ISSN 1905-9094

GM SARN
INTERNATIONAL JOURNAL

Vol.6 No.2
June 2012

Published by the

GREATER MEKONG SUBREGION ACADEMIC
AND RESEARCH NETWORK

c/o Asian I nstitute of Technology

P.O. Box 4, Klong Luang, Pathumthani 12120, Thailand




o

1o

GMSARN
INTERNATIONAL JOURNAL

Chief Editor
Assoc. Prof. Dr. Weerakorn Ongsakul

Associate Editors
Assoc. Prof. Dr. Thammarat K oottatep

Assoc. Prof. Dr. Rgjendra Prasad Shrestha

Asst. Prof. Dr. Vilas Nitivattananon

Assistant Editor
Dr. Vo Ngoc Dieu

Prof. Worsak Kanok-Nukulchai

Dr. Deepak Sharma

Prof. H.-J. Haubrich

Dr. Robert Fisher

Prof. Kit Po Wong

Prof. Jin O. Kim

Prof. S. C. Srivastava

Prof. F. Banks

Dr. Vladimir |. Kouprianov
Dr. Monthip S. Tabucanon
Dr. Subin Pinkayan

Dr. Dennis Ray

Prof. Wanpen Wirojanagud
Dr. Soren Lund

Dr. Peter Messerli

Dr. Andrew Ingles

Dr. Jonathan Rigg

Dr. Jefferson Fox

Prof. Zhang Wentao

Prof. Kunio Y oshikawa

ADVISORY AND EDITORIAL BOARD

Asian Ingtitute of Technology, THAILAND.

University of Technology, Sydney, AUSTRALIA.

RWTH Aachen University, GERMANY.

University of Sydney, AUSTRALIA.

Hong Kong Polytechnic University, HONG KONG.

Hanyang University, KOREA.

Indian Institute of Technology, INDIA.

Uppsala University, SWEDEN.

Thammasat University, THAILAND.

Department of Environmental Quality Promotion, Bangkok, THAILAND.
GMS Power Public Company Limited, Bangkok, THAILAND.
University of Wisconsin-Madison, USA.

Khon Kaen University , THAILAND

Roskilde University, DENMARK.

Berne University, SWITZERLAND.

IUCN Asia Regional Office, Bangkok, THAILAND.

Durham University, UK.

East-West Center, Honolulu, USA.

Chinese Saciety of Electrical Engineering (CSEE).

Tokyo Institute of Technology, JAPAN




GMSARN MEMBERS

Asian Ingtitute of Technology

Guangxi University

Hanoi University of Technology

Ho Chi Minh City University of

Technology

Ingtitute of Technology of
Cambodia

Khon Kaen University

Kunming University of Science

and Technology

National University of Laos

Royal University of Phnom Penh

Thammasat University

Y angon Technological University

Y unnan University

P.O. Box 4, Klong Luang, Pathumthani 12120, Thailand.
www.ait.asia

100, Daxue Road, Nanning, Guangxi, CHINA
www.gxu.edu.cn

No. 1, Daicoviet Street, Hanoi, Vietnam S.R.
www.hut.edu.vn

268 Ly Thuong Kiet Street, Digtrict 10, Ho Chi Minh City, Vietham.
www.hcmut.edu.vn

BP 86 Blvd. Pochentong, Phnom Penh, Cambodia.
www.itc.edu.kh

123 Mittraparb Road, Amphur Muang, Khon Kaen, Thailand.
www.kku.ac.th

121 Street, Kunming P.O. 650093, Y unnan, China.
www.kmust.edu.cn

P.O. Box 3166, Vientiane Perfecture, Lao PDR.
www.nuol.edu.la

Russian Federation Blvd, PO Box 2640 Phnom Penh, Cambodia.
www.rupp.edu.kh

P.O. Box 22, Thamamasat Rangsit Post Office, Bangkok 12121,
Thailand.
www.tu.ac.th

Gyogone, Insein P.O. Y angon, Myanmar

2 Cuihu Bei Road Kunming, 650091, Y unnan Province, China.
www.ynu.edu.cn

ASSOCIATE MEMBERS

Chulalongkorn University

Mekong River Commission

Nakhon Phanom University

Ubon Ratchathani University

254 Phayathai Road, Pathumwan, Bangkok, 10300, THAILAND
www.chula.ac.th

P.O. Box 6101, Unit 18 Ban Sithane Neua, Sikhottabong District,
Vientiane 01000, LAO PDR
www.mrcmekong.org

330 Apibanbuncha Road, Nai Muang Sub-District, Nakhon Phanom
48000, THAILAND

www.npu.ac.th

85 Sathollmark Rd. Warinchamrap Ubon Ratchathani 34190,
THAILAND
www.ubu.ac.th




. % GMSARN
INTERNATIONAL JOURNAL

GREATER MEKONG SUBREGION ACADEMIC AND RESEARCH NETWORK
(http://www.gmsarn.orQ)

The Greater Mekong Subregion (GMS) consists of Gatish) China (Yunnan & Guangxi Provinces), Laos,
Myanmar, Thailand and Vietnam.

The Greater Mekong Subregion Academic and Resddetivork (GMSARN) was founded followed an
agreement among the founding GMS country instigicigned on 26 January 2001, based on resolutions
reached at the Greater Mekong Subregional DevelopMéorkshop held in Bangkok, Thailand, on 10 - 11
November 1999. GMSARN was composed of eleven of rdgion's top-ranking academic and research
institutions. GMSARN carries out activities in tfidlowing areas: human resources development, jeisgarch,
and dissemination of information and intellectuséets generated in the GMS. GMSARN seeks to ernkate
the holistic intellectual knowledge and assets gard, developed and maintained are shared by iaedeims
within the region. Primary emphasis is placed omgementary linkages between technological andosoci
economic development issues. Currently, GMSARNy@ansored by Royal Thai Government.

The GMSARN current member institutions are the Adiastitute of Technology, Pathumthani, Thailand;
The Institute of Technology of Cambodia, Phnom Re@bhmbodia; Kunming University of Science and
Technology, Yunnan Province, China; National Unsitgrof Laos, Vientiane, Laos PDR; Yangon Technaab
University, Yangon, Myanmar; Khon Kaen Universihon Kaen Province, Thailand; Thammasat University,
Bangkok, Thailand; Hanoi University of Technologyanoi, Vietnam; Ho Chi Minh City University of
Technology, Ho Chi Minh City, Vietnam; The Royal iersity of Phnom Penh, Phnom Penh, Cambodia;
Yunnan University, Yunnan Province and Guangxi @nsity, Guangxi Province, China; and other asseciat
members are Chulalongkorn University, Bangkok, Tmal; Mekong River Commission, Vientiane, Laos PDR,;
Nakhon Phanom University, Nakon Phanom Provinceail@hd; and Ubon Ratchathani University, Ubon
Ratchathani Province, Thailand.



GMSARN International Journal
Volume 6, Number 2, June 2012

CONTENTS

Economic Rent from Hydropower Development in thseCaf Lao PDR ...........oovviiiiiiiiiiiiiceeeeeee e 35
Chansaveng Boungnong and Daovong Phonekeo

Case Study of Ground Potential Rise on Two NeiginigaBubstations ..........cccccceeeviii i, 45
W. Pobporn, D. Rerkpreedapong, and A. Phayomhom

Effects of Nearby Auxiliary Grounding Imposed on iM&quare and Rectangle Ground
Grids of DiStribBution SUDSTATION .......cooiiieeiiiiii e e e e 51

A. Phayomhom, T. Kasirawat, W. Pobporn, C. Pongsriwat, and A. Puttarach

The Optimal EnergyManagement of Hybrid Cooling System for TelephoneHange in
L1112 11 = Lo PSPPSR 59

Somkuan Rimsmutchai, Pornrapeepat Bhasaputra, Woraratana
Pattaraprakorn, Natapongkorn Pawanawichien, Surasak Panjavaranont,
Chaiyapat Kumpeerakupt, Kitti Tirawannavit, Wichit Krueasuk, and
Kreingkrai Chongkhanpond

Thailand’s Energy Conservation Policy for Industridector Considering Government
INCENLIVE MEASUIES ....uuiiiiiiieiiii it emmmmme s e e e e e e e e e e e e e e e ettt eeeeeeeaeeeeeeeaeesae b aaa e e seeeeeaeeeeessatntaaanaeeaaeans 67

Rittirong Intarajinda and Pornrapeepat Bhasaputra

Discussion of the technical papers published ia i$sue is open until June 2012 for publicatiothie Journal. The Editor and the Publisher are not
responsible for any statement made or opinion asgc by the authors in the Journal. No part ofpiltdication may be reproduced in any form
without written permission from GMSARN. All correspdences related to manuscript submission, dismsspermission to reprint, advertising, or
change of address should be sent to: The EdBBMISARN International Journal, GMSARN/AIT, P.O. Box 4, Klong Luang, Pathumthah2120,
Thailand. Fax: (66-2) 524-6589; E-maimsarn@ait.ac.th



C. Boungnong and D. Phonekeo / GMSARN Internatidoainal 6 (2012) 35 - 44

g e, Economic Rent from Hydropower Development in the Cse
V"
$ 5 % of Lao PDR
O}"’&% Chansaveng Boungnong and Daovong Phonekeo
a,9

Abstract— Like any other natural resources, hydro resourded tire capable of generating electricity at chaapeast

give rise to economic rent. Lao PDR possesses aongeint of such cheaper hydro resources which isnfaxcess of
the domestic demand. The existing rents leviechbygbvernments are not found to address the patevdiue of

resources. In this study hydro rent is calculatedtivo types of hydropower projects: (i) domest@nénd oriented
project and (ii) large and export oriented projeéctluding the Dams located in Mekong Mainstreamdding so, the
study uses the concept of hydro rent as a meaducesd savings achievable by the use of hydro messuover the
least cost alternatives. The software “EVALS” waveloped by Lahmeyer International to facilitatelestion of a

large number of hydro-electric projects and theirresponding alternatives and has been used torddwo least cost
generation expansion plans i.e. one with and themotvithout the nominated hydro resource. The wiffee in the
costs of two plans gives the rent of the hydrouesa

Keywords— Hydropower, opportunity cost, economic rent, gengtion expansion plans, least cost.

return at all.[2]
1. INTRODUCTION The exploitation of water in the hydropower sectan
generate significant economic rents. These rehis so-
called resource rents - are defined by the sur@tign
above the value of capital, labor, materials andrgn
used to exploit water resources. States and regslat
have different methods of procuring these rents, fo
instance through a fixed water fee system or aureso
rent tax system. The latter is usually employeth oil
extraction industry. [3]

The rise in the oil price globally has increaseé th
significance of other energy resources such as copal
ehydropower. However, unlike the oil producing caied
that are benefited by earning higher revenuesngrisi
from the increase in oil prices, the owner of hydro
resources are not able to generate similar revenutesf

Definition of 'Economic Rent: Economic rent is the
minimum amount of money that some owner must
receive in order to use an asset for a given pe:plos
labor terms, it is the reservation wage of the villial,
which is the minimum amount of wages that the perso
must receive in order to work. In capital and laexns,
economic rent is the amount of money needed to
breakeven when either land or capital is used for a
given purpose.

The concept of rent has evolved considerably sinc
David Ricardo's classic examination in his Prinespbf
Political Economy and Taxation, first publishedli®l7.
Building on the work of the late seventeenth-centur
mercantilists, t_he physiocrats, Adam Smnh, Davighté it [4]. So, [5] argued that it is necessary to bpselic
and others, Ricardo espoused a notion of landtheit ey resources development or reallocation detsim

has been _expanded and refined into the modem cONCeRgtimated synthetic market price or shadow pridé®
of economic rent. [1] principal concept underlying the estimation of shad

hEconoml;: rent is ']Ehe sgrplgs return (earnlrr:gs &pr prices is the amount a rational user of publiclppied
that some factors of production generate when %y ¢004< would be willing to pay.

in quality and are limited in supply. Surplus meamast For hydro sites, the prices obtained from the

E]heextr%t:srtnc:ic?:azﬁot:.alr:] \é)vtr;]a;r tvr\]/(e;rfdasc,t?r:ecfeuttj@itg?zr developers through the competitive auction wouldHge
than needed to keep the factor in that use or arcewm proper measure of the present \_/alue of all futumaual

; . X hydro rents [5, 6]. In fact hydro sites would beeleped
excess of that required to bring f_orth a desirddrebr to the extent that they allow the producers of teieity
func.tlon. If all factors of production were of. tame ) raduce costs. It is this cost saving that repressthe
quality, nhone could earn a surplus return Sinc@Of&8C oy that would be attributable to a particulae $itit has
cou!d be |_nter_ch_anged. Furt_h_ermore, if the facioese no other alternative use [6]. Export price coulsoabe a
available in limitless quantities, they would eano measure for a true opportunity cost [6],[7].

When there is no competitive auction of hydro

resources or component export price, an estimatbeof
Chansaveng Boungnong (corresponding author) is @amlidate  economic rent of hydropower should be made based on

of Joint Doctor Degree program On Management Seieaod ; ; ;
Engineering, National University of Laos (NUOL) arfunming Its opportunity cost and on the basis of the Sl$rp|u

University of Science and Technology, China. Email: 9€nerated by it. According to [7] in a long runieiéint
cboungnong@yahoo.com equilibrium condition, opportunity cost of a hydoper
Daovong Phonekeo is Director General, DepartmenEwérgy resource would be equal to the marginal cost cdiobtg

Policy and Planning, Ministry of Energy and Mindgng Bone Road, i i ;
Vientiane, Lao PDR. Emaitiaovongph@yahoo.com additional electricity (for instance from new hygdower
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plants, or gas power plants or import etc). Thia lsng

Laos Power System for the planning horizon are

run marginal cost approach and the economic rent ioptimized with Develop and investigate alternatifes

determined as the residual value i.e. long run maltg
cost of electricity less the cost of hydroelectyici

The studies on the evaluation of hydropower renttie
Canadian utilities vary widely in terms of the
assumptions on the costs of alternative technaotpe
the hydro resources, which gave rise to differaalties
of hydro rents. Further, the methodologies usethbge
studies are not designed to capture the dynamigenaf
the value of the hydro resources. Rather, theybased
on least cost alternatives within a static framduwor
Clearly, these assumptions ultimately do not leathée
optimal results [9].

2. POWER SECTOR IN LAO PDR

Lao People Democratic Republic (Lao PDR) as figure |-

1.1 has several potential hydropower sites. Theskech

J
sites are said to have the combined potential of N TN i Wit

generating 23,000MW of hydroelectricity a largetpafr

which can be used mainly for meeting the export

demand.

Total exploitable hydro potential 23,000MW

Rest of
country, 2000MW
=9%

Main lftreé\m Major Mekong
Mekong tributaries,
(share), 13000MW, 56%

8000MW, 35%

Fig. 1.1. The installed capacity of Lao PDR

However, the installed capacity of Lao PDR as yggtist
over 2540MW about 11% of the exploitable potertizd

the most important power export candidate, and
determine  the technical, economic, financial,
environmental, social and institutional consequeniog
using software program “EVALSAs described shown in
figure 1.2as below:

EVALUATION OF HYDROPOWER PROJECTS

| STANDARDIZED DESIGN
MANUALS FOR
|| prouect components

COMPUTER
PROGRAM

RMINATION OF BASIC PROJECT COSTS,
CT COSTS, CONTINGENCIES,
G

DETERMINATION INSTALLED AND
GUARANTEED CAPACITY, PRIMARY AND
SECONDARY ENERGY

THERMAL PROJECTS
SPECIFIC CAPACTY COSTS
SPECIFIC ENERGY
GENERATION COSTS

FESERVOR) | | SPECIFIC CAPACITY AND ENERGY COSTS
suare seomens)| | | |-
[ 1 ECONOMIC COMPARISON WITH EQUIVALENT

CONCEPTUAL LAYOUT DEFINED BY SIMPLE THERMAL GENERATION

| PROJECT DEFINITION PARAMETERS

i
|
|

AS FUNCTION PROJECT |
SIZE AND LOAD FACTOR

|

.|

(oject dependent atemative supply options

Fig. 1.2. Procedure of program “EVALS”

Program EVALS was developed to facilitate the rapid
evaluation of a large number of hydro-electric pobg
and their corresponding alternatives.

Once the planning engineer has established the basi
project layout and has defined the project element
composition, program EVALS will carry out all fugh
usually elaborate calculations.

For a given set of simple project definition partene
(such as tunnel length, crest level of the dame tgp
dam, etc.) and hydrologic as well as reservoir
characteristics, EVALS performs the following
computations for a range of project alternativesl an
variation of installed capacities:

- Dimensioning and partial optimization of prindipa
project elements (such as dam, tunnel, powerhetss,

- Determination of installed and guaranteed capaxst
well as primary and secondary energy production

- Calculation of the total basic project costs]uding

been implemented. Only around 73% of the populationindirect costs, contingencies, engineering, adratien

has access to grid electricity. As the demand efgnis

and clients' own costs: as well as estimation efahnual

rising at about 10% per annum, National Plan (2010-costs for operation, maintenance and repairs

2020) aims to increase the installed capacity t©6642

- Computation of the specific capacity (kW) and

MW by the end of the plan period serving 98% of the energy (MWh) costs as well as assessment of thefiben
population and raising the per capita consumption t cost ratio of the project when compared to an exjeit

2480 kWh.[10-11].

3. METHODOLOGY

In this study the hydro rent is measured by thiedihce
in the total cost of two generation expansion plamns
‘base plan’ (with ‘an identified hydro project’) dn
‘alternative plan’ (without a hydro project). The
difference of the two is the cost saving in thespree of
low cost hydro resource, defined here as the ‘eqino
surplus’ or the ‘economic rent’ arising from hydro

thermal power plant.

For each project up 20 project alternatives (pitojec
layouts, i.e. alternative dam heights, other typpawer
house etc.) can be defined.

For each project alternative the computations can b
carried out for up to 11 variants of the instaléegbacity,
which are defined by the so called installed cagaci
factor. This factor defines the discharge capaocityll
power related project components in terms of thamme
stream flow available to the project.

The program produces a detailed description of the

PrOd‘_JCtiO”- This’meth‘odology is also defined aS 3entire cost estimating and evaluation process. Data
detailed method’ or ‘system expansion method’ 10 pertinent to river development, project screenimpaver

calculate ‘avoided cost’ of the system [12].

systems analysis studies can automatically be dstiore

Total system cost and corresponding generationgisk files for further processing.

capacity additions for the generation expansiom @a

36
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feasibility level provided that the input matchtthevel.

The results of program EVALS represent a decision
base for the planning engineer with respect toréinge

of attractive dam heights and
Definite decisions on dam height, installed capaaitd

installed capacities.

| =I(EPC,TW,O&M,RQCC, Ef) 2

where

I Capital Investment cost on Hydropower Project,

project construction sequences can only be taker af EPC Engineering Procurement Cost

thorough river development and power system expansi Dc
studies, in which interaction of the individual ct
with other generating plants of the interconnecgstem

is considered.

3.1 Methodology to Calculate Hydro Rent

Original system
Load shape and

Load forecast

Existing and
Candidate

Plant data

L ¥ ¢

Generation Avoided
cost of system plan,

without hydro plant

Data of hvdro
whose rent to

Bestudied

b

Generation

cost of

each hvdropower plant

|

l

Optional system cost

market country ()
=TC;

Without hvdro in the

Optional generation cost

from hydro project =TCi

Economic Surplus =TCj-TCi

h

Hvdro rent/ kWh= ATC/Discounted
incremental energy contribution by the
Hvdro plant during the planning vear

3.2 Total Cost Function

Objective functions of optimal expansion plan for a

Development Cost

Tw Transmission line wheeling charge

O&MR  Operation & maintenance cost

Rc Resettlement Cost

Cc Compensation Cost

Ef Environmental and social development fund

Hydropower Generation Cost is calculated as follow:

* T
c = W(%) 3
(R+])' -1
Go= PE(ACHOEM) (o hwhy 4)
where:
Ac Average discount rate
R Discount rate (%)
Pc Hydropower Project cost(m$)
O&MR Operation & Maintenance cost
E Energy Generation (GWh)

Gc Generation Cost (c/kWh)

Generation Cost of other resources are calculased a
follow:

Laos Thailand| Cambodia Vietnam
Generation |Small |Combined | Diesel Coal fired
Technology | coal cycle steam
fired
Capacity Cost325.4 | 193.45 69.12 285.77
($/kW)
Energy Cost | 105 61.29 289.58 68.48
($/MWh)

power generating system over a period of up taythir 32 Regional Power Context
years, within constrains given by the plannerismt

T

Bj :Z[Ijt ~SptF + M + 0Oy

t=1

where:
Capital investment cost
Salvage value of investment cost

Fuel cost

1)

Operation & Maintenance costs

Cost of the energy not served

expansion plan,

the length of the study period

Note: All costs are discounted net present values

Capital Investment cost on Hydropower Project is

function as following :

The economic value of hydropower is very different
between the producing countries (Lao PDR and
Cambodia) and the large power systems of Vietnagh an
Thailand. These large systems have several la@ge-sc
thermal generation options, including coal firegash
technology, gas fired combined cycle technologyd an
nuclear power. These large-scale thermal generation
options can offer, on average, thermal energy d@sts
for Thailand and Vietnam) of the order of 75 $/MWh.
Large-scale thermal options are not practical or
economic for the scale of demands in Lao PDR and
Cambodia which, in the absence of hydropower, would
depend on oil or small scale fired thermal techgigls
(TC; for Laos and Cambodia) that have costs in therorde
of 120 to 300 $/MWh.

The large sample of projects in the database offers
opportunity to examine the statistical charactessbf

37
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different cost indicators, such as the cost pet ohi  of hydropower projects in the generation expangiam
capacity and the cost per unit of mean annual gnerg inventory for domestic demand.

The results are compared against certain costrdrive  In the “base case” or “business as usual” casehall
such as the scale of the project and the capaaitgif of existing and committed hydro of the inventory
the projects. It was observed that for projectsenriD0 (Appendix-2) is considered available.

MW (Megawatt) the unit capacity cost is between 2
M$/MW (million US dollars per Megawatt) and 3.5
M$/MW, while most projects above 100 MW have unit To evaluate the hydro rent with powerexport scenari
costs around 1,5 M$/MW. The majority of projectvda optimisations of generation expansion plans are emad
capacity factors in the 0.40 to 0.60 range, rasglin with and without Mekong mainstream projects.

energy costsTC;) of 50 to 60 $/MWh (US dollars per

3.6 Resource Rent in the Export Market

Megawatt-hour) for projects under 100 MW and 40 Table 1. Descriptions of Case Studies:

$/MWh for projects over 100 MW. The national hydro —

development plans correlateasonably well with the Cases | Descriptions

calculated energy costs. The average energy cost of|Case-l |The ‘business as usual case for dome
projects not yet under operation or constructiorbis where hydro and thermal candidates |are
$/MWh. considered tmbtain expansions plans w
3.3 Calculation of Hydro Rent (USc/kWh) assuming nduel price escalation during t

planning horizon.

Domestic Case: Case-ll |The ‘business as usual case for domg

The ratio of the present value of the system sastd and export’ where hydro and thern
by the selected hydro project to the present vafuine candidates are considered to obfain
energy contributed by the plant gives the per smiplus expansions plans with assuming mael
due to the project and is termed as per unit rénhe price escalation during the planni
project. horizon.

Let the total cost or objective function value bet
‘base case planwith hydro plant, discounted to the year
2010 (base year of study) T<; and the total discounted
cost of the alternative plan (i.e., the one withog
hydro plant), isTC;. Letr be the discount rate and total
energy contributed by the hydro plant to the system
year ‘i’ be AEi.

Then, the average per unit surplus generated =eftres
value of the costdifference of expansionplans/ Present 4. RESULT AND DISCUSSION
value of energy contributed by tieydro plant during the  |n this study, hydro rent of two projects, one for
planning horizon.Or; Average rent/kWhXTCj-3TCi)/  domestic market and another for the export market a
YAE/(1+r) =ATC/AE/(1+r) calculated separately as the opportunity costs are

3.4 Input Data and Assumptions different in the two markets.

Planning horizon of 30 years i.e., 2010 to 2040 is41 ResultsDomestic Hydro thermal Cases
considered in the study. The base year of studmgbei

Case-lll | The ‘business as usual case for diime
and export’ where hydro and thern
candidates are considered to obtain
expansions plans with assuming with
Mekong mainstream projects.

2010, all the input costs are converted to 201@dbsasnd Table 2. Domestic Hydro thermal Cases:

all costs are discounted to this year at the anraial of

10%(which is the opportunity cost of capital in Lao | S:No | Descriptions Case-|
PDR) in the base case. The LOLP value of 10 dags/ye 1 SystemCost for only 1,019,958,82
and minimum reserve margin of 10% is taken. No more domestic used with outO

energy purchase from nebouring countries after yea Hydropower

2015 is assumed in the ‘base case’. Cost of eneogy
served is assumed USc 50/kWh. Similarly, the fareig
cost component escalation is supposed to take @lce

2 Total cost for hydropower 628,974,606
project suppling domestic

the rate of 2 % per annum. The Load forecast fer th market

Nepal Power system used in the study is as given in 3 Saving due to 390,984,214
Appendix-1. 4 Incremental energy (2010)8499.657
3.5 Resource Rent in the Domestic Market GWh

The hydro project considered in the domestic market S Specific Rent of the Project4.6

scenario is small and medium scale hydropower p®je =ATC/AE (USc/kwh)

and some of take from export project. In the exjmns
plan (6268 MW, 23,679 GWh), which is including from
thermal power plant 2x300MW at Kalum Distric, okéa
100MW from Hongsa Lignite and a least cost can@idat

38
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4.2 Results Domestic & Export Hydro thermal Cases

Table 3. Domestic & Export Hydro thermal Cases
including Mekong mainstream dams

S.No | Descriptions Case-ll

1 SystemCost for only 3,053,655,542
domestic used with out
Hydropower

2 Total cost for hydropower 1,905,085,588
project suppling domestic
market

3 Saving due to 1,148,569,955

4 Incremental energy (2010)34637.920
GWh

5 Specific Rent of the Project3.31
=ATC/AE (USc/kWh)

4.3 Results Domestic & Export Hydro thermal Cases

Table 4. Domestic & Export Hydro thermal Cases
excluding Mekong mainstream dams

S.No | Descriptions Case-lll
1 SystemCost for only 2,399,469,855
domestic used with out
Hydropower
2 Total cost for hydropower 1,724,775,057
project suppling domestic
market
3 Saving due to 674,694,798
4 Incremental energy (2010)24639.644
GWh
5 Specific Rent of the Proje¢t2.73
=ATC/AE (USc/kWh)

5. CONCLUSIONS

This Paper studfydro rent is calculated for two types of

sensitive to where the power is targeted. The emino
benefit is much lower for predominantly export s
than for predominantly domestic consumption prgject
However, since this differential value of powepizorly
represented by tariffs, having high economic
performance does not mean that a project is e&sier
finance. Indeed, it is likely that the easiest pot§ to
finance are those with high exports and hence low
regional economic value. It is therefore relevaat t
explore how critical hydropower from the Mekong Bas
is to the export markets of Vietham and Thailand.

It is of course difficult to anticipate the impaaf the
current global financial crisis on the long terngiomal
economic growth. If this impact can be ignored lie t
longer term, then by 2020 the electricity demand of
Vietham and Thailand will dwart the hydropower
potential of the Lower Mekong Basin. The annualrgpe
potential of all the hydropower projects in the leow
Mekong Basin that are not yet under operation atean
construction will probably not exceed 12% of the
combined electricity demand of Vietham and Thailand
2020. With an average energy cost of new Mekong
mainstream hydro power of 55 $/MWh, and average
replacement value of that power in these marketgbof
$/MWh, the margin is only 20 $/MWh. That means
about 26% potential cost savings on 12% of the powe
supply, or only a 3.2 % overall saving in power @Eyp
cost.

Of course, on a case by case basis many projelits wi
be more attractive than depicted by these average
numbers. But the point is that the regional ecomsroif
hydropower development does not suggest a foretast
hydropower development of all sites. The prospdct o
delays, or environmental mitigation costs in comérsial
projects, could easily postpone the developmemanfy
projects until the value of alternative power
significantly higher than today.

As a final point, a reflection is made on the ekteh
hydropower export revenue that would effectively
impact the economies of Lao PDR. It would appeat th
large export projects will largely be financed byperts.
Furthermore, the export price that the importera(Tdnd
Viethamese markets) can bear will be, on averagly, o
marginally higher than the hydropower energy clist

is

hydropower projects: (i) domestic demand orientedtherefore expected that only a small part of export
project and (i) large and export oriented project revenue will actually impact the exporting country
including the Dams located in Mekong Mainstream. In €conomy. The benefit for the exporting country will

the study uses the concept of hydro rent as a meagu
cost savings achievable by the use of hydro ressurc
over the least cost alternatives

In Case-l the rent of the hydropower is evaluatedsat
opportunity of providing electricity from optimal mix of
new hydropower or coal fired (600 MW at Kaleum and of
take 100MW from Hongsa Lignitg)lantsor imports. The
value of hydro rent in the Case-l is found to bé& 4.
USc/kWh, which is 3% of the cost of energgneration
from oil.

Similarly, in Case-Il, when we consider to power expor
The rent in this Case is found to be USc 3.31/kWh.

In the Case-lll without Mekong mainstream projedtse
rents would be USc 2.73/kWh

mostly be derived from the portion of the projeceryy
that is targeted for domestic consumption.

It is nevertheless recognized that in South Eai,As
in other parts of the world, large export orienpedjects
offer feasibility ofhydropowerdevelopment that may not
exist for smaller projects targeted solely for detize
consumption.

Limitations of Study

In the study of potential hydro resource rent aboe
costs of externalities (in terms of timber, fish and
recreational activity losses), implications to eaaiment
and nor the possible gains (interms of irrigatiiapd

control, navigation and outdoor activities) are

The economic benefit of projects is therefore very considered.
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Appendix:2. Hydropower data

Nam Ngum 1 .

Nam Dong 136.5| 1.0] 1.0] 0.9 4.8 4.0| 605.0 603.3] 0.0]
Xelabam 17.0] 38.0] 5.0| 4.5 23.5] 20.0) 119.3] 118.0| 0.8]
Xeset 1 153.4] 33.0] 45.0] 45.0| 154.3] 82.3] 482.0) 479.0] 0.3]
Theun-Hinboun 225.5| 106.0 210.0] 186.0 1,327.0) 1,300.0) 400.0) 395.0 15.0|
Houayho 748.3] 23.0] 150.0 144.0] 487.0) 397.0] 883.0 860.0 649.0]
Nam Leuk 174.2] 39.5] 60.0] 53.4 207.0] 149.0] 405.0) 388.0 228.2]
Nam Mang 3 513.2] 9.1] 40.0] 39.3] 138.0 113.0] 750.0] 742.0] 45.0|
Nam Ko 34.5] 5.4} 1.5 1.3] 5.0| 3.0] 525.0 523.0] 0.0]
Nam Ngay 17.0] 8.5 1.2] 1.2] 3.5 2.8 455.5) 452.5] 0.7]
Nam Theun 2 356.6| 334.0] 1,075.0f 1,080.0) 5,936.0| 5,339.0| 538.0 525.5] 3,378.4f
Xekaman 3 477.7] 62.5] 250.0 237.0] 982.8] 485.7| 960.0 925.0 108.5)
Xeset 2 246.0] 35.2] 76.0] 75.0) 309.0] 134.0] 813.0] 803.5] 9.3]
Nam Ngum 2 146.5| 448.0] 615.0 554.0 1,976.0) 1,387.0) 375.0] 345.0] 2,994.0|
Nam Lik 2 74.5] 187.0 100.0] 71.0 460.0) 334.0] 305.0 270.0] 826.0
Nam Ngum 5 337.0] 42.9 120.0] 107.0] 507.0] 307.0] 1,100.0) 1,060.0) 251.0]
Xekaman 1 99.0| 336.6} 290.0] 1,096.0) 230.0] 218.0] 1,683.0)
Xekaman-Sanxay 12.2] 378.0 32.0] 32.0 123.0] 122.0] 122.0] 122.0| 0.0]
Theun-Hinboun expansion 225.5| 110.0] 222.0| 195.0] 1,395.0) 1,300.0) 400.0| 395.0 15.0|
Theun-Hinboun exp. (NG8) 47.0 134.0] 60.0] 20.0) 294.0] 161.0] 455.0) 420.0] 2,262.0|
Nam Ngum 3 298.7] 169.0 440.0] 440.0) 2,077.0| 1,659.0) 720.0] 660.0 979.0]
Nam Theunl 140.0§ 404.0] 523.0] 388.0 1,840.0) 1,424.0 292.0] 260.0] 2,549.2
NamNgiep 1 136.2] 230.0] 260.0 252.0] 1,327.0) 1,300.0) 320.0] 296.0 1,191.8]
Nam Ngiep-regulating dam 12.0f 160.0 16.8 16.0| 108.0] 100.0] 181.0] 176.0| 4.7|
Nam Tha 1 65.5| 289.5] 168.0] 168.0 759.4] 530.0] 455.0) 442.5] 675.5]
Nam Long 245.0] 2.6 5.0| 5.0| 37.0) 33.7] 1,016.0) 1,013.5] 0.1]
Xepian-Xenamnoy 642.0] 70.0] 390.0 390.0 1,748.0) 1,730.0) 786.5] 760.0] 885.0
Xe Katam 450.0) 16.0] 60.8] 60.8] 380.0 284.0] 910.0] 890.0 115.0|
Xekong 4 140.0] 240.0] 300.0] 300.0] 1,901.0) 1,760.0) 290.0] 270.0] 3,100.0f
Nam Kong 1 186.0] 44.5 75.0] 75.0) 469.0) 408.0) 320.0] 287.0] 505.0
Xe Kong 3up 33.7] 460.0] 144.6| 144.6] 598.7| 50.1] 160.0] 155.0| 95.11
Xe Kong 3d 17.2] 568.0] 91.1f 91.1] 375.7] 25.9] 117.0] 111.0| 168.4f
Xe Kong 5 188.1] 146.0] 248.0] 248.0] 1,201.0) 1,017.0) 500.0] 470.0] 1,355.5]
Don sahong 17.0] 2,400.0f 360.0] 359.7| 2,375.0| 1,988.7| 74.5] 72.0 115.0|
Nam Ou 1 20.5] 1,045.0f 180.0 180.0] 829.0] 500.2] 305.0 300.0] 10.0|
Nam Ou 2 11.0f 932.0 90.0] 90.0| 413.0) 254.9] 320.0] 316.0 8.4]
Nam Ou 3 43.0 831.0] 300.0] 300.0] 1,337.0) 838.3] 375.0] 370.0] 13.5
Nam Ou 4 16.0| 558.0] 75.0] 75.0) 337.0] 237.4] 400.0) 395.0 9.2]
Nam Ou 5 25.0f 514.0] 108.0 108.0] 496.0) 358.3] 430.0) 425.0 11.2
Nam Ou 6 68.0] 368.0] 210.0] 210.0] 840.0] 717.4] 510.0] 490.0] 363.0]
Nam Ou 7 90.0f 238.0 180.0 180.0 725.0] 702.6] 630.0 600.0 1,134.0
Nam Lik 1 19.5] 300.0 54.0] 54.0 255.0 219.0] 195.0] 191.0| 6.8
Nam San 3 877.0] 6.7 48.0] 48.0| 366.0] 274.0] 1,470.0) 1,445.0) 121.7|
Nam Pha 111.0] 142.3] 147.2] 147.2] 577.0] 444.0) 550.0 515.0] 2,738.0|
Nam suang 1 35.7] 130.0] 40.0] 40.0| 187.0] 163.4] 325.0] 314.5] 87.6]
Nam Suang 2 122.8 119.6} 134.0] 134.0] 617.6] 525.6| 460.0) 435.0] 2,014.7
Nam Nga 97.3] 107.9] 97.8] 97.8] 434.3) 315.4] 440.0) 407.0] 1,565.1]
Nam Beng 75.4] 43.2 30.0] 30.0) 120.0] 77.4 430.0) 410.0] 97.9]
Nam Feuang 1 57.0) 57.11 28.0] 28.0| 113.2] 26.7] 340.0] 334.0] 30.0)
Nam Feuang 2 130.0] 22.9] 25.0] 25.0) 110.6] 27.8] 570.0] 565.0 5.0]
Nam Feuang 3 211.0] 11.3] 20.0] 20.0| 88.5] 21.8] 820.0 815.0 4.8
Mekong at Pakbeng 31.4] 4,362.0] 1,230.0f 1,230.0) 5,268.1 4,073.0| 345.0] 340.0] 442.4]
Mekong at Luangprabang 40.0 3,812.0f 1,410.0f 1,412.0 5,437.3 4,205.0 310.0] 300.0] 734.0]
Mekong at Xayabuly 24.4) 6,018.0f 1,260.0f 1,260.0) 6,035.3 5,139.4f 275.0] 270.0] 224.7]
Mekong at Paklay 25.7] 5,782.0f 1,320.0f 1,320.0) 5,420.7 4,251.7 240.0] 235.0] 383.5]
Mekong at Sanakham 25.0) 5,918.0f 1,200.0f 1,200.0) 5,015.0 3,978.2 215.0] 210.0] 106.1]
Mekong at Sangthong-Pakchom 22.0] 5,720.0f 1,079.0f 1,079.0) 5,318.0| 5,052.0f 192.0] 190.0| 11.8
Mekong at Ban Kum 18.6) 11,700.0] 1,872.0f 1,872.0) 8,434.0| 8,012.0| 115.0] 115.0| 0.0]
Mekong at Latsua 10.0] 9,600.0f 800.0] 800.0 3,504.0| 2,452.0| 100.0] 100.0| 0.0]
Xe Pon 3 277.2] 30.4] 75.0] 75.0) 338.9] 328.5] 580.0 560.0 368.0
Xe Kaman 2A 48.6) 155.0 64.0] 64.0) 241.6] 175.0] 280.0] 275.0] 3.7]
Xe Kaman 2B 78.8] 90.0] 100.0] 100.0] 380.5] 202.0] 370.0] 340.0] 216.8]
Xe Kaman 4A 423.6| 26.0] 96.0] 96.0| 375.0] 262.5] 860.0 840.0] 16.5
Xe Kaman 4B 459.1] 18.4] 74.0] 74.0 301.0] 195.7] 865.0 850.0 21.2]
Dak E Mule 433.8] 27.4 105.0] 105.0] 506.0 415.0) 780.0 756.0 154.0|
Nam Khan 1 56.0f 195.0] 101.8] 101.8] 458.5) 422.0) 340.0] 320.0] 805.0
Nam Khan 2 138.7] 109.5j 140.0] 136.3] 578.6] 493.0) 470.0) 450.0 528.0]
Nam Khan 3 79.2] 70.14 47.0] 32.5] 222.4] 205.8] 560.0 532.0] 860.5]
Nam Ngum 4A 158.4] 39.7] 54.0] 54.0 267.7| 236.5] 1,040.0) 1,010.0) 332.3]
Nam Ngum 4B 158.0] 38.7] 54.0] 54.0 267.0] 236.5] 880.0 870.0] 1.7]
Nam Ngum, Lower dam 13.6) 776.4] 90.0] 90.0| 526.0 498.0) 160.0 155.0 243.0]
Nam Pay 714.7] 10.0] 62.0] 62.0) 242.6] 168.3] 1,120.0) 1,100.0) 52.3]
Nam Mang 1 115.8] 50.8] 51.0] 51.0| 235.3] 182.9] 360.0 330.0] 551.4]
Nam Pouy 78.2] 60.0] 43.7] 43.7) 172.0] 143.0] 340.0] 320.0] 498.6|
Nam Poun 61.2] 148.8] 84.9] 84.9] 342.0] 281.0] 300.0] 280.0] 339.0]
Nam Ngao 347.6| 6.6 20.0] 20.0) 155.0] 108.4] 880.0 855.0 434.0]
Nam Chian 656.2] 26.3] 148.0] 148.0] 627.2] 480.0) 1,040.0) 1,020.0) 8.3]
Nam Ngieu 189.5| 18.7] 30.4] 30.4 132.3] 105.4] 1,060.0) 1,050.0) 18.8
Nam Pot 703.3] 3.5 22.0] 22.0 99.5] 96.4 1,145.0 1,127.0) 45.1]
Nam San 3B 257.4] 16.7] 38.0] 38.0) 141.0] 141.0] 520.0 500.0 11.7
Nam San 2 74.3] 94.3] 60.0] 60.0) 290.7| 262.8] 240.0] 220.0] 1,946.4
Nam Pok 59.4f 4.9 2.6 2.6 14.4) 11.1 460.0) 455.0 5.1
Nam Phak 99.0f 5.8 5.1 5.1 28.3] 21.7] 700.0] 693.0] 1.9
Nam Hinboun 1 17.1] 311.0] 45.0] 45.0| 173.0] 140.0] 160.0 150.0 1,224.0
Nam Hinboun 2 848.0] 1.7] 13.0} 13.0f 58.5] 56.9] 1,093.0 1,081.0 25.6]
Xe Bang Fai 16.0| 756.8] 107.0] 103.8] 564.2] 486.0) 155.0 150.0

Xe Neua 94.0] 40.8 34.0] 34.0 230.0] 196.0 370.0] 330.0] 624.0]
Nam Theun 4 157.2] 20.5] 30.0] 30.0) 130.5] 125.1] 720.0] 680.0 806.5]
Nam Mouan 115.3] 105.7] 110.0] 107.3] 452.2) 305.0 380.0 360.0] 1,960.0)
Xe Bang Hieng 2 44.6| 42.6 16.0| 16.0| 73.5] 70.0) 280.0] 263.0] 642.9]
Xedon 2 39.6| 152.5] 54.0] 54.0) 319.0] 221.0] 170.0] 159.0| 1,743.0
Xe Set 3 164.1] 13.6] 20.0] 20.0) 74.0) 50.0) 1,022.0 1,018.0) 3.5
Xe Bang Nouan 118.8] 19.0] 18.0f 18.0| 79.1] 78.8] 260.0 230.0] 1,477.0)
Xe Lanong 1 64.4] 55.9] 30.0] 30.0) 153.5] 131.4] 350.0 330.0] 373.7]
Xe Lanong 2 178.2] 12.9] 20.0] 20.0| 103.5] 87.6] 580.0 560.0 79.2]
Nam Phak 669.5| 13.0] 75.0] 75.0) 307.0] 279.0] 920.0 910.0] 35.0)
Xe Nam Noy 5 572.3] 3.9 20.0] 20.0| 124.0] 102.0] 800.0 780.0 8.8
Houay Lamphan 592.0] 11.4 60.0] 60.0) 264.4] 227.0] 840.0] 800.0] 128.2
Nam Kong 2 106.5| 76.5] 74.0] 74.0 309.5] 256.0 460.0) 437.0] 139.6)
Xe Xou 51.8] 131.3] 63.4] 63.4] 286.2] 227.0] 180.0] 160.0 1,714.0)
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Generation Cost of other resources are calculatedsdollow:

CURRENT YEAR

DISCOUNT RATE % 10.00%

CONSTRUCTION COST ESCALATION % 2.00%

DEVELOPMENT COSTS % 12.00% Reference Power Trade Price must be Consistén
REFERENCE POWER TRADE PRICE (MONOMIC) US$/MWH 76.0 <<<<<<<<<<<<<¢ Average Value of Power in Térad al

REFERENCE PEAK PERIOD DURATION (HOURS/WEEK) 50.0 at a Load Factor of 0.70. From Line 4 1014

GENERATION TECHNOLOGY | | coalfied steajombinedcycled  diese] __coalfired stegm

$/kw

UNIT EPC

IDC %

UNIT IDC $IkW

UNIT CAPITAL COST $IkW 236018
ECONOMIC LIFE years 30
CAPITAL RECOVERY FACTOR 0.1p6
UNIT ANNUAL CAPITAL COST $kw 250|37
FIXED OPERATION AND MAINTENANCE COST % of Capital pé&ear| 1.54%
UNIT FIXED OPERATION AND MAINTENANCE COST $kw . 35.40
UNIT ANNUAL FIXED COST b/kW 325.40 285.7)
CAPACITY FACTOR % 80.00% 80.0¢%
EQUIVALENT FULL CAPACITY UTILIZATION hours per year 00 7,098
EQUIVALENT ENERGY COST $/kWh .p41
EQUIVALENT ENERGY COST $/MWh 78

FUEL TYPE

UNIT FUEL COST $/Mbtu

HEAT RATE btu/kwh
VARIABLE COST FUEL $/MWh
VARIABLE OPERATION AND MAINTENANCE % of fuel cost
VARIABLE OPERATION AND MAINTENANCE $/MWh
TOTAL VARIABLECOST $/MWh

CAPACITY VALUE $/kW-year 325.4 193.4 69.12 285.f7
ENERGY VALUE $/MWh 105.0 61.2 289. 68.48
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Appendix: 3. Power network interconnection of Laos

GMS Power Grid Legend
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g e, Case Study of Ground Potential Rise on Two Neighborg
W .
$ 5 < Substations
}"’r% W. Pobporn, D. Rerkpreedapong, and A. Phayomhom
349

Abstract— This paper presents the effects of constructions of a new permanent substation while the existing substation
has not yet been removed. the Isolation of ground grids of the two substations creates ground potential rise (GPR) to be
steep between the ground grids of two neighboring substations. Modeling and simulation are performed on the Current
Distribution Electromagnetic interference Grounding and Soil structure (CDEGS) program. It is found that the
percentage of GPR ratio between the auxiliary grounding system and the main ground grid in uniform or homogenous
soil is constant while the percentages of GPR ratio are different in the two layer soils. If the top layer soil resistivity is
higher than the fixed bottom layer soil resistivity, the percentage of GPR ratio will decrease. However if the bottom
layer soil resistivity is higher than the fixed top layer soil resistivity, the percentage of GPR ratio will increase. This
implies that only a risky case can be considered in substation design, although the condition of soil is varied by season.
Moreover, the case studies are analyzed by varying the thickness of top layer and distance between the main ground
grid system and auxiliary grounding system, which affect the percentage of GPR ratio. The more distance between main
ground grid system and auxiliary grounding system is, the less the percentage of GPR ratio is, as GPR return of the
auxiliary grounding system is lower. This will make the touch voltage higher due to the steepness of GPR, which
increases the risk of hazard.

Keywords— Ground potential rise, Safety criteria, Step volage, Touch voltage.

values are analyzed to ensure that they comply thigh
1. INTRODUCTION safety criteria defined in the IEEE Std. 80- 2000.
Modeling and simulation are carried out on the €uirr
Distribution Electromagnetic interference Groundamyl
Soil structure (CDEGS) program. The results arenfou
that ground grid isolation should not be allowedimiy
. ; ) ; the time of construction because the auxiliary gaing
auxiliary grounding system of the de-energizedteleal gy 1o of the de-energized substation can creas st
power site will exist. This creates ground pot_drmse ground potential rise and therefore the large wgealta
(GPR) to be steep between the ground grids of WOgitterence can harm personnel working nearby ansea
neighboring substations. It is a concern for safesyes damage to equipment in the vicinity of faults,

because a short circuit can generate a large (tthnan particularly when the ground grid of the two neigtihg
flows through the aboveground structures and grimgnd ¢ ,stations are not connected.

system and dissipates in the soil, which the higfiemqtial
may cause a hazard to personnel working nearbyi or i,  p-rNITION OF TOLERABLE VOLTAGE
the area of distribution substations.

The ground grid design for distribution substatiafis In the process of designing the ground grid system,
the Provincial Electricity Authority of Thailand BA) is safety criteria is firstly calculated to specifytaerable
examined with the main objective to assess grogndin level, then the maximum touch and step voltage are
grid system conditions in terms of ground potentise, calculated to compare with the safety criteria &dirdce
maximum touch voltage and step voltage. These thregvhether it is safe to work on the area of substafithis
part will show a calculation of safety criteriauth and
step voltages.

This paper presents a construction procedure foeva
permanent substation while the existing substatiaa
not yet been removed. While the ground grids ofttie
distribution substations are isolated, the effetttle
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Authority (PEA), Area 1 Central, Asia Rd., Hant@hranakorn Si rise (GPR) and the surface potential at the point where a

Ayutthaya 13000, Thailand. Phone: +66-35-241-142 8%413; Fax: person is standing while having a hand in contath &
+66-35-323-867; E-mailvatcharapob@hotmail.cam grounded structure.
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tolerable touch voltage for human (V) For grids with or without ground rods, the effeetiv
buried conductor length,, can be determined by (5)

where Etouch
RB
Ps

resistance of the human bod®)

surface layer resistivityQ [im) L, = 07500, + 085[Ly (5)

The current through the body is determined by (2)

where L effective length of. . + L for step
voltage (m)

total length of grid conductor (m)

S

lg === ) Le

total length of ground rods (m)

here |, = currentthrough the body (A . .
W B ! ug y ) Then, the step voltage is determined from (6)
k = 0.116 for 50 kg body weight
0.157 for 70 kg body weight P, (K, [K; Og
t, = duration of current expose (s) Es = L 6)
S
The safety of a person depends on preventing thewWhere Eg = step voltage (V)
critical amount_of shock energy from be_:ing a_bsorbed K, = mesh factor defined for n parallel
before the fault is cleared and the system is deeired. conductors

To ensure safety, the magnitude and duration of the

current conducted through a human body should &= le
than the value that can cause ventricular fibidlatof 4. NEARBY DISTRIBUTION SUBSTATION

the heart. Fibrillation current is assumed to baretion For, a new distribution substation grounding gtimse to

of individual body weight. The tolerable body cutte the existing substation whose ground grid is depliets a
limits for body weights of 50kg and 70kg can berfdin ~ mesh of rebar conductor, safety considerationsimequ
[1].[2]. that the new and existing distribution substatiddgare
Step Voltage Criteria intercon_nected and th_us the de—energ_ized e_IectricaI

power site of ground grid acts as an auxiliary gaing

The difference in surface potential experienced éby system of the substation. However, if the effectttaf
person bridging a distance of 1 m with the feehwitt  existing is taken into account for a grounding gesso

contacting any other grounded object. as to reduce the performance requirements of the
The tolerable step voltage in volts is defined3n|[(] substation grounding system, the copper conduators
be connected in a reliable manner to the substafiimh
Esep =15 % (RB + 6/03) (3) [3]:

where Egq, = tolerable step voltage for human (V) 5. CASE STUDY

In this paper, case studies ube cross section of the

3 MAXIMUM OF MESH AND STEP VOLTAGE ground grid conductor with size of 95 mmand the
ground rod is 3.0 m long with 15.875 mm in diameter

The maximum touch voltage within a mesh of a groundAll the grid conductors are buried 0.5 m deep ia tbp

grid [1] is calculated by (4) layer soil. The figure of an installation of grourat! will
be spread out. The dimension of ground grid which

oK, [jKi HG presents the status of return will be categoripéal 45 m

E, = - 4) x 45 m. The main one is of medium size 45#4% m.

L, Furthermore, the value of soil resistivity is chode be

1, 50, 100 and 1,00@[m for both top and bottom
layers of soil. In case studies, the top and boteyars

where B, = mesh voltage (V) has difference resistivity due to a number of fexcwuch
0 = apparent resistivity of soif-m) as moisture content of the soil, chemical compmsiti
a . . . .
concentration of salts dissolved in the containatew and
K,, = mesh factor defined for n parallel grain size [4]. Thus, the short circuit current28 kA is
conductors specified. This study is separated into 3 casésllasvs:
K, = corrective factor for current Case 1 The distance between main ground grid and
. larit auxiliary grounding system is 5 m as shown in Eiglhe
|rreg_u anty _ thickness of the top layer soil is 1 m.
lg = maximum rms current flowing Case 2 Configuration is shown inFig. 1. The

between ground grid and earth (A)  thickness of the top layer soil is 4 Bistance between 2
L = effective length ofL. + L for mesh ground grids is the same as case 1.
voltage (m) Case 3 The distance between main ground grid and
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auxiliary grounding system is52m as shown in Fig. 2. contour areasBetween 2 substationthe touch voltage

The thickness of the top layer soil is 1 m. in Fig. 4 around the junction or the edge is very high
The step voltage ifrig. 5is also high at the edge but
lower than theouch voltage.

Table 1. GPR, Touch Voltage and Step Voltage for Casl
Voltage level (V
Type Py 9 V)
of |(Qim) P,(Qlm)
voltage 1 50 100 | 1,000
1 229.07 4,262.9 6,049.6 12,628
M 50 326.93 11,454 20,185 123,330
100 332.64 12,919 22,907, 152,950
Main 45mx45m Auxiliary 45mx45m GPR 1,000 338.37 15645| 29,6640 229,090
1 92.567 3,281.2 4,981.6 11,494
Fig. 1. Ground Grid Configuration for Cases 1 and?. AU 50 91.913 4,628.4 8,887 83,524
100 92.015 4,851.3 9,256.1 91,264
1,000 92.134 4,583.8 9,164.4 92,56)
1 85.55 552.4 588.3 2,395
Touch 50 168.12 4,277.5 6,899.4 22,261
100 172.93| 5,059.6 8,555 34,830
1,000 177.72| 7,820.4 14,180 85,550
1 28.19 178.5 264.9 3,379
Step 50 56.60 1,409.4 2,230.5 7,529
100 58.34 1,628.3 2,818.7 11,47
1,000 60.02 2,619.8 4,710.5 28,190
P resistivity of top layer soil
Main 45mx45m Auxiliary 45mx45m P> resistivity of bottom layer soil
Fig. 2. Ground Grid Configuration for Case 3. M main ground grid system

) Au auxiliary grounding system
The cases are of interest as follows

Case 1: GPR, touch voltage and step voltage fra@n th
study of grounding system installation in variousl s . N .
resistivity, the results are shown in Tabl@4GPR ratio ~ Table 2. GPR Ratio between Auxiliary and Main Grourd

between auxiliary grounding system and main ground Grid Configuration for Case 1
grid is determined as percentage displayed in Table 0 GPR (%)
For detailed consideration, it can be divided dtoases. Type 1 ol
. - of voltage (2 [m) Po(QIm)

5.1.1 Top layer resistivity () is higher than the bottom 1 50 100 1,000
layer resistivity () 1 40.41 76.97 82.35 91.02

. : . GPR 50 28.11 40.41 44.03 67.73
GPRof main ground grid, maximum touch voltage ang 100 27.66 | 37.55 2041 59.67
step voltagewill be increased whem, or p, increases. 1,000 | 27.23 29.30 30.89 40.41

% GPR ratio between auxiliary grounding system and
main ground grids found lower than the uniform soil
case. Therefore, the safety is also worse thanoriferm
soil.

5.1.2 Top layer resistivity ((0l) islower than the bottom
layer resistivity (02)

14115
=K
12991
12429
11867
11305
10743
10181
9619
9058
8496
7934
7372
6810
6248

5686
5124
4562
4000
3439

Fig. 3. Ground Potential Rise on 1000/5@ [m for Case 1.

GPR of main ground grid, maximum touch voltage and
step voltagewill be increased whep, or p, increases.
% GPR ratio between auxiliary grounding system and
main ground grids found higher than uniform soil case.
Therefore the safety is also higher than uniforih so

For example, 3-dimensioBPR of ground grid design
in case 1 is shown in Fig. 3. Fig. 4 and 5 aregitaphs
of touch and step voltages, which illustrate the 2-
dimension view to help determine the safe amsafe
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o] 7 — Table 3. GPR, Touch Voltage and Step Voltage for Ca
40 é‘é‘éz o) Voltage level (V)
Type 1
R 762 of v)(;II)tage (Qlm) P, (Q1Im)
"] 2030 1 50 100 1,000
£ priv 1 229.07| 2,111.2] 2,6958 4,465.4
&7 ‘ 3208 v 50 2531 | 11,454| 17,814 71,074
1 2470 100 | 4837 | 150213] 22907 98,655
7] ( fggg GPR 1000 | 46,333| 57,292| 68,331 229,000
] 823 1 92.57 | 1,756.7 2,3349 4,120.9
T om % momow o owow 0 AU 50 111.79| 4,628.4  8,642|4 54,487
Distance from Origin of Profite (m) 100 132.62| 5,070.4 9,256|7 69,647
Fig. 4. Touch Voltage on 1000/5@ [m for Case 1. 1000 509.62| 4,988. 09,833|8 92,576
1 85.55 | 200.3 | 204.0] 948.§
7 Touch 50 1,921 | 4277| 5519 9,374
R PROROORPOR RN po 100 3771 | 6,683| 8555 17,200
o (NN 243 1000 | 37,055| 40,520 43,830 85,550
] HIOPIONEL 208 1 28.19 | 69.6 | 744 12799
. o Step 50 646 1,409 1,822 3,155
€ ! 1662 100 1271 | 2.199| 2,819 5,704
Es THUHOEO O 18 1000 | 12,526| 13,520 14,490 28,190

LA LR 1114
977
840
703
567
430
293

DU LT LT LS

Table 4. GPR Ratio between Auxiliary and Main Grourd
Grid Configuration for Case 2

0 11 156 3
U oo . e | O Gpg E/")
o m
Fig. 5. Step Voltage on 1000/5@ [m for Case 1. voltage (Qlm) 1 5'((3)2 ( 10)0 1000
] 1 40.41| 83.18 86.63 92.2P
Case 2: The results are shown in Table 3 and Tble 50 242 | 2041 2851 7666
For detailed consideration, it can be divided toases. GPR 100 2'74 33'33 40'4:] 70'60
5.2.1 Top layer resistivity (p,) is higher than the bottom 1,000 { 1.10f 8.71] 1439 40.48
layer resistivity ()
The GPRof the main ground grid, maximum touch
voltage andstep voltagénave the same trend mscasel, — aee

but these 3 voltages in case 2 are higher tharethos
case 1. This is because t@und rodof case 2 are still
in the top layer soil with highersoil resistivity.
Consideration of % GPR ratio between auxiliary
grounding system and main ground gaidthe same soil
resistivity found tha®e GPR ratio ircase 2 is lower than
in that in case .1This means that safety of case 2 is
worse than case 1 because the maximum touch vaftage
higher.

5.2.2 Top layer resistivity (ol) is lower than the bottom
layer resistivity (02)

The GPRof the main ground grid, maximum touch
voltage andstep voltagéhave the same trend Escase 1
but these 3 voltages in case 2 are lower thandrctse
1. This is because tlggound rodof case? are still in the
top layer soil with lowesoil resistivity. Consideration of
% GPR ratio between the auxiliary grounding system
and main ground gridt the same soil resistivity found
that% GPR ratioof case 2 is higher than that in case 1
This means that safety of case 2 is lower tharasecl
from the reason that the tolerable touch voltadevier.

For example, 3-dimensioBPR of ground grid design
in case 2 is shown in Fig. 6. Fig. 7 and 8 aregifaphs
of the touch and step voltages, which illustrate
dimension view to help determine the safe and ensaf
contour areas.

w
g
I

Distance (m)

20 30 40 50

48

60 70 80

Distance from Origin of Profile (m)

90

46601
44059
41518
38976
36434
33893
31351
28810
26268
23727
21185
18644
16102
13561
11019

8478

5936

3394

40518
38386
36253
34121
31988
29856
27723
25591
23458
21326
19193
17061
14928
12795
10663

8530

6398

4265

2133

Fig. 7. Touch Voltage on 1000/5@ [m for Case 2.
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S Table 6. GPR Ratio between Auxiliary and Main Grourd
IRER i i: 13523 Grid Configuration for Case 3
40 12101

ézs, | gggé of voltage| (€2tM) Po(2[m)

% ] ', \ sats 1 50 100 1000
5+ O N press 1 25.29| 52.09] 59.70 77.16
10 (] 3571 L
i g 2080 GPR 50 18.16| 25.29 27.05 42.2%

\ L "7 100 | 17.86] 23.83 2529 35.88
01 17
! " Dziitanioe fr::ron Ori5;in oiOProféIOe (ms)0 ” 1000 17 * 58 18 . 93 19 . 9; 25 " 2 9

Fig. 8. Step Voltage on 1000/5Q2 [m for Case 2.

Case 3: The results are shown in Table 3 and 4. Fo

14339
13714

detailed consideration, it can be divided into 8sa

5.3.1 Top layer resistivity (py) is higher than the bottom

layer resistivity (o)

The GPRof main ground grid, maximum touch voltage
and step voltagehave the same trend &s caselbut
these 3 voltages in case 3 are higher than thosasia 1.
This is because the difference between GPR of thi@a m
ground grid and auxiliary grounding system
significantly higher than that in casel. % GPR orati
between the auxiliary grounding system and mainiguo
grid for the same soil resistivity in case 3 is founddo

than that in casellhis means that safety of case 3 is

is

lower than case 1 because the maximum touch voitage

higher than that in casel.

5.3.2 Top layer resistivity () is lower than the upper

ayer resistivity (o)

The GPRof the main ground grid, maximum touch
voltage, step voltageand % GPR ratio between the
auxiliary grounding system and main ground gatd
different soil resistivityhave the same trend ias3.1.

Table 5. GPR, Touch Voltage and Step Voltage for Cas3

0 Voltage level (V)
Type 1
ofvgﬁage (QIm) P, (QIm) 451
1 50 100 1,000 40
1 237.44 4.644.60 6,508.F 13,151 R
M 50 331.49 11,872 21,13 134,670 e~
100 337.12 13,299 23,744 165,860 8251
GPR 1,000 342.78 15,885 30,18 237,440 gzo-
1 237.44 4,644.6f 6,508.F 101,470 15
Au 50 331.49 11,872 21,13 134,670 104
100 337.12 13,299 23,744 165,860 5]
1,000 342.78 15,885 30,18 237,440 N
1 134.81 1,374.13 1,582 | 1,844.64
Touch 50 226.7 6,740.1 11,45 50,100
100 232.26 7,747.2 13,480 71,380
1,000 237.81 10,660 19,72p 134,810
1 24.59 175.02 237.14 1,105.97
Step 50 54.11 1,229.621,898.98( 6,398.23
100 56.12 1,430.792,459.24{ 9,602.98
1,000 58.10 2,475.3B4,380.68 24,592

13088
12463
11837
11212
10586
9961
9335
8710
8085
7459
6834
6208
5583
4957
4332
3706
3081
2455

10664
10103
9542
8980
8419
7858
7297
6735
6174
5613
5052
4490
3929
3368
2806
2245
1684

0

R R

K X X oK)

w
g

R R AR )

20 b= 4t 4=ty

Distance (m)

15 Jmt=t 4= 44 4

10 Jatatta b= =42t

1123

0 10 20 30 40 50 60 70 80 90 100 110

Distance from Origin of Profile (m)

Fig. 10. Touch Voltage on 1000/5@ [m for Case 3.

0 10 20 30 40 50 60 70 80 90 100 110

Distance from Origin of Profile (m)

Fig. 11. Step Voltage on 1000/5Q [m for Case 3.

For example, 3-dimensioGPR of the ground

grid

design in case 3 is shown in Fig. 9. Fig. 10 andrklthe
graph of touch and step voltages, which illustthge 2-

dimension view to help determine the safe and
contour areas.

ensaf
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Table 7. Safety Criteria for 50 kg Body Weight, 10030

Qlm
Surface Fault Clearing Time 0.1 Foot
Layer sec Resistance:
Resistivity |Touch VoltageéStep Voltage 1 Foot
(Q [in) (V) (V) (Q)
None 741 2,096 3,125
1,500 936.2 2,877.3 4,475
3,000 1,508.3 5,165.8 8,431.9
4,000 1,863 6,588 10,891
8,000 3,335 12,472 21,066
1,2000 4,802 18,342 31,215
1,6000 6,268 24,208 41,356
20,000 7,734 30,072 51,495
24,000 9,200 35,935 61,633

Table 7 is the safety criteria of 1000/50[m soil
structure by material surface covering with 20 ¢rck.

In the procedure of renovation of the existing
distribution substation that requires a small dstion
substation in order to supply temporary electricity
large ground potential difference between two smear
ground grids of the distribution substations carmuoc
when the ground grids of two neighboring distribati
substations are not connected together. This hiBR G
can damage intelligent electronic devices (IED)jcivh
will be used in distribution substations in theufet or
electronic controllers which are currently used.isTh
incident can occur after a fault or lightning in a
distribution system. Moreover, this high GPR isoals
dangerous to personnel operating in the distrilbutio
substation or nearby. The connection between ground
grids of two neighboring distribution substatiors a
simple and economical method with effectiveness to
reduce the damage of devices and danger to pedsonne
that can lead to power supply outage in indushiales
or densely populated areas. Therefore, this mettasd
more advantages compared with other methods e.g.
installing more protection devices which needs more
investment cost but it cannot completely solve the

For the base case, it is found that at the samke soiproblem.

resistivity, the maximum touch voltage is equal to
7,802.4 V andstep voltage i2,619.8 V. To comply with
the safety criteria, it must be covered by 20,000m
resistivity material. The touch voltage also metts
safety criteria. The step voltage does not violtie
safety criteria and it can be easily solvedsenerally,
PEA will spread the ground with crushed rock No.2
(Resistivity of crushed rock No.2 is abdy000 Q[ m).
The step voltage can be solved. Froable 7, spreading
with 3,000 Q[m material, the step voltage criteria is
5,165.8Q[m which can be met.

The study found that the danger may occur at tige ed
of ground grid, so the study concentrates at grogndi
connections between the 2 substations. It is fotnad
GPR, maximum touch voltage and step voltage aralequ
to 10,112 V, 3,846.36 V antl, 408 V respectively. The
decrease is obtained by theduction of resistance of
electrode system

6. CONCLUSION

The ground grid design for the distribution subetat
is examined with the main objective to assess its
grounding system condition in terms of ground pté&én
rise, touch voltage, step voltage and % GPR ratio
between the auxiliary grounding system and main
ground grid. These values are analyzed to enswae th
they comply with the safety criteria defined in tiEE
Std. 80-2000 with three cases classified by 25 kA
Power’s Distribution in PEA. It is found that wheime
ground grid is separated or two neighboring sulmstat
are disconnected, the safety issue must be taken in
account.

In case of ground grids of two neighboring disttibo
substations, connecting ground grids between two
distribution substations can reduce the voltages¢et
the safety criteria.

50

As far as installation costs and other necessary
expenses in grounding system planning are concerned
the length of ground rods, the size of conductdhms,
short circuit current should financially reflect
incremental cost and worth for various alternatiwéde
respecting the established safety criteria [5].
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ot i lee, Effects of Nearby Auxiliary Grounding Imposed on Man
V" - - - -
% Square and Rectangle Ground Grids of Distribution
3 5 a Substatior
}"’r% A. Phayomhom, T. Kasirawat, W. Pobporn, C. Pongstiand A. Puttarach
349

Abstract— The case study presents touch voltage reductioarfiform or two-layer soil by applying compressiatio
technique to square or rectangle ground grid. CuatrBistribution Electromagnetic interference Groumgl and Soil
structure (CDEGS) program is used for the studyppse. The ground grid design is examined with theta assess
its performance in terms of ground potential risePR), maximum touch and step voltage. The parametsr
analyzed to ensure that they are safe conforminthedEEE 80-2000. It is found that in uniform wwotlayer soil, the
soil resistivity of top layer is lower than the twnh’s, for a given GPR, the maximum touch and stéfage of the
rectangle ground grid, regardless its compressiatio, are lower than that of the square one. Thesans rectangle
grid is safer than square one. So, one shouldgmrie the shape of ground grid in the design, esfigavhen they are
placed close together. This is the case when a swhgtation is under construction near the old oréctv is still
energized. The grounding system of the old substatin create steep ground potential rise to thettherefore, the
GPR can harm personnel working nearby and causeadano equipment particularly when the two groundsgare
isolated.

Keywords— Distribution substation, Ground potential rise, Optimum compression ratio, Step voltage, Touch voltag

1. INTRODUCTION

Metropolitan Electricity Authority (MEA) is an elé&ic
utility that is responsible for power distributi@overing
an area of 3,192 square kilometers

MEA serves approximately 35.32 %

of transmission, subtransmission
systems. The transmission line voltage is 230 kkilev

the 69 and 115kV used in subtransmission systems an

12 and 24 kV in the distribution feeders.

Based on MEA's experience, one of the main cause

of a sustainable fault is the short circuit faidiht at the
substation itself. The short circuit generatesdaamount
of currents that flow in the aboveground structucethe
grounding system and finally dissipate in the sohe
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high currents may cause damage to equipment and may
be dangerous to personnel working nearby. It issfoee
important for the substation designer to take adoount

the safety issue pertaining to step and touch geltanit

that may exceed the safety criteria. [1, 2].

in Bangkok, " 14king about th di tem desi !
Nonthaburi, and Samutprakarn provinces of Thailand. aang apotlt te grounding sysem cesign, peopie

tend to familiar with ground grid that its condust@re

; of the whole .iq equally apart, while pay little attention toetone
country power demand in 2010. MEA'’s networks cansis

with unequal separation. One of the reasons farniay

and distribution o oing to the fact that many grounding system

standards focus on ground grid designs with refyular
spaced conductors [3] and put little emphasis on
alternative design options based on unequal cooduct

s:“,pacing. The most likely reason should blame tbk ¢

adequate information concerning the most promising,
efficient grounding system configuration as a statb
avoid lengthy trials in the ground grid design @es In
others words, there is a need of suitable reference
containing necessary guidelines so that a grounding
system designer can focus quickly on the mostieffic
design. This is exactly the main purpose of thizgpd4].

2. EFFECTS OF NEARBY AUXILIARY
GROUNDING SYSTEM OF SUBSTATION

Many a time, the new temporary (small) or permanent
distribution substation is under construction whike
existing substation is still in operation and nadty
removed. There are two grounding systems for each
substation that is not connected each other. Thanglr
grid of the main substation is called main groumi g
(energized electrical power site) whereas thahefdther
distribution substation (temporary or permanent)
distribution substation) is called auxiliary grougdd.
During the time of disconnecting of ground gride th
small or permanent distribution substation is de-
energized, its auxiliary grounding system however
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exposes to the risk of high GPR caused by the main L@A-C)
distribution substation which is still in operatiofihe i =w , Nis odd (3)
GPR’s steepness is located between the main and 21-C )

auxiliary ground grid.
where N is the number of conductor perpendicular to the

The proper design of grounding system can enswge th L is isthe length of the sidém)

personnel safety in the distribution substation levhi

maintain reliable operation of the power systemisTh 4 caAse sTUDY

calls for the optimum compression ratio (OCR) be

applied in the design together with the targetderkthe ~ This paper studies the effects of nearby auxiliary

touch voltage its minimum value [5]. grounding system of substation by comparing the
Figure 1 shows the configuration of a ground ghiel t ~ configuration of main ground grid between squarénma

grounding conductors of which are of exponent ground grid and rectangle main ground grid asvshio

regularity arrangement. This arrangement cannoy onl Figures 2 and 3. The compression ratio is variechf0

decrease the potential gradient of the ground seyrfaut 0 1.0 to notice the different of GPR ,touch voéaand

also regarded as a safe and economic design miuel.  Step voltage. Auxiliary ground grid is determinesithe

problem is how this exponent regularity be definag. ~ square ground grid at 1.0 constant compressioo. Tt

one can notice, the grounding conductors arrangedlistance between main ground grid and auxiliary

according to an exponent regularity, its condusipan  9grounding system is 25 m.

decreases exponentially from its centre to the eddiee

grounding grid. The ' conductor span from the centre is

given in Eq. (1) [4, 6].

d = dma)Ci (i =0tom) (1)

where d; is thei ™ conductor span from the center (m) PEELUN

Main ground grid Auxiliary grounding system
dma><is maximum conductor span (m) g g g g sy

- . th . . Fig. 2. Two Neighbouring Distribution Substation with

where C is the compression ratio, whose value ranges
from zero to 1 (6 C < 1), if C = 1, then the grounding
grid is of equal conductor span design. Nedenotes the
number of (perpendicular) conductors to the side of
interest of the grounding grid, if N is an even fogm m

= N/2-1; if N is an odd number; then m N{1)/2-1. The 25'm
1 ™ conductor span was counted from the centre of the e
grounding grid, not from the edge [6, 7].

Main ground grid Aucxiliary grounding

‘ I syste m
———————————————————————————————»]

Fig. 3. Two Neighbouring Distribution Substation wth
Main Rectangle Ground Grid.

This research presents compression ratio technique
which its values are varied from 0 to 1.0 with eifint

=0 dirgension (square and rectangle) but the sameooingr
grid.
Aax q T MEA’s permanent distribution substation’s ground
i=0 1 2.m grid is approximately 40 m x 40 m. This paper then
Fig. 1. Grounding Grid Scheme Arranged with  Studies the 40 m x 40 m (1,600)nsquare ground grid
Exponential Rule. while varying the compression ratio from 0 to 19 a

shown in Fig 2 All ground grid conductors are 95 fim
The conductors are perpendicular to the side, then  (0.54979 cm. in radius) and buried at a depth 6frf.
central span(s) is defined by equation either B).of  The number of conductor in width and long side @re
(3). conductors. Total buried length of main electroslg2i0
L@-C) m. Top views of ground grid configuration are shown
, Nis even (2) Figure4.

d

max

C1ecooc(MD
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C=0.0 C=01 C=02 grid are buried in 10/10Q.m soil resistivity.
The details of each case are as follows:
Casel
The result in casel shown in Table 1 are from theue
C=0.3 Cc=0.4 C=0.5 main ground grid installation and from rectangleirma
ground grid in Table 2. The comparison of touchage
graph is shown in Figure 6.
Table 1. GPR, GPR Ratio Touch and Step Voltage with
C=0.6 C=0.7 C=0.8 40 m x 40 m for Case 1
Square 40x40(Ay
€ MGPR V) ——{ RIM (%) | Touch (v) | Step (V)
00 [ 34477 643.9 18.68 2,818.0 512.
C=0.9 C=1.0 01[ 2,992.7 644.6 21.54 2,362.7 433.7
02] 2,888.6 | 6441 22.30 2,259.4 416.1
03] 28401 6437 22.67 2,211.3 395.
04[] 28163 6429 22.83 2,187.6 377.
05[] 2,804.7 642.3 22.90 2,176.3 360.1
0.55] 2,803.6 | 642.1[ 22.90 2,175.4 343.0
, . . , . 06] 28041 6420 22.89 2,176.0 343.
(leg. 4. _ GrF;)utndm%h 4%I’Id VZ,I(t)h Various Conductor 07 28084 6a17 2585 2.180 5 320,
ompression Ratio wi mxavm. 08| 28151 | 6415 22.79 2,187.4 320.7
) 09] 28177 641.3 22.76 2,190.2 324.
If we compare the resulted GPR, maximum touch[10]| 2,827.1 641.2 22.68 2,199.7 325.1

voltage and step voltage of the square groundwgitid a
rectangle one 20 m x 80 m (1,606)rground grid. The
ground grid configurations with compression ratiigd

Table 2. GPR, GPR Ratio Touch and Step Voltage with
20 m x 80 m for Case 1

from 0 to 1.0. All ground grid conductors are 95 m

: ) . Rectangle 20x80(M
(0.54979 cm in radius) and buried at a depth ofr.5 C GPR (V) M98 | Touch (| Step (v
The number of conductors in width and long side S&re M R (%) | Touch (V) ep (V)
and 5 conductors respectively. Total buried length | 0.0 | 29995 523.7 17.46 2,184.2 456.4
main electrode is580 m. Top views of ground grid 8'; g'gig-g 252-2 ig-g? i'g;g-g ‘3‘;2'2
configuration are shown in Figufe 03| 263L1 £33 19.89 18168 3324
0.4 | 2,624.4 525.3 | 20.02 1,807.5 333.9
05| 2,626.0 524.6 19.98 1,809.7 326.4
C=0.0 Cc=0.1 C=0.2 0.55] 2,627.0 524.3 19.96 1,811.1 3170
(I 0.6 | 2,6285 524.0 19.93 1,813.0 320.3
L ] 07] 2,6311 523.3 19.89 1,816.9 332.7
Cc=03 C=04 C=05 0.8 2,635.6 522.8 19.84 1,821.7 3204
09| 2,640.2 522.4 19.79 1,826.9 322.3
- } - 10| 26500 | 5223 19.71 1,836.9 3418
C=0.6 C=0.7 C=0.8
H—'—'—'—'—t—ﬁ T I I I I
N 1| A=+ 3,0000
T I I I 11 T I I I 11 )
C=0.9 C=1.0 M
e e e e 2,5000 -y
e e e e <
""4'--»-—4.... -——¢— -9
Fig 5. Grounding grids with various conductor 12,0000
compression ratios with 20 m x 80 m dimension. 2
@
L 31,5000
The top layer has a more resistivity than the botto 2 -+ 40mx40m
layer (deep layer) or on the other hand due torabmu 2 —=—20mx80m
of factors such as moisture content of the soinaical 1.000.0
composition, concentration of salts dissolved ire th
contained water, and grain size [8, 9]. 5000
There are 3 cases of configuration studied.
Case 1the conductors of square and rectangle ground
grid are buried in the 10.m soil resistivity. 0 010203 040506070809 1
Case 2the conductors of square and rectangle ground Compression Ratio
grid are buried in 100/1Q.m soil resistivity and. Fig. 6. Touch Voltage as A Function of Conductor

Case 3the conductors of square and rectangle groundcompression Ratios for Cases 1.
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The result found that all voltage at every value of

compression ratio of square main ground grid aveeto §§s :
than rectangle main ground grid. At 0.55 OCR, GRP, §§s

iy

touch voltage and step voltage are equal to 2893.6
2,175.4 V and 343 V respectively. The study alamib
that at the worst case, compression ratio is etudl.
When the configuration of OCR is used instead, ltouc
voltage can be reduced for 22.80% (from 2,818 V to
2,175.4V). At 0.55 OCR, %GPR ratio is 22.90%. More
GPR cause more reduction of voltage. The safetysis
increased. )
For the rectangular main ground grid at 0.4 OCR, ‘
GPR, touch voltage and step voltage are 2624.4 V
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1807.5V and 333.9 V respectively. Comparison touchpzin Ground Grid at OCR 0.4.
voltage at 0 compression ratio found that touchags

can be reduced for 17.25% (from 2,184.2 V to 1807. cage?2

V). For rectangle ground grid with OCR 0.4, 3-
dimension GPR touch and step voltage are in Figdres
to 9 respectively.

voltage graph is in Figure 10.

Fig.9. 3-Dimension Step Voltage for Case 1 with R&angle

The study of case 2 is shown Tiables 3 andi. Touch

Table 3. GPR, GPR Ratio Touch and Step Voltage with

I 40 m x 40 m for Case 2
2293
2138 Square 40x40(A)
e c GPR (V) RIM (%) | Touch (V) | Step (V)
1521 M R
e 0.0 | 14,198.0] 654.7 4.61 13,553. 4,429.9
1332 0.1 9,575.2 646.0 6.75 8,939.4 2,980]1
- 50 02| 84844 | 6445 7.60 7,849.3 32,6195
441 03| 7,9638 654.6 8.22 7,319.3 2,317|7
0.4 7,576.5 643.8 8.50 6,942.4 2,095|4
05| 7,384.6 653.0 8.84 6,741.3 1,902/4
0.6 7,269.1 652.4 8.97 6,626.2 1,833}4
0.7 | 7,209.9 651.8 9.04 6,567.5 1,719(7
08| 7,130.4 641.1 8.99 6,498.1 1,700/0
. . . . X 0.87| 7,054.3 641.4 9.09 6,422.4 1,757.1
Fig. 7. 3-Dimension GPR for Case 1 with Rectanglglain 09| 70599 6413 9.08 6.428.1 171313
Ground Grid at OCR 0.4. 1.0| 7,078.4 641.0 9.06 6,446.8 1,781}4
— 107 Table 4. GPR, GPR Ratio Touch and Step Voltage with
A 20 m x 80 m for Case 2
1420
1201 . S Rectangle 20x80(f
1033
0,
904 o R R/M (%) | Touch (V)| Step (V)
510 0.0 | 11,6000 5255 453 10,7750  3,599.6
FH4 0.1| 8,602.1 530.1 6.16 7,771.9 2,796|5
- 12 0.2 | 8,053.7 529.2 6.57 7,223.0 2,459|3
0.3 7,504.7 522.4 6.96 6,680.7 1,996|9
04| 7,637.2 526.1 6.89 6,809.0 2,052|1
0.5 7,577.1 524.5 6.92 6,750.2 1,978|6
06| 7,535.9 523.2 6.94 6,710.3 1,980|3
0.7 7,504.7 522.4 6.96 6,680.7 1,996|9
0.8 7,499.5 522.0 6.96 6,676.7 2,012.6
Fig. 8. 3-Dimension Touch Voltage for Case 1 with 0.87| 7,543.7 523.5 6.94 6,699.3 2,025/6
Rectangle Main Ground Grid at OCR 0.4. 09| 75050 5221 6.96 6,683.4 2,023{1
10| 75757 518.7 6.85 6,755.6 2,069|5
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16,000.0

1757

e

14,000.0 3 }333

1256

12,000.0 :;gg

= \\ 880

2 10,000.0 \ éi‘;

% k\ 504

S 80000 ~ - 2%

: - _ ___ =% 40mx40m %gg

S 60000 =Y e 20mx80m 2

8
4,000.0
2,000.0
0 01020304 0506070809 1 Fig.13. 3-Dimension Step Voltage for Case 2 withy8are
Compression Ratio Main Ground Grid at OCR 0.87

Fig. 10. Touch Voltage as A Function of Conductor

Compression Ratios for Cases 2. As mention,at 0 to 0.4ompression ratioGPR, touch

voltage andstep voltage o§quare ground grid are lower
than rectangle square ground grid. For square ground
grid with OCR 0.88, 3-dimension GPR touch and step
voltage are in Figures 11 to 13 respectively.

The result found that at 0.87 OCR , GRP ,touch
voltage and step voltage are equal to 7,054.3 4264
V and 1,757.1 V respectively. The study also fothmat
at the worst case ,compression ratio is equal ¥Wigen Case 3
the configuration of OCR is used instead ,touchagd  The results which is square main ground grid itesiah
can be reduced for 52.61% (from 13,553 V to 6,42P.4 in case 3 are shown in Table 5. Table 6 is theltest
- At0.87 OCR, %GPR ratio is 9.09%. rectangle main ground grid installation. Comparisdn
touch voltage and step voltage are 7,499.5 V, 6/6Y6
and 2,012.6 V respectively. Comparison touch veltay Table 5. GPR, GPR Ratio Touch and Step Voltage with
0 compression ratio found that touch voltage can be 40 m x 40 m for Case 3
reduced for 42.44% (from 11,600 V to 6,676.7 V).

Square 40x40(A)
c GPR (V) RIM (%) | Touch(v)| SteP
. M R V)

053 00| 15611.0| 6,0345 38.66 9,780.9 715|9
s107 01| 15,0230| 6,0386 40.20 9,193.2 9064
pib 02| 14,9720| 6,038.8 40.33 9,146.1 903|1
Y 0.3 | 14,966.0 | 6,0395| 40.35 90,1416 897.1
307 0.4 | 14,986.0| 6,034.1 40.26 9,158 6 8837
2201 05| 15011.0] 6,030.5 40.17 9,183 8 870[7
a0 06| 15041.0| 6,0294 20.09 9,214 3 820[0
200 0.7 | 15,068.0| 6,028.6 40.01 9,242.2 783[1

08| 15,091.0| 6,028.0 39.94 9,265.2 759|6

09| 151130| 6,027.4 39.88 9,288.1 758(6

10| 15,1400 6,027.1 39.8 9,314.3 73219

Table 6. GPR, GPR Ratio Touch and Step Voltage with

20 m x 80 m for Case 3
Fig. 11 3-Dimension GPR for Case 2 with Square Mai X

Ground Grid at OCR 0.87. Rectangle 20x80(fh
€ - GPR (V) - RIM (%) | Touch (V) | Step (V)
_— 2 0.0 | 14,151.0| 5,063.3 35.78 6,086.4 755.5
505 0.1 | 13,769.0| 5,057.9 36.73 6,583.7 887.6
asar 0.2 | 13,765.0 | 5,058.6| 36.75 6,580.1 878.9
toro 0.3| 13,850.0| 5,045.1 36.43 6,676.1 728.9
e 0.4 | 13,787.0| 5,052.6 36.65 6,607.5 765.9
2294 05| 13,821.0| 5,050.4 36.54 6,642.9 754 8
1376 0.6 | 13,808.0| 5,001.2 36.22 6,687.5 739.4
- 450 0.7 | 13,850.0| 5,045.1 36.43 6,676.1] 728.9
0.8 | 13,868.0| 5,042.8 36.36 6,697.0 7249
0.9 | 13,885.0| 5,041.6 36.31 6,716.7 705.5
10| 13,852.0| 4,996.1 36.07 6,734.4 7247

Fig.12. 3-Dimension Touch Voltage for Case 2 witSquare
Main Ground Grid at OCR 0.87
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Fig. 17. 3-Dimension Step Voltage for Case 3 with

0 0102 03 04 05 06 07 08 09 1 Rectangle Main Ground Grid at OCR 0.2.

Compression Ratio

This research found that all voltage value at every
Fig. 14. Touch Voltage as A Function of Conductor ~COmpression ratio ofectangle main ground gridre
Compression Ratios for Cases 3. lower thansquare main ground gridzor square ground
grid with OCR 0.2, 3-dimension GPR touch and step

The study found that at various value of voltag8.8t  voltage are in Figures 15 to 17 respectively.

OCR , GRP ,touch voltage and step voltage are equal

14,966 V, 9,141.6 V and 897.1 V respectively. 5. CONCLUSION

Comparison with 0 compression ratio touch voltage ¢
be reduced for 6.54% (from 9,780.9 V to 9,141.6 V).

The study of various voltage value for the rectang|
main ground grid at 0.2 OCR, GPR, touch voltage and
step voltage are 13765 V, 6580.1 V and 878.9 V
respectively. Comparison touch voltage at 0 congioes
ratio found that touch voltage can be reduced 82%
(from 6,986.4 V to 6,580.1 V).

The study of square and rectangle main ground grid
shape without ground rod in different soil resigivcan
be concluded as follows.

1. At uniform soil characteristic and soil resigtvof
top layer soil is lower than bottom layer soil, GPR
maximum touch voltage and maximum step voltage at
every value of compression ratio of rectangle main
ground grid are lower than in square main ground. gr
This mean rectangle main ground is more safety than
square main ground.

e G L -

12686 2. When soll resistivity of top layer soil is mattgan

11168 lower bottom soil all voltage value of square mgiid

o are more than rectangle main grid at 0 to 0.4
7ar2 compression ratio. Whereas 0.4 to 1.0 intervalyallie

7213 . .

ess4 of voltage are lower than rectangle main ground.gri

is7e 3. The percentage value of GPR ratio of square main

grid and rectangle main grid are safety indicatdore

percentage value means higher safety. The compariso
must only be in the same shape of ground grid
configuration at various compression ratio. Between

Fig. 15. 3-Dimension GPR for Case 3 with Rectangain square and rectangle or same shape with differ@ht s

Ground Grid at OCR 0.2. resistivity can not be compared. The comparisothef
safety must consider maximum touch voltage and
—_— maximum step voltage whether all of these values
3640 exceed the determined safety criteria.
4230
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g e, The Optimal Energy Management of Hybrid Cooling System
W . .
$ LQ % for Telephone Exchange in Thailand
}"/m% Somkuan Rimsmutchai, Pornrapeepat Bhasaputra, Atarer Pattaraprakorn,
‘719

Natapongkorn Pawanawichien, Surasak PanjavaraGbatyapat Kumpeerakupt,
Kitti Tirawannavit, Wichit Krueasukand Kreingkrai Chongkhanpond

Abstract— The existing cooling system of telephone exchaogsutnes more than 45% of overall energy consumption
and generates the large amount of 8fat affect the global environment as welhcusing on the energy conservation
and expenditure, the hybrid cooling system usigati blowers integrated with the existing air citf@hing system is
proposed. The hybrid cooling system for telephone exchangeThailand is proposed to enhance the energy
management by integrating the conventional air @muing system with air ventilation system. Acdogdto the
complicated hybrid cooling system, the optimal ggemanagement criteria are determined to minimiee énergy
consumption subject to security constraints for difeerent seasons. In additional, the energy comstion, life cycle
costs, temperature and relative humidity profilee aompared with the conventional cooling systehe &xperiment
demonstrated that the energy consumption of théngpsystem decreased 91.540td the overall energy consumption
decreased 36.92% as compared to the conventioringosystemThe annual cost of the proposed system can reduce
up to 296,092 THB/Room with less than 1 year afrrebn investment. The proposed system can opeftiteut any
interruption under the temperature and relative lditg requirements. Finally, the report includedportant detalil
such as innovations, designs; preventive maintemaequirement and barriers of proposed system v@lshown and
described.

Keywords— Optimal, Energy, Hybrid, Exchange.

The traditional cooling system normally used the
1. INTRODUCTION precision air condition for telephone exchange with

many operation methods to enhance the energy

TTe teleph(_)ne_ exchange 'rsl. ;he back bone_ m(:l];' thernanagemenWhich is shown in Figure 2. Precision air-
telecommunication system which consumes a sigmtica ., qitioning systems regulate temperature and ivelat

amount of energy. However, the energy consummion ,migity for sensitive and precisely purpose, thatad
telephone exchange is concerned in term of Sigmfic  conters’ and the telephone exchanges are typical
operatmg_cost].c F:gu[]e 1 shor\:v propohrtlons of energyhinciples used this kind of cooling system, itafence
consumption of telephone exchange, the proporiad8s ., 4ir conditioning systen for resident which disa

45% for_air condmgn system, 40% for telephone general household. In order to easy understandaits
equipments, 10% for lighting and 5% for the other. infer that the Precision air-conditioning systensvé
several special parts, the first part is the Hebbeit,
both types included electric coils and hot refraggrgas
usually used for control room temperature withittisg
Ak comttonkre. point, next part is Humidifier Unit, both types inded
infrared and electric coil usually used for corgproom

Telecom.

cquipment, relative humidity within range, the last ones isn€ol

40%

Unit, it's improtant part used for controlled oa#rof air
conditioning unit. Parts of conventional and psexi air
conditioning are shown in Figure 3. However, these
types of air conditioning rather consume a lot nérgy
when comparing to air conditioning systen for resid

This paper presents the optimal enempnagemenof
hybrid cooling system between precision air cooditig
and air blowers to control the room environment for
minimizing energy consumption and acceptable room

Somkuan Rimsmutchai (corresponding author), Ppepat conditions. Focusing on the energy conservation and

Bhasaputra, Natapongkorn Pawanawichien, Surasafavaaanont, ~ ©Xpenditure, the hybrid cooling system using the ai
Chaiyapat Kumpeerakupt, Kitti Tirawannavit, Wictirueasuk,and blowers integrated with the existing air conditiogi
Kreingkrai Chongkhanpondre with Department of Electrical and system is proposed. Comparing the energy consumptio

Fig. 1. Proportions of energy consumption of
Telephone Exchange.

Computer engineering, faculty of engineering, Thasat University, ; ; FE
99 M18 Phaholyothin Road. Khlongluang, Pathumthdm@120, life C)Ilde (;]OStS’ temperalture l.and relative huTldlty
Thailand. E-mail addressomkuan_rim@hotmail.com controls to the conventional cooling system conwere

Woraratana Pattaraprakorn is with Department of nGtel done.
engineering, faculty of engineering, Thammasat ersity, 99 M18
Phaholyothin Road. Khlongluang, Pathumthani 12T2@jland.
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Telophons Equipment Koom the appropriate cooling system. The experimen&llte
of various cases are illustrated in Figure 4, nemitvo
of graph: Inside room without air conditioning and
ventilation, shows that the telephone exchangeeidn
Telecommunication . .
Equipment the ventilation system because temperature of Helep
| wl ol ol i exchange without any ventilation system will bectresd
ﬂunﬂ-] the upper limit in a short period.
Table 2. Average Temperature and Relative

Humidity of Bangkok Thailand in 2010

Precision Air
Conditiening

| Month Temperature (oC) Relative Humidity (%o)

, - . Jamuary 2010 32.00 86.65
Fig. 2. Existing Cooling System of Telephone Febuary 2010 0032
Exchange. March 2010 8037

April 2010 63.70
May 2010 ; 7187
June 2010 3200 76.60
Compressor Expansion Evaporatorand Air Blower Tulv 2010 31.53 7916
Valve Condenser Coil B =
Angust 2010 3120 7939
l 3@ i % September 2010 3180 7697
October 2010 3157 7171
- November 2010 31.60 6587
December 2010 30.07 61.49
+ Average 31.95 75.34
B oian Ar Heater Unit HumidifierUnit  Control Unit The various cases of relative humidity is recordad
: = shown in Figure 5. The relative humidity inside tbem
is lower than the outside. In addition, one bloweay

not maintain relative humidity of room; however déar
blowers cannot control relative humidity of roomtiwi
significant additional controllability when compareith
Fig. 3. Parts of conventional and precision air two blowers. According to experimental results, the
conditioning. optimal design of ventilation system is the hybiib
blowers with the existing precision air conditiogin

2. OPERATION STANDARD AND 3. OPTIMAL ENERGY MANAGEMENT
REGULATIONS OF COOLING SYSTEM FOR
TELEPHONE EXCHANGE Methodogy

Environmental Requirement From experimental results, only one blower can ta#in

the room temperature within the accepted range,

The basic environment requirements to operate thenowever the room conditions are depend on manwgifsct
f[eleph_one exc_:hange must meet three requwemgntgspecia”y outside room temperature. The optimaigte
including equipment operating temperature, relatlveof ventilation system for temperature control isotw

humidity a_nd ar _partlcle. Man_ufacturers criteria that are room temperature control by dagd

recommendation for environmental requirements Ofseasons

equipment is shown in Table 1. Average temperature and relative humidity of
Bangkok, Thailand, are shown in Table 2. whichdhe

Table 1. Equipment Environmental Requirement door ambient temperature is less than or equaD28.3

Equipment Environmental Requirements 3,730 of 8,760 hours in a year or 43% of the Wl}(dar
o Operating Temperature ('C) | Operating Humidity (%Rr) as shown in Figure 6. During this period, only one

OSN-3000¢ 0-45 10 - 90 . . oo
DWDM-so00¢ 0-45 10-90 blower can maintain the room temperature within the
::JA;E\-XX g:: 13:2 recommendation with less of energy consumption. The

=00 - - . . .
NTU 040 10-90 rest 5,030 of 8,760 hours or 57% is important kyio
PDH 0-45 5-95 needs for optimal energyanagement.

Table 2 shows the average temperature and relative
humidity of Bangkok, Thailand. The comparison of
temperature and relative humidity in Table 1. ardbl®
2. seem that equipments will be able to operatbowit
any control system, the telephone exchange caratgper
without the precision air conditioning system.

In fact, the generated heat from equipments may
accumulate and increase the room temperature wiithou
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Fig.4. Comparison of Temperature with various coolig method and Recommendations for TelecommunicatioBquipment
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Fig.5. Comparison

Equipment.

of Relative Humidity with various cooling method and Recommendations for Telecommugation
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45.00 Q air flow rate (f/min),

40.00 | T, the outdoor temperaturgr),

5~ 35.00 T, the indoor temperatur&R).

< 30.00

3 2500 |- - : _
G 2000 f Air Changes

o
E 15.00

© 1000 | N = 60Q/V 2)
=28 | where
N  number of air changes per hour,

V  volume of room (f).

_ _ ] Air Change/h  determined how many times of room
Fig.6. Temperature duration curve of Bangkok in 200. volume would fill up with the air from the regissein
one hour.

Design and I nstallations Installation

The venglatrllon a]ir voll:me IS an important _factdr 0 fThree blowers with temperature sensor are instaled
generated heat for telecommunication equipment. Ifgpqyn in Figure 8, the existing precision air cdinding

ventilation air volume is higher than generatedtitea 54 5ir plowers are used to control room conditions
over need energy consumption is the waste of dpgrat

system. On the other hand, the ventilation air naus

under the standard may cause the damage O expaustar Cuiatal Vait
telecommunication equipment. The heat generateu fro g“ O_‘_ R
telephone equipment is depending on many factahk su O_ g R’e
as various ambient outside room temperature artidba Yenbiiiie

telephone equipment operation. The first step cigite Aiows SENSOr o s mem
and installations stage is data collection, thigegxnent [ '
used data logger to measures and records the root - ¥
environment consists of temperature and relative ||

Telecommunication
Preeislon Alr Condition Equipment

Alr Intake

humidity, both of inside and outside the room waoee,
details as shown in Figure 7.

Fig. 8. Air Blowers, Temperature Sensor and ControlUnit
Installation.

Control Procedure

b P—
> pitaLogger The temperature control procedures are shown iar€ig

/,,,,;:i ,,,,,,,,, | 9, and operating procedures are as follow:

| o y, [a] When the room temperature is less than or egfual
‘44 °C, one set of air blower is operated to controlmoo
) temperature.

—J [b] When the room temperature is reached to°G2
- two sets of air blower are operated to control room
temperature.

[c] When the room temperature is reached t0°G3
three sets of air blower are operated to contralnro

The airflow requirements are sometimes very difficu t€mperature.
to evaluate for minimizing energy consumption. To [d] When the room temperature is reached to°G5
avoid equipment shutdown caused by high temperaturehe existing precision air conditioning is opedat®
and to make sure that room temperature will be notcontrol room temperature.
excesses recommendation, the design of air floevaat
air change must be higher than normal design of
ventilation system as shown in Eq.(1).

>

Fig. 7. Temperature and Relative Humidity Data
Collection.

(Tl _Tz)
1.10¢

Q = Heat load x (1)

where

62



S. Rimsmutchai et al. / GMSARN International Jouth&012) 59 - 66

the telephone exchange, is provided with totabding
gaseous system, as shown in Figure 11, when farenal
persists, precision air conditioning and/or vetitla
blowers have to shut off and every openings have to
automatic close, each opening must equipped with fi
resistance rated material with at least 2 hourgabke of
fire and gaseous discharged the effective holding to
maintain the right concentration such as FM200
standard, at least 10 minute of holding time wi# 7
concentration is concerned.

Talaphone Equipment Room

Telecommunication

Equipment

Precision Alr
Gonditioning | ml uil

* = Air Blower, power demand is 1.03 kW

“ = Precision Air conditioning, power demand is 12.48 kW

Fig. 9. Temperature Control Procedure.

Safety Preparations

However, a flexible working of controlled air blowky
temperature is an optimum choice to maximize the
energy saving. The design with automatic operataday
temperature sensor to control the number of blowaess
required. This experiment utilized the existing hotor
minimizing the installation cost. The fire ratedeedt
doors of main entrance are used for air intakethéo
room and in case of fire; function of the door i f
damper. Magnetic lock has been used to hold door to
open, when normal situation and automatic reliefrde

to close in case of emergency situation.

In order to avoid accumulate of heat inside equipme
rack, cover should be removed, the heat spreadam r
and remove to outside by ventilation system. The
equipment rack is shown in Figure 10. Fire Darmper

Air Blower Electromagnetic Lock Type

Fig. 11. Total flooding gaseous system in action.

-

Fig. 12. Fire damper electromagnetic locked type

In this design concept, when emergency situatiah an
fire alarm persist, all of ventilation blowers stuft, fire
damper with electromagnetic locked type is dropfed
close the opening and magnetic lock at entrance idoo
relief, door automatic close to seal the room asvshin
Figure 12 and Figure 13.

Fig. 10. Telephone equipment rack.

In addition, the safety design of fire detectgystem
is need for safety and security conditions so tiopased
system is redesigned the room conditions which@ase
suppression system to meet the recommended standard
Telephone exchanges must install fire detectionfaed
suppression system.

The automatic fire suppression system espedatly
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Baht or 7.6 times when compare with the conventiona
system.
Life Cycle Cost (LCC):

LCC = Cic+Cin+Ce+Co+Cm+Cd 3)
where:
Cic initial costs,
Fig.13. Door with magnetic lock. Cin installation and commissioning costs,

Ce energy costs,
This proppsed ex_p(_ariment_ is not i_nst_aIIed sensor toc, operating costs,
control relative humidity, during monitoring fourttat . .
relative humidity of room is not over recommendatio Cm  maintenance and repair costs,
limit. The other control condition is air particlhe air ~ Cd decommissioning/disposal costs.
filters are using to control air quality.
Table 3. Air Blower Selected Specification

ﬁm Normal air displacement at 0 mm. WG. 20,640 cfin.
Mé Electrical system 1 phase 220 volts.
3 Motor current 4.48 amps.
| Absorbed power 1.029 watt.
| o | Syerse [Fan speed 388 rpm.
Efficiency 20.1cfim/w.
Noise level 64 dBA at 7 m.

— Easy toinstall
and take off

Easy to install
and take off

Fig. 14. Air Filter design for user friendly easyto take off.

Air filters are installed at air intakes point. The

specification of air filter depends on volume oftjde Fig. 15. Ventilation fan.
in the air, this experiment found that a lot of tjde
from outside air made air filter clog very quickiyhe In addition, the life cycle cost of precision air

important issue is air flow, which is not only hat®  conditioning and optimal energy management system
control air quality but also have to easy to préwen  consists of electrical expense, preventive andectiue
maintenance. Air filter shall be designed to easyake  maintenance costs, i.e., the details are showrabieT4.

off for cleaning and easy to install its back, gulock  The present Value of cost saving of the optimargne
basis are required. The double pre-filter is used t management system which calculated by the discount
layers, first is nylon meshwork filtemd second is ate technique is calculated by Eq. ¢hg details are
polyester that normally used in air conditioningsteyn shown in Table 5.

as shown in Figure 14. Present Value (PV):

4. EXPERIMENTAL RESULTS

In this experiment, the details of designed vetitifa
blowers by using Eq. (1) and Eq. (2) are shownabl&  where:
3, and selected air blower shown as Figure 15.

PVi )

N
i=0

PV, the present value of year

Financial Analysis N  the number of cycle year.
The Life Cycle Cost (LCC) of system is calculated b
Eq. (3) that LCC of precision air conditioning syst is Furthermore, the proposed ventilation system with

11,863,017 Baht. And LCC of the optimal energy optimum design by the optimal energy management
management system is only 1,562,246 Baht. Themethods can enhance the energy efficiency for helep
proposed system can reduce LCC of environmentalexchange which can reduce the energy consumption up
control system for telephone exchange up to 10730, to 91.54% from existing precision air conditioning
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system. Figure 16 shows the energy consumption ofequipment operating temperature, relative humidity
proposed system and conventional cooling system. and air particle. In addition, for flexibility and
efficiency of operate and fixing the problems, the
system shall be designed and installed with both
automatic and manual mode badise watchdog
system have to provide, alarm and warn when a
trouble is brewing such as when ventilation fan

KWh
120000 ©

100000 ~~

L
80000 v break down, the alarm should send to the
60000 / responsible officer. Although the air ventilation
SITEIT / system is the main system, the existing air
20 17~ & conditioning system have to available for cooling
0 ¥ . . the room for all time, especially need to be wogkin
peeckion Al NesilatonSyetcn automatically. Finally, from experiment results

conditioning

found that the hybrid cooling system by integrating
Fig. 16. Comparison of energy consumption with air the conventional air conditioning system with air
conditioning and ventilation system. ventilation systenare suitably for reducing energy
h | iion for Precision A consumption for telephone exchange which
€ annual energy consumption for Frecision Al jnqtajled equipment with circuit switch technology.
conditioning system is 107,820 kWh/room and 9,123|P base or package switch technology usually used

kWh/room for conventional cooling system and . . .
proposed ventilation system respectively. The ahnua!” Data Center these devices generated high rate of

cost of the proposed system can reduce up to 286,00h€at and especially, its sensitive to heat can tead

THB/Room. The proposed optimal enengyanagement ~ Unexpected problems with overheating, so, they
of hybrid cooling system is able to greatly redeoergy ~ might broke down. Until we have knowledge base

consumption and operating cost, althoush, the cos@bout this system, advice that not to use with
saving depends on setting point of room temperature above-mentioned.

5. DISCUSSIONS 6. CONCLUSION

The results ofexperiment during operated and The proposed optimal energyanagement of
monitored these hybrid cooling systems whichhybrid cooling system for telephone exchange is
using the air blowers integrated with the exis@ig  redesigned the conventional system by considering
conditioning system found that the system can bequipment requirement, safety standard and energy
released heat that generated from equipments quitéanagement. From experimented results, the
well and has ability to control temperature of telephone exchange can operate without any effect
telephone switching room within acceptable rangebut the energy consumption can reduce up to
with  manufacturers recommend even though theg1.54% and the overall energy consumption
raining day. The major concerned is air particit th decreased 36.92% as compared to the convention
come into the roomsand made air filter clog, cooling system. The annual cost of the proposed
obstruct the air flow and decreased volume of airsystem can reduce up to 296,092 THB/Room with 1
intake to the room, rising of temperature which year of return of investment. In additional, LCC of
caused room high temperature. Some of air particlehe optimal energymanagement system is only
appeared on the wall, walk ways, some on the13.47 % of conventional system, the proposed
cabinets and switching board. At the first time, system can save up to 9,717,708 THB/Room, when
clean-up the air filter every 2 weeks, but it can’t compare with the conventional systefiis hybrid
solved the room high temperature, so, in order tacooling system have the potential for practical
solve the problem its necessary to increas@mplementation, but, it's have to continued monitor
frequency of clean-up the air filter. At the next and evaluated. Further study, when a fan driven by
phase of experiment, additional air filter are a fixed speed motor the airflow may sometimes be
required, two sets of air filter provided, twiceyda higher than it need to be, it is more efficient to
cleaned with alternate basis, under process t@egulate the airflow by regulating the speed of
monitor the air particle. motor. Variable Speed Drives (VSD) with
Over one year operated didn’t found damage ofventilation fan application is the way to enhance
equipments which caused by heafrom collection  energy saving, it uses less energy than fixed speed
of air particle.The factor affects to the proposed mode of operations. The proposed temperature
system should be mentioned as followifigst of  control method by used VSD application will be
all, design and install the system should beinvestigated in the future study.
considered of three requirements including
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Table 4. Comparison of Life Cycle of Air Conditioningand Ventilation System

(1Em " | Year | . "
LCC (Ife cycle cost) | 1 I 3 I 5 I 7 I g I 10 1 [ = [ s I = I o I 0 | Total {Bzht)
Precision Air condition 2 Unit
Cic (initial costs/purchase price) 960,000 960,000 - 1,920,000
Cin (instaliation and commissioning costs) 720,000 - - - - 720,000 - - - - - - 1,440,000
Ce (energy costs) 327,853 327,853 327,853 327,953 327,853 327,953 344,350 379,646 327,953 327,853 327,853 327,853 6,822,039
Co (operating costs) 7,300 7,300 7,300 7.300 7,300 8,030 8,030 9,716 10,688 14,226 17,213 18,934 200,878
Cm (maintenance and repair costs) 30,000 40,000 120,000 40,000 40,000 30,000 30,000 40,000 30,000 40,000 40,000 120,000 1,080,000
Cs (downtime costs /loss of production) - - - - - - - - - - - - -
Cenv (environmental costs) - - -
Cd {decommissioning/disposal costs) - - - - - 200,000 - - - - - 200,000 400,000
Total 2,045,253 | 375,253 | 455,253 | 375,253 | 375,253 | 655,253 | 382,380 | 429,362 | 366,640 | 382,178 | 385,166 | 666,887 | 11,863,017
e | [ Year | o
LCC (lfe cycle cost) | 1 I 3 I B I = I 3 I 10 11 I 3 I s I Tz I o I b | Total {Baht)
Air Blower 3 Unit
Cic (initial costs/purchase price) 164,400 164,400 328,800
Cin (instalation and commissioning costs) 108,600 - - - - - 108,600 - - - - - 218,200
Ce (energy costs) 27,747 27,747 27,747 27,747 27,747 27,747 27,747 27,747 27,747 27,747 27,747 27,747 554,946
Co (operating costs) 7,300 7,300 7,300 7.300 7,300 7,300 8,030 8,030 8,030 8,030 8,030 8,030 153,300
Cm (maintenance and repair costs) 3,000 3,000 19,500 3,000 3,000 19,500 3,000 3,000 3,000 3,000 3,000 19,500 126,000
Cs (downtime costs /loss of production) - - - - - - - - - - - - -
Cenv (environmental costs) - - -
Cd {decommissioning/disnosal costs) - - - - - 50,000 - - - - - 90,000 180,000
Total 312,047 38,047 54,547 38,047 38,047 | 144,547 | 312,777 38,777 38,777 38,777 38,777 | 145,277 1,562,246
Table 5. Present Value of Cost Saving which calcutd by the Discount RateTechnique
Table 5. Present Value of Cost Saving of the Optimal Energy Management System which calculated by the Discount Rate Technique
- Year .
Cost Saving 1 3 5 7 9 10 1 13 16 17 19 25| 'oral(Bahg
LCC of Prec. Air cond. 2 Unit - LCC of Air Blower 3 Unit | 1,733,205 | 337,205 | 400,705 | 337,205 | 337,205 | 510,705 69,603 | 390,385 | 2,012,108 | 343,401 | 346,388 | 521,610 | 10,300,771
Present Value calculate with Discount Rate (PV) 1,635,099 | 318,118 | 378,024 | 318,118 | 318,118 | 481,797 65,663 | 368,470 | 1,898,215 [ 323,063 [ 326,781 | 492,084 9,717,708

Met Present Value (NFV) in this design concept = 9,388,908 Baht.

Remark: ris the rate of interate = 6%
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g e, Thailand’s Energy Conservation Policy for Industrial Sector
W . . -
$ 5 % Considering Government Incentive Measures
}"’r% Rittirong Intarajinda and Pornrapeepat Bhasaputra
349

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
Rittirong Intarajinda (corresponding author) ie thhD student of [I_OhUthy asseshsed bbetatISt(ljcal band mathe.matl_?:b.llnod,
Electrical Engineering, Department of ElectricaidaComputer € approach can b€ made by comparing Tharands
Engineering, Thammasat University, 99 Moo 18 Klohgang, current average specific energy consumption (SE@) w
Pathumthani 12120, Thailand. E-m&210300140@student.tu.ac.th the best SEC or best practice in foreign countiiesith

Pornrapeepat Bhasaputra is with the Department lettiical the best practice in Thailand. The different vahas set
Engineering, Faculty of Engineering, Thammasat Ersity. 99 Moo

18 Klong Luang, Pathumthani 12120, Thailand. E-mail @S the energy saving target for energy efficiency
bporr@engr.tu.ac.th improvement in respective industrial cluster in thext
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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%.

5.50 —.—20%
5.00 20%
450 ——40%
o 4.00
= 0’
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

6.00 ——20%

£50 ——30%

500 ——a0%

450 ,./ 50%
":"95 4.00 ke B0%
350 . ’“
‘83 300 A —0—70%
l§ 250
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m

150
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2 3 4 5 6 7 g 9 10
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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.
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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/
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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
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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

investment tax-incentive minvestment 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

700
600
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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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