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Potential Sources

Environmental factors
— Economic uncertainty
- Political uncertainty

— Technological uncertainty

—

Organizational factors

— Task demands

— Role demands

— Interpersonal demands

— Organizational structure
- Organizational leadership

- Organization's life stage

3ULUUYBIAMNLATER

Individual _factors
- Family problems

-~ Economic problems

V

Individual differences

— Perception

— Job experience

— Social support

- Bilief in locus
of control

— Hostility

o <
qnﬁﬂsmu
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Consequences

- Headaches
— High blood pressure

— Heart disease

Experienced stress

(731 Robbins S.P. (1991) Organizational Behavior)

Psychological symptoms
- Sleep disturbances
= Depression

— Decrease in job

satisfaction

Behavioral symptoms
- Productivity

- Absenteeism

— Turnover

— Accidents
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1066. WAz 1975 (Schult & Scluettz,
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1. nszanldunwiies (Single -
Glazed Clear Glass)

2. NITAINFNINTOUIOUTUIULAL?
(Single - Glazed Bronze or Gray Tinted

Glass)
3. nszanladasis (Double Glazed
Clear Glass) .
4. n3zandimniedtdootu
(Double - Glazed Bronze or Gray

Tinted Glass)

5. nszanddosduUszAnsniwge
(Double — Glazed High — Performance Tinted
Glass) .

6. n3zandaeRwLUUEa NI
TannueiANauewlAies  (Double -
Glazed High Solar Gain Low — E Glass)

7. nszandasiuuuusanliLaINIH
UwnanausnaIawEwlAiey  (Double -
Glazed Moderate Solar Gain Low — E Glass)

8. N3zaNFasTwLUUEad IR LFILAY
AlNTautwlaes (WuulRandid) [Double
- Glazed Low Solar Gain Low - E Glass

(Spectrally Selective)]

219159UsENMATIAIAINTIHAT NS ﬂmzf‘amnﬁu%am{ amAnmdugsnatndiad : 2. (aluladaumnm

anuumaluladwszaaunaisuyi)

** “Efficient Windows” Oregon University, U.S.A. in (URL) www.efficient windows. org, 1999.
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0. nszanandunuusanlAuay
rautnnansuRINSEwEIRlAuee  (Triple
- Glazed Moderate Solar Gain Low - E
Glass)

10.  nszandINduuuusaNlRiLE
wazAIHTEE B LAvaE (wuuLdan3aR)
[Triple — Glazed Low Solar Gain Low - E

Glass (Spectrally Selective)]
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AinanuNTIAanNnIzan AILEASIBATITIN 1

U-Factor =1.11

SHGC = 0.86
86% of solar hesat
gain transmitted

VT =0.90
80% of visible
light transmitted

U 1 uameRmanURzaInIzanlaUIBAL)
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Aluminum with
Frame Aluminum Wooed Weed Clad Yiny! Insulated Yinyl Fiberglass
Thermal Break or Hybrid
U-Factor 1.25 1.08 0.90 0.90 0.90 0.90
SHGC 0.76 0.70 0.63 0.63 0.63 0.63
YT 0.74 0.69 0.64 0.64 0.64 0.64

manufacturers for NFRC rated U-lactors and SHGCs for products of interest.

Note: The thermal performance properties of specific glazings and frames con vary depending on product design and malerials. The results presented here are averages. Consull specific
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U-Factor = 1.11

SHGC = 0.73
86% of solar heat
gain transmitted

VT =0.88
68% of visible
light transmitied

Aluminum with

Frame Aluminum > — Woud Clad

U-Factor 1.25 1.08 0.90 0.90 0.90 0.90
SHGC 0.65 0.60 0.54 0.54 0.54 0.54
vT 0.56 0.52 0.48 0.48 0.48 0.48

Note: The thermal performance properties of specilic glazings and frames can vary depending on product design and matenals. The results presented here are averages. Consult specific

manufacturers for NFRC rated U-factors and SHGCs for products of inlerest
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U-Factor = 0.49

SHGC = 0.78
76% of solar heat
galn transmitted

. VT =0.81 .
81% of visible
light transmitted

manufacturers for NFRC rated U-factors and SHGCs for products of inlexgs)

1 1
L‘ Ll;‘e

Frame Aluniioum R Eiberzlass

Yinyl
U-Factor 0.79 0.64 0.49 0.49 0.49 0.49 0.44 0.44
SHGC 0.68 0.62 0.56 0.56 0.56 0.56 0.59 0.59
vT 0.67 0.62 0.58 0.58 0.58 0.58 0.62 0.62
Note: The thermal performance properiics of spevific glazings and frames can vary depending on product design and materials, The resulls presenicd here are averages. Consult specific
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U-Factor = 0.49

SHGC = 0.62
62% of solar heat
gain transmitted

VT =0.62
62% of visible
light transmitted

d ae o - & da o4 &
Uil 4 uanspmanURzaInTzandininiauseuddedunidetainiAnasii

NN

. Aluminum with
Aluminum Wood
Thermal Break

Frame

Composilc Insulaied
or Lybrid Yinyl

Eiberglass

U-Factor

0.79

0.64

0.49

0.49

0.49

0.44

0.44

SHGC

0.57

0.52

0.46

0.46

0.46

0.46

0.49

0.49

vT

0.50

0.47

0.44

0.44

0.44

0.44

0.47

0.47

manulaciurers for NFRC rated U-factors and S11GCs for products of igieresl.

Note: The thermal performance propertics of specific glazings and frames can vary depending on product design and materials. The resulls presented here are averages. Consult specific
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U-Factor = 0.49

o aa & a o
UM 5 udmepmanURzaInszandasduwlszAndnInwgs

L

At o
Composile lnsulated

Frame Alumioum Wood Woud Clad Yinyl Eiberglass
or |ybrid Vinsd

U-Factor 0.79 0.49 0.49 0.49 0.49 0.44 0.44

SHGC 0.46 0.37 037 0.37 0.37 038 0.38

yT 0.57 0.53 : 0.49 ; 0.49 0.49 049 0.53 0.53

! :

manufacturers for NFRC rated U-factons and SHGCs for producis of interest.

Notc: The thermal performance properties of specific ghazings and frames can vary depending on product design and materials. The results presented here are averages. Consult specific
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U-Factor = 0.30

6 WHAIAMANUAYDINIZAINHDIAUNLDN IAUFITUNINWEAAITN B WE 1 WED Y
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Yiny!

| 036
1

| om

053

Noie: The thermal petformsnce pruperties of specilic glacings and trames

manulacturers for NFRC raied U-faciors snd SHGCs for produsts of interest

«an wary depending on produc design and matcrials. The results presented here are averages Consull specific

o wa & d Y ' 1 w ' v
19790 6 LLﬂﬂﬂQmﬂNUﬂﬂaﬂﬂimnﬂa\‘lﬂw(lEJﬂNImLﬁﬂN'mu’lﬂLLEIFIT]N'm%N’muE]EJ

AUNSBURUUAINTT



7) nszansastu wuusanlWuserul
natswaANTauuldiae

nszanuuuitandunszan (Low - E
Glass) flARauauuuuneg (Soft Coat
Product) Fwfunssaitassnisiaiaunszan
NARAMT Low — E Glass TASaURILULY
U7 asidunsieingfmanzandnn
Tanntu  Fonszanuuuilezansnsaldli

andil3nau

SUDDHIPARITAD

o)

) o o v
Tuinsauuazizanu1s  (fasaniinisenln

WEHIUUIUNATS  wazAHSEuE N E
Urunanedae ?cﬁwaan'}ﬂ?}’wﬁ’amuﬁa{uaﬂ
AULUUZB98TAT5UAZNT100% WRNTEanwWUL
ﬁé’a?maﬁﬁuﬂ‘szmmwmmﬂ%’aumnn'h
LWABINIANUIT IR BIFEANAITNT DY
Tilutwanndign  douandlugud 7 uas

o
AN 7

U-Factor = 0.26

Aluminum with
Frame Aluminum Winad
Thermal Break

or Hybod Vst

U-Factor 0.61 0.49 0.33

| 033 033 027 027

SHGC 049 0.45 0.40

0.40 0.40 0.42 0.42

vT 0.62 0.58 053

manufscturers for NFRC rated U-facions and SHGC for products of interest

rm. The thermal performance propertiea of specilic glasings 3nd irames can vary depending on groduct design and materials. The results presened here are aversges. Consult ipecatic

! 053 0.53 0.58 | 0.58
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U-Value = 0.25

Camposite
o Hybrid

U-Factor

032

0.32

SHGC

0.30

030 0.31

VT 0.57 0.53

050

i 050 0.50 53

Note: The thermal performance propenies of specific glazings snd frames

mansfacaurers for NFRC nated U-facion and SHGC for products of mrerest,

can vary depending on product design 4nd mar

exiats. The results presented here are averages. Consult specific
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Energy Demand Forecasting in Thailand

"Aumnad Phdungsilp

1. Introduction
Estimates of future energy demand are a critical element of energy planning, at either

the aggregate consumption level or the sectoral level. One of the most important reasons for
making projections of future energy demand is the lead time required for supply projects.
Since a typical baseload electric power plant takes between 5 and 10 years to build,
investment decisions must also be made with a 5 to 10 year lead time. Similarly natural gas
pipelines, LNG projects, and other capital intensive energy supply projects invariably are
predicated upon some estimate of future demand. It is, therefore necessary to properly plan
for meeting the future energy demand of the country, to avoid supply shortages in future. The
goal of this study is to use historic evidence to make a quantitative of future energy demand
in the country. In this study aggregate energy demand, commercial energy and renewable
energy in the term of final energy were forecasted to the year 2010 by sectors using time-
trend analysis, energy-GDP elasticity and econometric method.

The energy consumption in Thailand is usually disaggregated into 4 sectors, namely,
industry; transportation; agriculture; and residential & commercial. In the past 10 years, the
transportation sector has been the largest consumer of energy with a growth rate of 7.1
percent in the final energy consumption. The final energy consumption growth rates for the
rest of the sectors : industry; residential & commercial; and agriculture sectors have been 72,
2.6 and 1.5 percent respectively.

2. Data

There are three types of data : consumption data, macroeconomic activity data and
price data. The data collected are annual time series in each sectors of the country from 1984
through 1998. All the consumption data from the Thailand Energy Situation is published by
the Department of Energy Development and Promotion, Ministry of Science, Technology and
Environment[1]. Income figure of the country from the Office of the National Economic and
Social Development Board[3]. All the price data are from the National Energy Policy Office.

" Lecturer, Faculty of Engineering, Dhurakijpundit University : B.Ind.Tech (Mechanical Engineering), Sripatum University,
Thailand. Post Grad. Cert. (Renewable Energy Systems) United Nation University, Japan at Indian Institute of Technology,
Delhi, India.
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3. Methodology

The methodologies adopted for assessing the eneérgy demand include time — trend
analysis and energy — GDP elasticity. We also tried an alternate approach to the econometric
model. All the approach, both total and sectoral energy demand have been considered which
annual observation data from 1984 to 1998. In this study, aggregate energy demand including
commercial energy and renewable energy were forecast to the year 2010.

3.1 Energy Demand Forecasting Using Trend Analysis

Based on the past fifteen years (1984 — 1998 ) data on the total energy consumption
(TEC) in Thailand the following linear regression relationship of TEC with time ( t ) has been
developed.

TEC(in ktoe) = 12892 +2525.24t ; R’ =96.7821 (1)

With t =1 for 1984

Once again an attempt to undertake a time trend analysis of the sectoral energy
consumption was made and the following regression relations were obtained.

TEC,; = 262574+975.132t ;R’=91.7439 2)
TEC,,, = 3279.85+1177.61t ;R’=95.8885 (3)
TBC, = 139025 +27.1357t  ;R’=38.7848 (4)
TEC = 55959+345379t  ;R’=88.3236 (5)

Res&Com,

The poor value of R’ for agriculture sector is due to large fluctuation in annual
values. Fig.1 shows the above regression relations graphically. It may be noted that the
energy consumption in industry and transportation sectors of Thailand is increasing very
rapidly. The energy consumption in residential & commercial sector is also showing
moderate growth but the energy consumption in the agriculture sector is varying very little.
Table 1 presents the sectoral energy consumption values as obtained using equation (2) — (5).
The total energy consumption values obtained by summing up the sectoral values are
compared with the total as obtained from equation (1).

Table 1. Projected Energy Consumption by Sectoral Using Trend Analysis. (ktoe)

Year Industry Transportation Agriculture Res. & Com. Total
(a) (b) ©) (d)
a+b+c+d Eq.1
2000 19,203 23,299 1,851 11,467 55,820 55,821
2005 24,079 29,187 1,987 13,194 68,447 68,447
2010 28,954 35,075 2,123 14,921 81,073 81,073
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Fig. 1 Time Variation of Energy Consumption in Thailand.

3.2 Energy Demand Forecasting Based on Energy — GDP Elasticity.

The energy — GDP elasticity is defined as the ratio of the percentage change required
in energy consumption to the percentage change in GDP. In other words the energy — GDP
elasticity indicates the required percentage increase in energy consumption for a unit
percentage increase in the GDP. For most of the developing countries with poor infrastructure
the energy — GDP elasticity is greater than I in contrast with the developed countries where
its value is usually less than 1. Thus, in most of the developing countries the growth rates of
energy consumption have to be more than the desired growth rate in GDP. The energy
planning exercise should accordingly be conducted. In the present work an attempt has been
made to estimate the energy — GDP elasticity for the whole economy as well as for four
different sectors. This was done by obtaining a log—log relationship between the total energy
consumption (TEC) and GDP of the following form :

log (TEC) = a+ b log (GDP) (6)

It can be shown that the coefficient in equation (6) is the energy — GDP
elasticity. The energy — GDP elasticity can also be estimated for different sectors. The
energy — GDP elasticity (EGE) can be used for energy demand forecasting. If the
desired GDP growth rate is g, then from the definition of energy — GDP elasticity,
the growth rate in total energy consumption (g,) can be estimated as
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e =g.» * (energy — GDP elasticity)
= gare * EGE )

For a known value of total energy consumption (t=0), (TEC ) for a reference year
the future value of total energy consumption at time t, TEC_ can be estimated from the

equation

TEC, =TEC_ (I +g,.)' (8)

t

This equation (8) can be used to forecast energy demand at different times in future.
The relationship between log (EC/Capita) and log (GDP/Capita) is found as

log (EC/Capita) = -4.36494 + 1.01945 log (GDP/Capita) &)

Therefore the estimated energy — GDP elasticity for Thailand for the period 1984 —
1998 is 1.01945. Three different GDP growth rates of 7%, 5% and 3% have been assumed
for high, medium and low growth scenarios respectively. The energy — GDP elasticity (EGE)
has been assumed to be the same as estimated above. Table 2. presents the energy demand
projection for the three different growth rate scenarios. It may be noted that the projected
energy consumption value 81,073 ktoe for the year 2010 as obtained by time trend analysis in
Table 1. is very close to the value obtained for the medium growth rate scenario of Table 2.

Table 2. Estimated Energy Demand Based on Energy—GDP Elasticity Method (ktoe).

Year High growth rate (7 %) Medium growth rate (5%) | Low growth rate (3%)
2000 52,427 50,453(55,821) 48,512
2005 74,004 64,699(68,447) 56,400
2010 104,460 82,968(81,073) 65,571

* In the parenthesis are the values obtained from time trend analysis (Eq.1)

3.2.1 Sectoral Energy — GDP Elasticity.

A similar attempt has also been made by determining sectoral energy — GDP
elasticity. In this case, the energy — GDP elasticity for four different sectors of the economy
has been estimated based on the sectoral energy consumption data and the contribution of the
respective sectors to GDP.

log (TEC,,) = a+EGE,, log(GDP,) (10)
log (TEC,,.) = a+EGE,_, log(GDP,_) (11)
log (TEC,,) = a+EGE,., log(GDP,.) (12)
log (TEC,,.) = a+EGE, .. log (GDP,..) (13)

For certain values of assumed growth rates for the sectors and the values of
respective  energy — GDP elasticity obtained from equations (10) — (13), the future energy
consumption of each sector can be estimated from the expression.
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'rEChld A=t = TECIIM..H)( I + gTF.(‘.lml.)t 1 (14)
TEC'I‘rmls.l=| = TECTrsms,.l:(] (] + g'l'li(‘,'l'mns‘) (1 5)
TECAgn 4=t = TECAgn..Hl (+ g‘ﬁa{i/\gri.)l . (16)
TEC s =TEC 40l + Zrcrac) (17)
Where
Eiricin = Boppaas, ¥ EGE,, (18)
B trans = Booptam, EGET;W. (19)
Errcapm = Boop.agi * EGEAW (20)
Ercrac, = Boornac, * EGE; &C. (21)

The average GDP growth rate (%) in different sectors for the last 5 year (1994 —
1998) are 4%, 5%, 1.5% and 4.5% for industry, transportation, agriculture and residential &
commercial sector respectively. The GDP growth rates are used for estimation of energy
demand in four different sectors using expressions (18) — (21). The energy — GDP elasticity
for industry, transportation, agriculture and residential & commercial sectors are 0.958854,
1.07831, 0.570456 and 0.620061 respectively. Table 3 shows the projections of energy
consumption in different sectors.

Table 3. Future Projections of Sectoral Energy Consumption Base on Energy-

GDP Elasticity (ktoe).
Year Industry Transportation Agriculture Res. & Com.
2000 15,833 20,944 1,912 10,834
2005 19,111 27,232 1,996 12,432
2010 23,067 35,407 2,082 14,266

3.2 Econometric Method

In the econometric method the model developed determines the total demands for
energy in the industry, transportation, agriculture and residential & commercial sectors. In the
industry sector, the dependent variable is the total energy demand in industry sector. The
independent variables are the GDP produce by industry sector, the average energy price,
percent share of manufacturing sector, and demand lagged one year. The transportation
sector, the total energy demand is a function of GDP in this sector, average energy price,
GDP per capita and a lagged value of demand. Similarly to residential & commercial sector,
the total energy demand is considered as a function of GDP from the sector, average energy
price, number of population and a lagged value of demand. Except for the agriculture sector
the model consists of two equation : an equation for petroleum product and electricity. Both
of the equations are a function of GDP, average energy price, number of the areas for
planting and a lagged value.

All the estimation has been made in the logarithmic form based on the observations
in the past ten years (1989-1998) on final energy consumption in each sector. The estimation
of the model is given in Table 4. All the equations are satisfactory in terms of their
goodness-of-fit (adjusted R’). The lower R’ of the petroleum product is in the equation in
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agriculture sector, relative to the large fluctuation in annual values of this sector. In this
methodology the the foreast of total energy demand of the country is obtained by summing

up the forecasting of each model. The Fig 2. hows the projection of the total energy demand
as obtained by 3 different methods.

Table 4. Estimated Models in each sectors.

Dependent variables
Log EC_, log EC, log EC,, ... | logPP . log EE | .
Constant -27.493 -1.85173 14.7156 6.86516 28.2224
Lag dependent -0.472124 -0.342851 0.172771 0.276161 -0.193393
log GDP,_, 1.64017
log Price 0.1753
log SM 4.22673
log GDP___ 2.11493
logPrice 0.100195
logGDP/Cap. -1.0505
log GDP,_, .. 0.172771
log Price, ... 0.235785
LogPopulation -13.5941
logGDP, 0.17996 0.003856
LogpricePP, . 0.375511
LogpriceEE, 2.14395
logArea. -0.36467 -2.01982
R’ 97.1534 98.8629 96.1576 51.1216 96.2516

Table 5. Projected Energy Demand by Econometric Method. (ktoe).

Year Industry Transportation Agriculture Res. & Com.
2000 19,360 24,479 2,233 11,002
2005 24,394 31,267 2,304 12,389
2010 29,428 38,054 2375 13777
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Fig 2. Total Energy Demand Projection by Different Method.

4. Conclusions and Recommendation

A preliminary attempt to forecast the final energy demand (total as well as sectoral)
for Thailand has been made in the work, using different approaches. The time—trend analysis
forecasts a final energy demand of 81,073 ktoe for the year 2010 which is equal to the
summing up of results from sectoral forecasting. A similar figure for energy consumption for
2010 is arrived using energy — GDP elasticity method for a GDP growth rate of about 5
percent. In the econometric method, the result shows that by the same year, the total energy
demand will reach 83,634 ktoe. Interestingly, the total projected sectoral energy
consumption values base on individual time — trend analysis for each sector matches very
closely with the projected aggregated energy consumption. Also, the total energy demand
values obtained from three different approach are closely.

The present study is a modest attempt towards understanding some issues relating to
the energy demand of the country. Future research could be directed at number of issues, in
particular, to develop econometric models for the individual fuel including renewable energy.
The other suggested research are development of detailed Reference Energy System (RES)
for the country using data on energy extraction, transmission & distribution and utilization, to
prepare various demand — supply balancing, strategies and analysis their investment
implication and to analysis energy — economy — environment interaction. <<
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