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Year
1988
1939
1990
1991
1992
1993
19%
19%
19%
1997

Residential Commercial

6,253.50
7,024.60
8,087.60
915210
10,258.80
11932.70
12,893.80
1462150
16,047.40
17,666.50

A

-2 . Electric Consumption by Sector

8,847.60
10,108.20
11,982.80
1397550
18,049.10
21,448.30
20,116.60
23,026.30
25,182.40
29,20380

Industrial ~ Agriculture

12.951.80
15431.00
17,928.00
19,813.30
20,406.10
2231280
26,920.10
32,859.00
34,645.30
34,541.70

674
89.7
96.2
938
1176
1299
95.7
10238
1244
1654
. 2040

Other
1324
180.3
2476
362.9
4121
395.7
484.2
615.3
7548
852

Unit : Gwh
Total
28.252.7
32,833.80
38,342.20
43,397.60
49,303.70
56,279.40
62,510.40
71,224.90
77,354.30
82,429.40



Year

1988
1989
1990
1991
1992
1993
1994
19%
1996
1997

Year

1988
1989
1990
1991
1992
1993
1994
199
199
1997

Hydro

3,779.00
5,570.80
497550
4,586.50
423850
3,700.10
4513.70
6,712.90
7,340.70
7,199.80
|

Hydro

3,779.00
5570.80
497550
4,586.50
423850
3,700.10
4513.70
6,712.90
7,340.70
7,199.80

Thermal
(Steam)
22,966.80
25,961.30
32,185.60
32,265.40
36,832.20
38,827.40
39,433.80
43,220.50
46,494.50

45,527.90

Gas
Turbine
763.70
786.70
1,982.70

8,303.80
998.90
1,111.10
1,107.50
2,062.20
2,890.30
2,597.70

Combine  Diesel
Cycle

493400 209

507780 103

499720 329

501010 19

1500650 2

1974330 216
2609850 221
2802030 431
3068850 515
37,865.80 605

Others

0.00
0.00
1.10
110
1.30
1.30
1.10
120
1.50
160

National Grid Generation by Energy Sources

Fuel
Oil
3,142.20
4,738.80
10,012.60
12,636.40
14,928.90
17,494.50
19,644.40
21,714.60
20,976.50

19,303.60

Diesel
Oil
23.80
2340
365.40
12550
171.70
751.90
1476.90
2,688.10
4,627.20
2.486.50

Coal &  Natural
Lignte  Gas

6,799.50 18,719.90
7,878.60 19,194.80
11,052.80 17,767.60
13,036.50 19,799.90
14,815.00 22,943.00
13503.80 27,953.20
14,130.9 31,409.70
14,779.60 33,899.50
17507.20 36,748.90
18,924.60 43,179.20

Others

0.00
0.00
110
110
130
130
110
120
150
160

-3 . National Grid Generation by Types of Power Plants

Unit : Gwh
Total

32,464.40
37,406.90
44.175.00
50,185.90
57,098.40
63,404.80
71,176.70
80,060.20
87,467.00
93,253.30

2540

Unit Gwh
Total

32,464.40
37,406.90
44.175.00
50,185.90
57,098.40
63,404.80
71,176.70
80,060.20
87,467.00
93,253.30

2540

116



Estimated Air Polutant Emissions by Types
from Energy Consumption for Power Generation in 1997

Carbon Dioxide

Carbon Monoxide

Nitrogen Oxide

Methane

Sulphur Dioxide

Suspened Particulate Matter

Long Run Marginal Cost

1 Marginal Capacity Cost
Generation
Transmittion

2. Marginal Energy Cost

Unit : Thousand Tons
67,691
20
226
3
1,294
1,288
2540
Economic Term
BKW. B.kWh.
46,866.07 0.744
957330 0.255
Total  56,439.37 0999
0 1,033
Total 56,439.37 2.032
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(House Keeping)

?  (Process Improvement)
2

12

(Major Change Equipment)

2-5



1 43 43 3

KWW «/

12

Air Handing 1Cooling Tower

kW -/ KWW 2

12
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2
?
[
[ Power Factor
[
[
I ? ?
Power Factor
(Kh)
1
(Demand Charge)
15
(30 - 1,999 ) 3
385000 12-24 ?
210 Power Factor Lagging
Power Factor Reactive
15 (Maximum 15 Minutes Kilovar Demand) 63
15 (Maximum 15 Minutes  Kilowatt
Demand) Power Factor (Kvar) 1500
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( Load
Factor) ? (
) ( )
?
12 ?
(Load Factor)
?
(Load Factor) = - [ X100
X
2 ( )
(Peak Demand)
2
(Peak Demand)
: Peak Demand
2
13 ?
4
L
1
2, ? (Demand Charge)
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2. 7?7 Power Factor

2
(Real Power) ( orkw)
(Reactive Power)
(VARorkVAR)
(Apparent Power) (VA or kVA)
Power Factor
Power Factor
Power Factor
Reactive (Synchronous  Machines)
(Power Capacitor) Reactive
( 1000 )
Power Factor
Power Factor

Power Factor



?
/
3
(Demand Charge)
2. (Energy Charge)
3. Power Factor
«
?
]
/ (Heat/Cold Generating Systems)

(Refrigerating Machine) (Cooling Tower)
(Boiler)
(Piping Systems)

(Air Conditioner)
(Cooling Coil) (Heating Coll)

(Air Duct Systems)

127
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]

vated Charcoal F

)

lters

ct

(A
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(Direct Expansion Coil)

(Finned Tubes)

(Condenser)
(Cooling Tower)

(Chilled Water Systems)

(Water Cooled Water Chiller)



AT

EC A

RS

NTGTI,
G 2

X

e

=

*

«

2,

«-

1
f

by

A

2

5

=

Tower)

ing

(Cooll

3
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(Centrifugal Compressor) (Shell and

Tube Condenser) (Shell and Tube Water Cooler)
!

(Condenser Water Pump) !
! !

I ?
(Cooling Tower) ({ !
| | |
! ! !
4-6% 2-3%
2-3 %
(Filling)
! 100 - 5200
KWR ! | !
! ¢ ! ! !
0.26 - 0.34 KWKWR !
[ ! 75-80%
[ ! 3-6%
! 3-6%
[ ! 6-10 %

[ ! 2-3%
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(. ? (Coefficient of Performance : COP)
( )
1
2, (Energy Efficiency Ratio : EER)
BTUr
EER BTU/r
1 Condenser
(Water
Cooled Chiller) Condenser (Cooling Tower)
Condenser 322 388
(Condensing  Temperature) 40.6
3
28.3
1 3 -
5

Condenser 322
0.275 /
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Condenser 306 0205 ' |

283
318
322 1
318
30.6
3-5%

2. (Evaporator)
(Water Cooled Water
Chiller) (Air Cooled Water Chiller)

(Cooling Coll)
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12
(Thermostat) 17 - 28
132
12 10
103
Thermostat Evaporating
Temperature Evaporator
12
0.26 /
10 0.25 /
3, RetumAir  Outside Air
10 %
35
60 % 1.
750
24
186
60 %

(Damper)



?
w2
Closed Cell Foam
2. 7
7
10 %

Heat Exchanger (ATA)

135

(Fresh Air Grille)

(Water Chiller)

72-10
! Stylene Foam
(Condensation)
256 - 26.7
Air To Air
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ATA
ATA

ATA

ATA

ATA
ATA 24
ATA
ATA

L COP  EER
Condenser Evaporator
(Low Condensing Temperature)
(Hight Condensing Temperature)



137

H ?
3 ™M ?
Inverter
?
4
?
5 9?
2
4
(Butterfly Valve) ' (Clobe Valve)  (Gate Valve)
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Equal Friction Loss

VAV System

VAV

24
VAV

(Volume Damper)

(Motorized Actuator) (Pneumatic Actuator)



0 Inlet Guide Vane Control
0 Discharge Damper Control

a Variable Speed Control

Discharge Damper Control

VAV

Inlet Guide Vane Control

50 %

Control Unit

139

Guide Vane

Inverter

Inlet  Guide Vane Control

Discharge Damper Control

Actuator Inverter
?

VAV

Calorie Computer  Enthalpy
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10. 2 ? 2

1 M '

12

41 | ..

13 (Cooling Tower)

14,
(Heat Recovery or Heat Reclaim)

s Y i I S [ N |



14

352 KWR 0

KWR Condenser 442 KWR
Condenser
?
15, ? Thermal Storage Demand
?
(Peak Demand)
Thermal Storage
16. (Reheat)
17. - (Optimum Start-

Stop  Program)
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18. ? Duty Cycling Duty Cycling ] -
2. (Fan Coil Unit)
550 / (Mutti Blade)
Cross Flow 3
(Free Blow) 4

205-26.1
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3
(Cooling Coil)

4 Condenser

b, Condenser
al

10.
Packing Seal !

11

12
13 (Peak Demand)
1 u 1-
2 1-2

Thermal Storage
14,
1100 - 1300 .



30 %

60 - 80 %
50-60 %
35-35%

20 %

144



21

1

«

(Luminous Efficiency)

()
750-1,000

24,000
6,000 - 20,000
7,500 - 20,000

24,000

18,000

(Incandescent Lamp)

(

/
8-20
35-50
45-65
45-70
60-110
10 - 155

)

145



«

2 (Fluorescent Lamp)

(Discharge) Discharge
1 Phosphor
1 ?
38 20
40 120
32
32
(Day Light)
(White) (Warm White)
(Incandescent Light)
2
(Daylight)
(Cool White)
(Warm White)
(White)
(Incandescent Light)
-2

60

2

(Cool White)

( )
5,000 - 7,500

4,000 - 4,300
3,900 - 3,800
3,000
2,100

146



(Compact)

31

32

(Compact Fluorescent Lamp)

47



2
20

13

25

18
24
36
36
18
15
25

60
6
100

42

119
127
135
160
260
320
440

2

2,600
1,750
1,030
450
650
900
1,200
230
400
600
900
1,250
2,000
2,900
2,600
1,030
120
230
430
730
960
1,380

148



4.2

41

149

(Hight Intensity Discharge lamp r HID)

(Hight Press re Merc

(Mercury Fluorescent Lamp)

(Ignitor)

(Hight Pressure Mercury Vapour Lamp)

! (Metal Halide Lamp)

(Hight Pressure Sodium Lamp)



150

(LUX)

100 750
150 1000
150 500
150
300
300 500
500 750
1000
750 1500
1500
, L
1500 150
, , 300
300 500
150 750
500 , , 1000
500 1000
750
1000 200
500 300
, 500
300 ,
200 100
500 150
300
200 500

300



300
500
790
1000

300
200
500

500
30
1000
1500
2000
500
70

300
500
790
500
300

300
200
500

100
300

(LUX)

«

151

300
500
750
1000

200
300
500
750

500
730
730
500

300
500

50
150

100
200

100
150



200
100
500
100
500
300
500
300
150
100

(LUX)

100

200

1000

750

750

3000

70

1000

70

70
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«

(General Lighting)

«

(Localised General Lighting)

(Local Lighting)



«

2
(Indicator)

Y

154



(Reflector)

(Diffuser)

155

«

lin

5%
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(Pay Back Period Analysis)
(Rale Of Return)
1
(Benefit-Cost - Ratio)

(Evaluate of Replacement)



AURLIY KULIUIAKNE



also therms  x 10°

Btu

POWER, HEAT OR ENERGY FLOW RATE

'aBSISISgriili x  0.0002031
X 2931

aBagp&régpl x 07457
A «ion X 3.517

s liH E'iM_Eji X 0.2844

A jail y W>10

fiE £ & E& X 0001163

also tons of

refrigeration x 120000

X
W h £ MM-2 ))((
X
X
X

also: kcal/kg X

kcai/kg X
therms/ionne
SPECIFIC HEAT
| Bl - 1 x
X

2.326
0.002326
37.26
0.03726
0.2321
23.21

4.187

1.8
X 44.64

4.187
67.07

«

kw
k'w

kcal
kcal

A

W sgm M SEEjba i

pH

Btuh  Steam,Ib/h
therms/h

Note; Steam flow rates are given From and At 100°
CALORIFIC VALUE. HEAT CONTENT

W S E
fP P ttw S fe v'gel
fci/l (U timk~z~~

u fvr gl
kilkg MJlk
}‘OJ/tonnej
Btu/lbMIN (OJim
tuflb

x Factor

0.9478
0.009478
3142.0
0.03412
2.27718
0.3725

X X X X X X

4.187
3.968

X X

3412.0
0.03412
1.341
0.2843
3.517
1.595
859.8

> > > W > >< <

970.3
103.1

xX X

0.4299
429.9
0.02684
26.8
4.309
0.04309

1000.0
x 10000

X X X X X X

>

kJ
Btu

]

L I

Btu/h
steam, Ib/h

wi-~ N EMSSi |~ H1A ]

= kjlkg (MJltonne)
= kJL (MJm3)




THERMAL CONDUCTIVITY

M ix 01442 IS % 6o Ba ;. %]
X 0.1761
S - x 317.0
COMBUSTION INTENSITY, HEAT L
B R x 0.0103 -fiwamd 50 X 96.62
DENSITY, CONCENTRATION. HUMIDITY
X N T S T R AL L I
MNP X 0.00978 $ X 102 = 3M. N
X 000288 - X 4370 = raim/ft*
6 X 0000149 ¥ X 7000
also: kg/l x 10000 = kg/m3

kg/l kg/d m3 = rélqtive density (to water at 4°C) specific gravity (water at 4 C)
Density relative to air at 15°c” 1 atmosphere x 1.22ikg/m3

PRESSURE
0.06895 = X 1450 -
% 6.895 geeeeste I X 0.1450 1
. 68.95 x 001450 AAAANAD
psi x 7031 = Y x 0001422
la Hg x 3386 = x 00293 ANINAANANANNAN.
E ooy 2491 SN X 04015 -
Standard Atmospheres (atm) x 1013 - bar Standard Atmospheres gatm) x 1470 =
in Hg x 04912 =i mmHg x 133 mbar
in HO x 003612 * i mm HO x 9807 = mbar
torr = mm Hg bar = 10000 = mbar
kN/ra2 = kPa bar = 1000 = kPa
Notes:

b) mm Hg,  Hg, mm H%O and in HjO are as conventionally measured.
¢) the suffixes-a and -g refer to absolute and gauge pressures respectively.

%auge pressure plus atmospheric pressure (in the same units) = absolute pressure,
(b) Hg and HjO refer to Mercury and Water respectively.

a? Ib/m2 is abbreviated above to psi



160

0.06480

x
1 x 283 0: 2%
| x 4536 0.002205
x 04536 2205
x 1016 0.9842
also: Ib x 70000 grains kg X 10000 s
ton x  2240.0 1b tonne X 1000.0 = kg
LENGTH
X 2540 X 003937
fogt s X 03048 onher X 3281
X 1609 X 0624 b
AREA
. X 652 = 0.001550
jolpglInl x 00006452 = ' 1550.0
WEEEE~ER X 0.09290 = 10.76
Weeses K 08361 1 1.96
X 43560.0 = ft2 ~ hectares (hal)  x 10000.0

4546 X 0.2200
0.004546 X 2200
28.32 x 0.03531
0.02832 x 3531
0.7646 x 1308 .
6.229 gal (imp [3 x 10000 litres
0.8327 gal (imp) . .bagLell X 159.0 litres
cgal X 3.785 = litres dm% litres
FLOW RATE
e i A x 0.0004719 2119.0
4 x 0.4719 2.119
x 0.2728 3.666
X 0.07577 13.20

also: 1/s = dm3fs
Note: (i) All the factors have been rounded to four _sifqnificant figures for ease of use.
if) When referring to temperature changes or differences as in Specific Heat efc.

'F may be replaced by 'R
C may be replaced by k



( 1

Vi 6

6.1 69
10,000
10,000

6.2 12-24
300
300

6.3 12

10
10

69
14,800.00

12-24
495.00

12

18.70

2534 )

14,800.00

148

495.00

165

18.70

187
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Preseat
Worth
Factor

SCAF  SPWF

Amount
Factor

12 %
o 4
«
Capital
REcbUery
Factor
CRF

Fuad
Factor

oniifloniuv
SFF
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Compound  Present
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Present
Worth
Factor

SPWF

Factor
SCAF

Compound
Amount

20 %
Cagital
Recovery
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