21

2.

Indicators)

(Energy Efficiency)

(Thermodynamic Indicators)

(Physical -

Thermodynamic
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3. (Economic

Thermodynamic Indicators) 2
3 1]

( )

4, (Economic Indicators)
2.1.1 , (Thermodynamic Indicators)

1 2 1
2.11.1 1
1 (Thermal

Efficiency Enthalpic Efficiency)

(Enthalpic Change, AH)

21

"SH 21

aHm

AH

AH 1m

(Useful Output)



1 6%
6 100

94

(Energy Quality)

(Energy : GDP Ratio) 2

15.45%
( .. 1960- . .1987)

20.26% 4.81%

(Quality

Equivalent Methodology QEM) 2.1
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Prix-ttt input

Hvdrodecificwy

Delivered CIAS

(>1, pnxlucts
elUtrcarn gas

( rude oil

rK*lilcn.'<l electnoty

Delivered ga®

Ol ptodtuTS

Delivered gii5

Oil products

Delivered electricity

y
( 2.1)
1
2.

(Resistance Heater)

3.

(Enclosed Burner)

I'rofe*» output

Delivered electricity
Delivered electricity
Delivered electricity
Delivered gav

Ol products

Meal

Heal

Heat

Transport

Transport

Lighting

Ambiant ..
73 MJ

Heat
pump

Enthalpjc efficiency = 333% (b/a) first
Quality adjusted efficiency = 267% first

KtUtlvrrriklrikK)

= 1.0000
0, = D75»4
<0. - U.l8K5
< = 1.0000
<K - l.ooon
S NT76 2
m 12S70
-1
* x 10f25
‘T - 00950
- 1.0000

«

(Heat Pump)

Waste heat
3 M




Resistance
heater

Enthalpic efficiency = 100% (b/a) second

Quality adjusted efficiency = 80% third

Waste heat

21
2 gty
Natural !
gas Enclosed
125 MJ burner

Enthaipic efficiency = 80% (b/a) third

Quality adjusted efficiency = 107% second

21 ()

15
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21.1.2 2

1

(Gibbs Free Energy Change,

AG) q q

2.2

AG - AH - TAS

AG

AH

AS

(Work Potential)

(Energy)
(Available Work)
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2.3

E AHacT,0

E&H( dedl)

2.3

2.3

(Kelvin’'s Formula)

2.4



2.1.2

(Physical - Thermodynamic Indicators)

18



2.1.3 d 4

(Economie - Thermo-dynamic Indicators)

2131
(Energy : GDP

Ratio)

(Exchange Rate Method)
(Purchasing Power

parity of Equivalent GDP)

21.3.2



2.1.33

(GDP

2.1.4.

2.15

National's Energy Consumption)

(Economic Indicator)

20



2.
3.
4,
4
L
2.
3.
D,
6.
(Energy Intensity)
(Divisia Index)
2.2 ' (Divisia Index)

Francois Divisia . . 1925

mi



1

(Continuous Variables)

221

P(t)
Q(t)
/
P, (t)
P =123
q.(r)
' [=123,../
V(t)
1400 = YiP.(Ma.n
vV (r) P(t)0(t)
T(r)
P, (1) a,(r)

0(v)

F(r)

P(t)

22

2.5

2.6



2.5
(Quantity Index)

A

dv () =

2.7

dv ()
V(r)

dv( )/dT
V(T)

dav()

d
dv( )/dT

2.8

«

dP( )/

" (Price Index)
0() P()
2.7
g 1 )dpl( ) + " p I )dgl( )
V()

fq.itdp, () ~n)

L | (r)<7,0)

dp ., (T)dT 2™ ( Hydad )rd
2N (r)l?,(r) YiP'rdSd)
2.5 2.6
QJP(r) 4. dQ( )
d rir
dp( )/ d dQ( )/dT
P() Q(r)

F(r) (Growth Rate Equation)

P()
2.10

din P( )

Zd,(r)
\A 7 A rr\dPKT)AT

dpl( )!dr
Z M/(r) b M

d\np,(r)
Z M'(r) d

JA

2.6

2.7

2.9

2.10

211



2.12

£20f'

2.15

1=
2"pSt)eM)

dQ(t)/c/t

Q(r)

2.16

Y
00,

0(f)

d\nO{T)
dr
o @l
Z M r

cdT

=

' A S AN

P(0)exp '
0 £¢,(r)p.(r)

dInp,(T)dT

P{0)exp
VO < dr

00

dq.(r)

y.pM)
0(0)exp r—lifd_T
0 S a (r)9,(r)

dr

d\nq,(T)

O(O)exp |Z H(I’) dr dr

24

212

2.11

2.13

2.14

2.15

2.16



D

2.17

2.18

(Approximation Method)

(Integral Index)

m
V(0)

exp\LLDUIT,

\oJ

-
exp f
ex I

(Discrete Variable)

J

(Cyclical Movement)

. 2

2.17

2.18



2

2.3

x (Macro - Economic)

(Micro - Economic)

2.4
4 1
(National Income Accounting),
(Flow of Fund Accounting), (Balance of Payment Accounting),
(National Wealth or National Balance Sheet)

(Input - Output Table)

3
1 (UN System of National Accounting)
UNSNA 1953

UNSNA 1968

d9
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2. (USSNA)
UNSNA 1953
3. (Material  Product System)
( )
« )
. . 2493 . . 2518 ) 63
24.1 i
1
3
3
1 (Product Approach)
2. (Expenditure Approach)
3. (Income Approach)
24.1.1 (Product Approach)
1
2
1 (Final Goods and
Service)
2. (Value Added Method)

(Double Counting)



28

(Intermediate  Goods)

500
300 500
300 200
2.2
2.2
4 0 4
6 4 2
20 6 14
30 10 20 =
24.1.2 (Expenditure Approach)
4
1 (Personal

Consumption Expenditure)



(Investment)

2.1

2.2

2.3

Inventories)

(Gross Private Domestic Investment)

(New Construction)

(Producers Durable Equipment)

(Change in Business

2.19



, 30
(Second - Hand Goods)

(Real Assets)

3. (Net Export)

(Open Economy)

(Exports)

(Import)

(Net Exports)

4. (Government Purchase of Goods and Services)

(Final Goods and Services)

(Transfer Payment)

fl

4 2.20

= c+Il+G+ (X- M) 2.20

(X-M)



2.3 ( : )

1 267.2
65.9

80.2

14

GNP 4147
34.3
NNP 360.4
36.8
NI 343.6

24.1.3 (Income Approach)

(Income or Factor Payment

Approach)

2.4

(Purchasing Power)

" (Transfer Payment)

1 (Wages and other

Compensation of Employees)



2.4

(Net

Interest)

Gross National Product (GNP)

Net national Product (NNP)

(NI)

(Rental Income of Persons)

c1Llo )

2414
103
119
39.6
343

133
121 40.4
150
36.3
414.7
343
3804
3.8
3436

3



3

4, (Income of Unincorporated

Enterprises)

5. (Depreciation Charges or Capital Allowance)

(Depreciation)

6. (Corporate Income Taxes)
(Dividends)

(Undistributed Profits) (Corporate Income Taxes)

7. (Indirect Business Tax)

GNP
GNP (Market Prices)
GNP

2.4.2 8



1 (Gross Domestic Product
GDP)
2. (Gross National Product GNP)
1

(Open Economy)

GNP

GNP

GNP GDP

GNP GDP

(Net Factor Income from Abroad)

GNP GDP + 2.21



3. (Net Domestic Product
NDP) (GDP)

(Depreciation or Capital Consumption Allowance)

4, (Net National Product NNP)
(GNP) (Depreciation)
NNP
GNP NNP GNP

5. (National Income NI)

(Income  Earned) NI NNP
(NNP)
(NNP at Market Prices) (NNP)
(NNP at Market Price) (ND

(NNP at Factor Costs)

(Factor Costs)
(Market Price)

(Indirect Business Tax)

NI = NNP - 2.22

NI NNP



R

6. (Personal Income PI)

(NI)

(Corporate Income Tax)

(Undistributed  Profit)

db B
= -( + +
) + +
2.23
P|
7. (Disposable Income DI)
(P1) (Personal Income
Taxes) (Disable Income)
(Purchasing Power)
Dl = Pl - 2.24

8. (Per Capita Income)

(GNP) (N1

(P1)

= 1 2.25



37

‘ d
2.4.3 !
3
2431
1
International Standard Industrial Classification (ISIC)
(GDP) (Net

Factor Income from Abroad)



2.5

\Y
( 1
(GNP) 785
(capital consumption allowance) -67
(NNP) 718
(indirect business taxes) -68
(NT) 650
(social security taxes) -43
(corporate income taxes) -33
(undistributed corporate profit) -23
(transfer payments and interest paid by government) 76
(P1) 627
(personal income taxes) -82
(D1) 575
2432
GDP =c + I+ G+ (X- M)
1
( ) ( )

2.

3. (
) 3 (
)



(X-M)

GNP

244

(X-M)

NNP

2433

2.2

at

NNP NI Pl PI
GDP, NNP, NI, P! DI
GDP, NNP, NI, PI

UNSNA

.2493

12

DI

DI

DI

3



UNSNA 1953

d3 9

1-3

ESCAP

GDP GDE

2.5

2.5

as

2-7

40
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245
(Money  GNP)
(GNP at Current Prices) (GNP at Market Price)
GNP
1 /
) \
J

(Real GDPw GDP at Constant Price)
(Price Index)

(GDP Deflator)

= (GDP IGDP ). 100 2.26

Real GNP = money GNP x 100 2.27

GDP deflator



2.4.6

GNP

NNP

NNP

42



NI

da

247

(Economic Welfare)
1

DI

(Leisure)

43



' ; 44
(Environmental Pollution) ”

, (Social  Costs)

2.4.8
(Gross Domestics Product)

" (Nominal GDP™  Money
GDP  GDP at Current Prices)
GDP
GDP
(Real GDP  GDP in Constant Price  GDP Corrected For Inflation)
2

GDP

3,
(Final Goods and Services)



45

(Double

Counting)

4, (Domestic)

) GDP

(Organized Markets)
GDP GDP
(Flow Variable)
GDP ,
1
249
(Final Product)
(Value
Added)
(Value Added)
(GDP)



2.5

251

2.6

GDP

2545

3.0

5.1
54

46
(Final Product)

(GDP)

. . 2546

1 (GDP) C . 2546
103

R AR
2546

10.0 42 6.6 6.3 6.8

6.3 6.0 6.6 8.0 6.7
6.7 58 6.6 18 6.7

10.3
6.2 .. 2545



47

6.4

40.3

21.5

8.0

3.9

10.6

80.0

111

IPP

62

65

65

436

40.7

71

79

af
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2.1 1
/
2545 2546 0
2545 2546
2 12826 13611 6.5 6.2
6314 671.7 6.2 6.4
() 796.0 878.5 5.3 10.6
6.1 -29.5
(Non-Energy use) ~ 150.8 2187 9.9 45.1
/ (%) 62.0 65.0
(% 54 6.7
@)
/
2) (Non-Energy use)
NGL Condensate LPG Naptha
T Meuenuiwans AT w S dsdd uga e
(%) (M.A. 2541 -5.R. 2546)
25
20
. N A '
, NN b — A AN WA S
Y DN LW YT RV AR Ao
7 Yy v
o
AT
\

717 2.3 ansnsrenesaeanisldnas i aladduganiie

(... %4

. 2546)



346,057

2545 2546
287 346
/ 9
35 43
8 9
4 4
HA2 111
L. 2546
20.2 .. 2545
10
185 1812
.. 2545
2.5.2
.. 2546
96
5
UNOCAL 20
19
. 26
22
23

246
(%) (%)
206 85
286 2
229 10
185 2
1
202 100
411,193
85
42,635
9,330
215
49
2
20
846
19

49



10-31
1-25 .. 2546
2.9
1 Thai Shell
2 Chevron
3 Chevron
4, Chevron
5.
b ) . (BPL )
()

1 s
8. , SINO US Petroleum
9 Pacific Tiger Energy
10 Pacific Tiger Energy
11. Pacific Tiger Energy
12, Unocal

BIG OIL PROJECT

2545

20,591
5,649
35,132
323
661

463

138
803
159
13
2
11,634

75,567

19,127
5,193
49,275
0
841

436

246
133

223
1

20,231

96,322

2546

50

05

0.3
0.8
0.2
0.0
0.0
210 1

100.0



2.10

2540
2541
2542
2543
2544
2545
2546
2543
2544
2545
2546

21463
29,420
34,006
57,937
61,914
15,567
96,322
10.8
6.6
221
215

710
19

35.6

35

(
728,758

679,729
698,896
643,065
678,211
672,730
709,762
8.1
5.2
08
5.9

)
756,221

709,149
132,902
701,002
740,125
148,297
806,084
-4.5
5.4
11
11

17

66

167,460
121,808
741,956
749,629
756,013
827,688
846,091
1.0
0.8
9.5
2.2

. .2546

24)

31

51

19

24,164



2,106

545

2,191

iPP

2.5.3

(COD)

75)

251

617

.. 2546

PP

19

.. 2546
15

26

686

1.9

410

1.2

686

111

52

95

406

2,106
(%

EGCO )
238

.. 2545



275
2.11 ; /
2545
1,986 2,106
1871 2,001
Unocal 266 281
Unocal 298 406
Unocal 228 189
Unocal 114 96
Unocal 3l 19
) Unocal 167 240
PTT E&p 566 545
Chevron 48 56
Chevron 152 169
Chevron 1 0
115 105
Exxon Mobil 59 50
Thai Shell 56 55
* 617 686
418 410
199 275
2,603 2,791

= 1,000 btu/

2546

154
1.6
101
145
6.8
34
0.7
8.6
19.5
2.0
6.1
3.8
18
2.0
24.6
147

9.9
100.0

53



*

2.1? /
2540 1564 1564 1,220 344 1,564
2541 1,698 2 1,700 1,345 355 1,700
2542 1,860 2 1861 1473 388 1,861
2543 1,948 164 2,113 1,606 507 2,113
2544 1,900 496 2,396 2,087 309 2,396
2545 1,986 617 2603 2239 364 2,603
2546 2,106 686 2,191 2414 377 2,191
(%)
2543 92.2 18 100.0 6.0 24.0 100.0
2544 79.3 20.7 1000~ 871 12.9 100.0
2545 76.3 23.1 1000 86.0 14,0 100.0
2546 54 24.6 1000 865 135 100.0
EGAT, EGGO, (IPP), IPP, SPP
ns lanaas s suean limswanlrhla
I.A. - 8.A. 2546
Cthers (IPP) 15%
SPP 18%
RH(IPP) 20%
2.4 (....2541- .. . .2546)

54



254

2.1

134

2.13

- SOLVENT

255

256.1

1,851

(NGL)
.. 2546
.. 2545
(Solvent) 8,368
851
, NGL
254
2545 N
10812 10583  -21
983 851 -134
8430 10219 212
1,851
8430 8368 0.7
.. 2546
5.1
. 2546

8.2

55

0,583
10,29
2
18
/
(%) (%)
1000
18.1
BLY
49 .. 2545
91
88
47
08

17



214

(
1316 1489
532 685
84 803
3024 3305
0.6 12.0
648 134
86.0 1048
69.0  106.5
6544  776.0
.. 2015
3.3
(
60
(

24
104

0.7
3.6

172

132

)

191
148
43
31.0
1S
9.6
134

24.6

105.6

4.2
3.3
48
91

-42.0
-04

43

3.0

5.1

47
0.8
8.2
9.2
26.8
-8.8
16

4.8

49

24

16

4.2

191

56

123

-10.3
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~ -~ % o .
D6 T NTVLIUETTINS | BUN STua 1 T35

1l 2541 - 5.m. 2546

2545

(“2)
30
20

10

; PN S N 0 S
D I A WO Vi

V\_\/

-20
-30

25 (. .. 54- .. .. 2546)

2.5.6.2
1. 2546 9.2
2545 1 331
99 329
2
4 .. 2545
4 13
4 9.1
302
GDP 6.7
.. 2546 143
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& 9% 4 : 0
AASINSULNIA LD INAS THAI LG 111 2 ALEa
12543 - 5.m. 2546

)
200 -
15.0 -
100 v f'\\ 5 ‘/1’\; . ‘/\. A ;; il
il ] DI EA NS A R T NN

] T Vi Y V r \-\/

0.0 \ [ o,

-5.0 ; \ﬁf/"’\l R A;/{ :b;/‘[ \/’ = w i g H g A :T i ; 3 ’ : ;‘.- 3
¥ N /1 ~ W

A

100 W)
17}
]

15,0

200 J

o e
e $UUC TR

7UW 2.6 dmen1srenefaeeIn s TR IUUELLA LA (1A, WA, 2541 — 5.0 W.A. 2546)

2.5.6.3

103
105 16 .. 2545

86 43
() 211

14
16



.. 2546
134

2.15

2545

( Iy 1632

( ) 499
() 15,035
( ») 4

EGAT EGCO KEGCG ~ RH (

2564
2545
SARS
5.2
80
25.6.5

102

(LPG)

3.6

2546

1,624
605
15,407
23

.. 2546

13

.. 2546

( ,1-8

59

() 10
(%)
2545 2546
85 05
228 211
45 25
450 452
0.4
2
88
9
48
107
46



60

6 3
22
.. 2546 3.3 .. 2545
62
84
16
10
48
20 10
8.9
2545 8.4
LPG LPG
LPG
! 13
6.1 12
13
3l
2423



Consumption Growth Rate LPG

1200 4

N
1000 e
80.0 -
P \
60.0 o
/ \
400 /) .‘..

200

S 3 04 G Gl

/ .\‘.
7 '
x
& " R
¥ / 3 . \“ %__/‘\v—v-o-\w
00 },' - - - - - - r
S S ST B RV VS S SRS Y P £

2% TR .5 St S Y1
..

-200 '/

[l

-400 -

I —+-COOKING+INDUSTRY

- AJTOMOBIL 4« TOTAL

310 2.7 Consumption Growth Rate of LPG

2.16 LPG
2543
41
13

12
19

2.5.6 /

.. 2546
. 158
16
4.0

48
14

13
62

2546
(%)
58.9 2.3
17.0 8.9
8.2 -8.4
159 6.1
100.0 3.3

189

84
31
29.4



8.2
14
136
80.0
2.5
/
r 2.5
40.7
79 SPP
2% 58 )
2.5.7
.. 2546
. 24,983
14431 58 IPP 8,000
32 SPP 1,912
640
. 2546 2545
(cCY)
(T1:3) 225
IPp

PP
(SPP) 144

62

179

(FGD)

2.0

2

605



2.11

(SPP)

2545

19,569
15,182
4,387
2,182
690
915
5,599
25,168
19,592
15,035
4,556
5,599
2,352
3,241
25,191

6.4

.. 2545

(Load Factor)

(Reserved Margin)

18,887
15,788
3,099
1,925
537
637
1,876
26,763
17,948
15,407
2,541
1876
2,030
5,846
25,824

31

2546

-3.5
4.0
-294
-30.8
-22.1
-30.7
40.7
6.3
-8.2
2.5
-43.6
40.7
-13.7
80.0
2.5

.. 2546

16,681

73.9

(%)

5l
18,121

(%)
100.0
83.6
164
102
28
34

100.0
85.8
142
100.0
25.8
4.2

118411

49

63



2.18 . 2546
()
(IPP)
(SPP)
2.19
( ) ()

2536 9,839 742
2537 11,064 743
2538 12,268 749
2539 13311 751
2540 14,506 735
2541 14,180 734
2542 13712 761
2543 14,018 752
2544 16,126 735
2545 16,681 76
2546 18,121 739

1 PP EPEC

(COD) L2506
2 SpP (COD)
114

( EGCO KEGCO  IPP  SPP)

2 ,

/ 19,301

14,431
8,000
1,912
640
24,983

1,063

85,720

100

121
136
5.6
8.6
8.3
201
221
22.0
30.9
21.5
31

... 2546

64

16



1,208

()
8.6
(SPP)
()
()

]

3,148

2.8

2546

23.6

2,434

. 2545
(IPP)

350

0.1

65

13



()
()

()

2546 121
. . 2545 7.1
14,381
15,331

2.5.8

(Proved Reserves + Probable Reserves)

585

17

. 2546

5.8

7,984

9.5

12,605

5.6

24,653

30

2.2

50.1
45.2
106,138
7.0
18.7
4.7 . . 2545
12,746
4.6 4.2
6.1
33,872
1,949
0.3
. . 2545
461
2,137
2545
34 109



2.20

2545

7,526

12,186

13,804
1,960

35,476

14,518
11,507
30,923
192
4,563
61,704
5 . 1,943

99,123

221

( )

* Proved Reserves

461
585
24,653

2,137

31

7,984
12,746
14,381
2,045

37,156

15,331
12,605
33,872
228
4,998
67,033
1,949

106,138

2546

. . 2545

2545

27.6

19.6

724.9

19.6

Probable Reserves

6.1
4.6
4.2
4.4

4.7

5.6
9,5
9.5
18.7
9.5
8.6
0.3

7.1

(%)

()
17

30
34

109



2.6

259

2.22

26.1

2536

2537

2538

2539

2540

2541

2542

2543

2544

2545

2546

5,236

. . 2546

78
-732
-1,116
787
235
4,606
4,418
-4,673
-10,351
-4,156

-2,469

. . 2546

2,469

( )
(1,852)
(810)
(384)
1,903
(552)
4371
(187)
(9,091)
(5,678)
6,195

1,687

(Man Made,Fibers)

2.9

44,717
46,969
54,838
58,899
64,768
66,139
65,076
65,026
65,602
67,726

72,962

68

72,962

(Cotton)t

16
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2.11

69



w 17 4

Jil

( Embroidery)

10



(Knitting Process)

1
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a

7UW 2.15 nandnusiiaedingd1sa

2.1
Jin-ping Huang (1993)
(EN

Effect)

Effect) H

Gale A.Boyd et al. (1988)

(Divisia Index)
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