factor model in a range of 0 to 1 will icate a ) ) L
level of confidential of an industry to achieve gwergy Fig. 3 illustrates the model of participation facto

4.3 Overview of the model development

A4: The submission of energy management report to
the DEDE was expected to indicate the responsilulit
an industry. In this report, the lists of investm@tan
and activities related to energy conservation ptoje
implementation were given.
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estimated from internal factors of surveyed fae®rin developed by two input variables: the investmergt co
TSIC 31 by FIS approach. Since a number of surveyedC,;) of designated factories for implementing energy
factories in TSIC 31 account by 10.6% of total saving project and a number of measureg (@hich
designated factories in this sector, the boostrapfactories requested a support from government secto
technique, a statistical method for estimating theThe data set of investment cost and a number of
sampling distribution, was applied in order to gt  measures has been modelled by multiple regression
to participation factor of all designated factorieseach  technique to predict a potential of energy savimgach
industrial category. Comparison the participatiactdr designated factory.

from FIS before and after resampling with boostrap

technique is presented in Fig. 3. We can see tmt log(ES)=log(C;)+C, +k (1)
pattern of participation factor after using bootra
technique is normal distribution in a range of 0097 . where k is constant number while ES is expressetien
unit of Baht/year. In this study, the ES was présgras
o Participation factor distribution of designated factories in TSIC 31 from survey data the worth or benefits from energy conservation
<ZE< T g implementations in a year. The information of fagto
g o8 ° investment was based on the year of 2007-2009.
g o8 8 In the survey questionnaire, a number of measurds a
£ oaf o supports from government are limited by 5. Examplies
:g 02 8 ‘ ‘ ‘ ‘ ‘ ‘ measures from government support to enhance
« M et tom s designated factories to implement energy consemvati
Participation factor distribution of designated factories in TSIC 31 projects include technical expert assistance, fi@n

w
=}
=}

assistance (soft loan), tax incentive with costeblaand
performance-based, energy service company.

N

=}

=)
T

Number of designated factory

100 mean participation factor = 0.79833 5 THE STUDY RESULTS
std. participation factor = 0.20149
% o1 02z 03 04 05 06 07 08 09 1 In this section, we provide the information relatedhe
Participation factor fiom boostrap technique industrial preference for subsidy programs in ortier

implement energy conservation projects under pteden
in the energy management report. As is presented in
Table 2, the percentage of respondent with sevéorep

is significant to the benefits which factories cha
obtained. In the industrial survey, the direct imoee,
Manufacturing industry is the highest contributar f normally in range of 20-30% of investment cost for
economic and social development in Thailand. Theenergy efficiency equipment, is the most preference
demand situation of global or local economy disectl option to obtain for implementing energy consexvati
impact to the value added of industry which can beproject with 80.75% of total samples in this studien,
monitored by the growth rate of GDP. In this studs the measure of tax incentive (cost based, perfocean
formulated the participation factor of energy based) is also high level of preference by 63.06%,
conservation implementation of factories under auasi  followed by the measure of soft loan financial sissice
conditions of national economy. The relationship by 37.99% and ESCO program by 28.5%. It is also
between GDP growth rate and participation factq) (8 surprise that the measure of technical assistaneery

Fig. 3. Participation factor to implement the enery
conservation programs of factory in TSIC 31.

4.3.2 External factor model

implementation was assumed as shown in Fig. 4. low rate of preference which account by only 0.790.
B “ addition, there are significant portions by 20.05%

. ‘ ‘ ‘ sample factories which not request for any supdfoota
121 . government sector. The feasible reasons to exjpkein

option of expert and technical assistance is that t
factories are not satisfy the previous performan€e
expert assistance from the past. The technical ledge

°°r il of factory’s staff is sufficient to deal with thenergy

o8 . conservation project. The respondents are alsaateti
that this measure is non-monetary support directly.
Furthermore, there are several reasons which fastor
not prefer measures and support from government to

11- *

1 4

Participation factor

0.7+ B

0.6 *

o5 ] implement energy conservation projects. For exasple
0al - - - - the quantity of production is more important théme t
% GOP growthrate energy saving aspect. The energy cost for somerfast
Fig. 4. Participation factor under economic situatbns account by a small portion when compare with thels
and employee cost and raw material cost. Otherilless
4.3.3 Energy saving potential model reasons include the complex of subsidy procedure,

] ] unattractive rate of incentives and financial reseu
The model of energy saving potential (ES) has beenjmjtation to implement the energy conservationjects.
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Table 2. Respondent related to the preference of gports

No Subsidy programs %
1 Not prefer 20.05
2 Tax incentive 63.06
3 Direct subsidy 80.75
4 Soft loan 37.99
5 ESCO 28.5
6 Expert, technical assistance 0.79
7 Other 1.85

Considering the incentive measures shown in Fig. 5
which classified energy cost of sample factoribs, tivo
incentives of tax incentive and direct subsidy paogs
are still most preference incenives for factories t
implement energy conservation projects particularly
industries with high energy cost. In contrast, rmaustry
with low energy cost has less attention to consider
energy conservation projects and the measure o
expert/technical assistance not much prefers fatales
of factory. Therefore, the simulation of enery
conservation potential assessed by the proposeddhyb
model selected the measures of direct subsidy axnd t
incentives for investgating the optimal subsidytesia
from government sector. The project life cycle frano
10 years has been varied in order to determine th
sensitivity of financial performance as well as th&e of
government subsidy.

1<500,000
= 500,000-5,000,000
5,000,000

% of response

Fig. 5. Percentage of industrial response under sshy
programs preference considering energy cost

Direct subsidy program

The energy conservation promotion with 30% direct
subsidy incentive for industrial sector is one o most
successful programs in Thailand. The concept i®das
on the successful implementation in Denmark. The
keypoint of this campaign is from the attractivéeraf
subsidy for industry to invest in a pre-approvest In
high energy efficiency equipment. In the subsidiecda,

the government provides the 30% direct subsidy of
equipment investment but not higher than 30% of
standard price. The minimum subsidy is 15,000 Baht
while the maximum support is limited at 2,000,008hB

urnal 6 (2012) 67 - 78

per factory. In the other word, the capital cost fo
investment in this project is in a range of 50,000-
6,670,000 Baht. During the pilot project in 200020
the 25 non-designated factories and buildings was
selected as the target sector with project budgetal0
million Baht. In general approval criteria, the sited
measure of energy conservation project should fzave
pay back period within 7 years. In general, thisgpam
is simple. The factories is not required to caltla
financial or economic return and the proceduresnate
much complex for approval process. So, this canmpisig
attracted from many investors wich 11 standard oress
are approved to receive the subsidy incentivesh hig
frequency electronic ballast for lighting, variatdpeed
drive on air compressor, insulation of pipes andases,
variable speed drive for pump, heat recovery eqaitm
controller of air supply for combusion, air to heat
exchanger, high efficiency motors, luminaires retfhes,
voltage regulator and power control for lightingsgm.
However, the direct subsidy program was announced
nly in some periods and was stopped because from
everal reasons. The most important was the
misperceptation that such a kind of subsidy is non
macro-economically justifiable. In this study, ttgect
subsidy program is demonstrated for promotion imglo
term energy conservation policy which planned from
2011-2030. The project life cycle is expected inge 2-
10 years. The variable of percentage for government

e3ubsidy to the industrial sector is varied from 20080.

The results of simulation in case of BAU scenafi®pP
3.5-6%), high economic growth rate situation (GDP
>6%) and low economic growth situation (GDP <3.5%)
are shown in Fig. 6 to Fig. 8, respectively.

The general results show that the benefit to caisd r
will be increased when the project life cycle isesxded.
Under the similar government budgetary, the benefit
cost ratio will be decreased if the percentage of
government subsidy is increased because the ingastm
from factories is minimized. As results of BAU segio
shown in Fig. 6, the optimal criteria for implemieigt
energy conservation project is that the projeet ticle
must be longer than two years and the percentage
government subsidy is lower than 50%.
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o 4.00
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T 350 80%
= ”
B 300 —HE0%
S 250 70%
2200
[
@ 150

1.00
0.50
0.00

&
Project life cycle (vears)

Fig. 6. Benefit to cost ratio for direct subsidy pogram with
BAU scenario.
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Fig. 7. Benefit to cost ratio for direct subsidy pogram with
high economic growth rate scenario.

For the high economic growth rate, the energy
conservation implementation is considered as theomi
priority while the quantity of products is more iorant
for factory profits. The government should provitie
subsidy lower than 60% while the mimimum life tinse
expected with three years. The simulation resultthis
case is presented in Fig. 7. In the low economiavir

users invest in the proved energy efficiency tetdmo
However, this measure leads to the large burden
budgetary of government. Then, the performanceebase
tax incentive programs are introduced for reducing
government constraint while the end-users are still
received the incentive with acceptable value. Fast-c
based tax incentives, a 25% tax break is given to
industrial sector for investing in projects thasuk in
efficiency improvement. These tax breaks are apble

to the first 50 million Baht investment and spreagr a
5-year period. In contrast to the cost-based censitbn,

the performance-based is introduced with 100% gf ta
deductible for all energy saving achieved. The maxn

of this incentive measure is set at 2 million Bahtthis
option, the procedure of pre and post energy saantit

is necessary to perform in order to certify theuakt
saving. Since two measures are related with tax,
simulation results have been varied governmentidubs
from 15-85% while the project life cycle has a $ani
range with direct subsidy measure. The summaryteesu
of simulation obtained from the hybrid fuzzy-regies
model for BAU, low growth rate GDP and high growth
rate GDP are illustrated in Fig. 9-Fig. 11, respety.

rate or recesstion period, the energy conservation ag shown in Fig. 9, we can investigate that overall

implementation is considered as the major poliaydid
factories in order to maintain their business ofi@na
profits. As the results shown in Fig. 8, the goveent
should provide the subsidy lower than 70% while the
mimimum life time is expected with two years.
However, the results of this scenario may be rexkit
factories counter a financial constraints from eouit
recession and result of investment capability foergy
conservation project implementation. Therefore, the

results of benefit to cost ratio for the tax indemt
measure are lower than direct subsidy program utmger
similar percentage of subsidy. If considering thsecof
BAU with the project life cycle of 2 years, the ntraxm
percentage of subsidy for tax incentive measurailgho
not higher than 25% in order to achieve the benefit
cost ratio at least 1.0. For the case of projéetdycle is

3 years, maximum criteria of the tax incentive nueas
should not more than 55%. However, the economic

concept of value engineering with provision of &neg gjyations can provide different results of cost-

conservation experts or technical assistance

ISeffectiveness for investment in energy conservation

recommended. The low investment budgetary such agograms. Fig. 10 shows the simulation resultsenfeit

housekeeping measures are situated for this case.

to cost ratio for tax incentive measure in casehigh
growth rate of GDP. Our main finding results indica
that the tax incentive measure should not providete
energy conservation projects with the life cyclesléhan
3 years in order to maintain the benefit to cosibrat
least 1.0. In addition, the optimal percentage uifsaly
for the project life cycle between 5-7 years shoodd
higher than 65% while the energy conservation pteje
with life cycle between 8-10 years should be resgithe
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Fig. 8. Benefit to cost ratio for direct subsidy pogram with
low economic growth rate scenario.

Tax incentive programs

For tax incentive measure, there are two programs

considered in this study: cost-based tax incentind
performance based tax incentives. In the initiatestthe
campaign of cost-based tax incentive is firstlyrpoted
because of government needs all energy intenside en
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incentives at maximum of 75%.
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Fig. 9. Benefit to cost ratio for tax incentive prgram with

BAU scenario.
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Fig. 10. Benefit to cost ratio for tax incentive pogram with
high economic growth rate scenario.

For the situation of low economic growth rate, the
trend of investment performance under various siybsi
rates is shown in Fig. 11. The tax incetive meabaea
maximum rate for subsidy by 25% if the project life
cycle is at 2 years. The maximum subsidy of 75%Ise
possible if the project life time is at least 7 ngearhe
simulatio results also indicate that the benefitctust
ratio in this case is more sensitive with the défe rate
of subsity and project life cycle.

6.00
5.50
5.00
450
4.00
350 -
3.00 -
250 -
200 -
1.50
1.00 -
0.50

—==15%
——25%
—+—=35%
—=45%
——55%
——65%

75%

85%

Benefit/cost ratio

2 3 4 5 6 7 8 9 10
Project life cycle (years)

Fig. 11. Benefit to cost ratio for tax incentive pogram with
low economic growth rate scenario.

The relationships between the investment performanc
index (benefit to cost ratio) under several coodii of
economic situation, percentage of incentive subsiaky
project life cycle have already presented. Howewer,
fact, the decision making for implementing energy
conservation project in industrial process are saqtial

investment. The factories need to choose the optima

timing for thier investment program based on thier
specific industrial prioritie rather than the firtgad
internal rate of return of the investment projelina.
The multi-scenario of goverment investment withesal/

Bhasaputra / GMSARN Interoatil Journal 6 (2012) 67 - 78

investgate the sensitivity of financial investmémdex,

four scenarios with varying the time sequential of
investment in each subsidy measure is assumed thieile
project life time is estimated in a range of 3-ange The
annual worth of energy saving with the interese rat

5% is ploted according to the sequential investrfrem
government. The assumption in each scenario and
simulation results are given as follow;

Scenario 1: promoting direct subsidy measure with 5-
year period and the tax incentive measure with 2-year
period.

This first scenario has been examined on the faat t
30% direct subsidy is the most attractive for deaigd
factories. Therefore, the strategic planning fampoting
this incentive is setting 30% direct subsidy progras
the first priority, followed by 25% cost-based tax
incentive. In this scenario, direct subsidy meashae
been scheduled in the five years period while tax
incentive has planned to promote in every two yeHng
time sequential of two subsidy programs within 2@ans
long term planning is shown in Fig. 12. The annual
worth derived energy saving potential over 20 yedth
5-year project life cycle is also illustrated. Timet
present value (NPV) of this scenario is calculabsd
8,597.14 million Baht. However, the government
investment is also high which accounted by 400iomill
Baht for direct-subsidy and 600 million Baht forxta
incentive program.

® saving tax incentive
investment tax-incentive

msaving direct subsidy
minvestment direct subsidy

O N T O ]
Q 9 9 9 g
& © ©o o o

Annual worth (million Baht)

o

12 13 14 15

17 18 19 20

Q
S

)
o
<3

years

Fig. 12. Annual worth of scenario 1.

Scenario 2: promoting direct subsidy and tax incentive
measures with 5-year period

This second scenario is based on the similar s¢t&ddu
two incentive measure programs. The direct-subaity/
tax incentive is expexted to promote in every Sryea
period. This scenario provides designated factories

time sequential for promoting energy conservation have two options for energy conservation projettse

measures to the designated factories is present#dsi
section. The incentives of 30% direct-subsidy abé6?2
cost-based tax incentives are selected for congratise
results. In this calculation, the investment caaiats of
government budget for the 30% direct-subsidy pnogra
is 100 million Baht a year while the tax incentiieset
the budget with 60 million Baht a year. In order t

time sequenctial of government support over 20-ygar
shown in Fig. 13. The expected saving from two &lybs
measure presented by annual worth have a simdadir
The NPV of this scenario is calculated by 5,873.09
million Baht and the government investment is lower
than the first scenario. Overall investment burdiem
government subsidy is 640 million Baht which 400
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million Baht is from direct subsidy and 240 milli@aht
from tax incentive measures.

= saving tax incentive m saving direct subsidy
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Fig. 13. Annual worth of scenario 2.

Scenario 3: promoting direct subsidy and tax incentive
measure with 4-year period, the tax incentive measure
lack the direct subsidy by 1 year

This third scenario is set the interval for subssinprtter
than the first scenario while the direct subsidysiil
considered as the first priority for announcemémthis
scenario, the direct-subsidy is placed on the oofiést,
5th, 9th, 13th and 17th-year while tax incentivesés on
the 2nd, 6th, 10th 14th and 18th-year. The secaieoti
subsidy programs and the saving potential is Haistl
in Fig. 14. The NPV of this scenario is calculatey
6,878.06 million Baht. The government investment to
promote this campaign is about 800 million Baht ahhi
the 500 million Baht is nessessary for direct sipsind
300 Baht is required by tax incentive program.

m saving tax incentive m saving direct subsidy

600

investment tax-incentive minvestment direct subsidy

Annual worth (million Baht)

1€ 11 12

14 15 16

18 19 20

-200 years

Fig. 14. Annual worth of scenario 3

Scenario 4: promoting direct subsidy and tax incentive
measure with 3-year period, the tax incentive measure
lack the direct subsidy by 1 year

This last scenario is established with the 3-yeaiod of
two subsidy programs. This scenario is based orathie
enforcement for designated facories to performahee
energy conservation projects and these requirexdinh
support from government frequently. Fig. 15 illasés
the government investment sequential over the 20-ye
planning period. The direct subsidy is still comsit as
the first priority for announcement and followedwthe
tax incentive measure program delayed by 1-yeathitn
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scenario, the direct-subsidy is placed on the oofidst,
4th, 7th, 10th, 13th,16th and 19th-year while tax
incentive is set on the 2nd, 5th, 8th,11th 14tty1atd
20th-year. The NPV of this scenario is calculatgd b
9,019.26 million Baht. The government burden to
promote this campaign is in the highest level camga
to the onther scenarios. In this option, overalestment
from government is about 1,120 million Baht whitte t
first 700 million Baht is from direct subsidy pregn and
420 Baht is required by tax incentive programs lhoted
that the simulation results is calculated basedthmn
constant price of energy while the factory invesitris
obtained from survey. In case of energy pricesigbdr
than the present situation, there are more oppitigsn
for promoting the subsidy program with short sedjia¢n
period of investment.

800 = saving tax incentive msaving direct subsidy

investment tax-incentive minvestment direct subsidy
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Fig. 15. Annual worth of scenario 4

In order to compare the cost-effectiveness of
investment in each promotion campaign, Table 3
summarizes the NPV of four scenarios under theeptoj
life time of 3-5 years. This analysis considershbtite
NPV which derived from energy saving potential in a
year and the burden from government investments;Thu
we define the cost-effective investment index WiV
and divided by government investment to represeat t
term of effectiveness. Based on the analyticalltesn
Table 3, the results show that scenario 2 is thstmo
efficient for promoting subsidy of energy conseiwat
projects with the NPV/government investment of 9.18
followed by scenario 1 and scenario 3 with the
NPV/government investment of 8.60. These imply that
the effective promotion is from the announcemertinaf
incentive measures in the similar period. In casifrthe
scenario 4 provides the lowest feasibility for psing
the factories to implement the energy conservation
projects although it contributes the result in teofn
highest energy saving return. In this case, theaoe 4
provides the NPV/government investment of 8.05.

The results of four scenarios imply that the stggitof
investment to promote energy conservation programs
based on long term period is strongly affectedhe t
burden of government as well as the worth of energy
saving. In practical, factory ability for replacemte
equipment from the existing system to the high
efficiency technology is different from each other
although they are classified within the similarecary.
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In this aspect, the large scale factory (large pctidn and project life time. In addition, the proposeddesichas
volume or large energy consumption) has limitations been studied with the multi-scenario of government
higher than a small scale factory for investment ininvestment for promoting energy conservation policy
equipment with contributes a major impact of energy The sequential timing of government subsidy foedir
efficiency. Thus, our recommendation is that the subsidy and tax incentive programs results to the
percentage of subsidy should be considered theddize different investment performance index. Becaus¢hef
project investment. A factory required to changaajor factory can request the subsidy of energy conservat
(major impact to the energy saving or energy edfficly) measure only one time per subsidy program, sustiEna
should be received more percentage of subsidy. Oupolicy should be based on the project with long time
further recommendation for sustainable and effectiv while the investment is in an acceptable range.
policy for energy conservation is that the persoran Furthermore, our findings from survey clearly dapl
organization who is aggressive to energy consemati that company policy and management understandimg ar
implementation should be received benefits from thethe key driver for effective implementation of eger
worth of saving in order to encourage awarenessttand conservation activities. Finally, the direct sulysaohd tax
responsibility of energy conservation in mind. incentive are the most industrial preference for
enhancing the energy conservation policy in Thallan
Table 3 Financial index from four investment scenans

Project] NPV NPV REFERENCES
Scenariq life time | (x10° Baht)| Investment_/Investment [1] Energy Statistic of Thaland 2011, Energy Policy and
5 8,597.14 8.60 Planing Office (EPPO), Ministry of Energy.
1 4 6,731.11| 1000 6.73 [2] Energy Strategy, Ministry of Energy, Rgtrieved May
3 008.9 0 15, 2012 from the World Wide Web:
5,008.91 501 eppo.go.th/doc/index.html
5 5,873.09 9.18 [3] Thailand 20-Year Energy Efficiency Development
2 4 4,551.31 640 7.11 Plan (2011-2030), Ministry of Energy.
3 340279 5 32 [4] Rohdina, P., Thollandera, P., Solding, P. 2007.
S . Barriers to and drivers for energy efficiency ireth
3 5 6,878.06 8.60 Swedish foundry industryEnergy Policy35: 672-
4 5,543.33 800 6.93 677.
3 4,096.78 512 [5] Oikonomou, V., Becchis, F., Steg, L., Russolilla, D
5 9.019.26 8.05 2009. Energy saving and energy efficiency concepts
4 it : for policy making.Energy Policy37: 4787-4796.
4 7,158.64 | 1120 6.39 [6] SPRU (Science and Technology Policy Research),
3 5,299.14 4.73 2000. Reducing Barriers to Energy Efficiency in
Public and Private Organizations. Brighton.
6 CONCLUSION [7] Blumstein, C., Krieg, B., Schipper, L., York, C.,

1980. Overcoming social and institutional barrigrs
For the past decade, the investment for energy energy conservatiofEnergy5: 335-349.
conservation policy in Thai industries has beermmted  [8] De Canio, S. 1993. Barriers within firms to energy-
with several government measures. However, the efficient investmentsEnergy Policyl (9): 906-914.
uncertainty of manufacturing operation and investime [9] de Groot, H., Verhoef, E., Nijkamp, P. 2001. Energy

limitations lead the actual energy reduction fronergy saving by firms: decision-making, barriers and
conservation implementations to difficulty to assés policies.Energy Economic&3 (6): 717-740.
practical. This article presents the approach for[10]zadeh, L. 1965. Fuzzy sets. Information Control 8,
estimating energy reduction potential using therioyb 338-353,

fuzzy-regression model. The fuzzy concept is intaetl ~ [11]Bojadziev, G., Bojadziev, M. 1995. Fuzzy sets,
to deal with the uncertainty of project implemeittat fuzzy logic, applications. Advances in fuzzy
while the regression is used to describe the ceiakiip systems-Applications and theory, Vol. 5.

of investment and energy reduction potential ofdges.
The internal factors of factories obtained fromveyr
and various economic situations which significantly
impact to the success of energy conservation popre
considered as the inputs for model developmenterAft
the model is already set up, the investment ofofées
related to energy conservation project with diffeére
subsidy options and project life time have been
simulated. The benefit derived from energy saviog t
total cost of government investment is investigafeue
simulation results indicate that the mechanism icéad
subsidy measure can contribute the higher benfits
the tax incentive under the different governmeitisgiy
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