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No.

(kL/ KW/ ) (RW/ )
10,500kWh/ 2,200
5,250KWh/ 1,100
6,800kWh/ 1,429
CR-3 216, 000kWh/ 45,792
62,440kWh/ 13,112
1 18,660m3N/ 9,146
3,120m3N/ 1,529
972, 740m3N/ 476,642
45,270m3N/ 22,180
10 259,000m3N/ 126,910
10
) 1,298, 790m3N/ 636, 407RM/
) 300,990kih/ 63,810RW/
() 1,448.0 kL/
~ (A/B)x 100 5.3

(

)




( C+D) B 26,879 kL

C 4,948 kL ( E 19,480 kWh)x 0.254
D 21,948 kL ( )
(©) 7,450t/y 14,000,000m®
kL ton
20 kL

F 300,000, 000RM
F = 140,000 ton

(G) RM4,130,000.- 1.4  (G+ Fx 100)
(H) RM12,420,000.- 4.1 (H+ Fx 100)
=+ ) 64.9 KWh/Mil. RM
0+ ) 73.1 KL/Mil. RM

- (E+ F) 0.139  KWh/ton
- (0+ F)  0.157 KL/ton

1) 2005
2) 360 24 8,640 /
/
/
3)
0.49 RM/m3N
0.212 RW/KWh
4)

38,728 kJ/L (9,250 kcal/L)
1.001 L/m3S = 1.056 L/m3N
2,350kcal/kih + 9,250kcal/L = 0.254 L/KWh

2,350kcal/kwh 36.60%
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kL, kWh,RM

(€D) 25
30-34 2 10,500kWh/y
25-27 20%
1 2,200RM/y
52,500kWh/y
22-23 2
10,500kWh/y
5,250kWh/y
10%
3kWh 5,250kWh/y 1,100RM/y
(VAV )
10
250
52,500kWh/y
1 No.1 33 No.1
31
2.8% 60kW*0.9=54kW
No.1 No.2
3.5 4,500h/y
33 243,000kWh/y
No.2 4
6,800kWh/y
16.5 1,429RM/y
No.3
2)
CR- -
+
1
2.5%




kL, kWh,RM
1) DNo.1 CR-3
27 3
31
2)No.1 No.1 2)CR-2
33
3 25kW
27 100%
930t/h | 8640h/y
=25*8640
3)CR-3 3 =216,000kWh/y
3)No.4 No.2
930t/h 45,792RM/y
27 32
29.7
4
4)CR-2
4 157kw
3.3-4.4 3 132kw
25kW
930t/h
670t/h
4
50%
46%
5)CR-3
35
2.5-3.6
4
50%
58.9% 66.4%
930t/h
800t/h




kL, kWh,RM

50%

0.07Mpa

)
0.04

0.03Mpa

2.4%
2)
0.05Mpa
0.58Mpa
0.05Mpa

4.1%
3

4)

111 2KW
8640h/y

960, 727Kih/y
1)

23,060KWh/y

4,842RN/y
2)

39,380KWh/y

8,272R\/y




kL, kWh,RM

5
1.06 1.1 co
1.2 1%
447ppm  CO 1.1 1.2
1- 1% 103.7*0.01*6,000*
3% 3 set
=18,666m3N/y
co 18,666*0.49
1.1 =9,146RW/y
91.6%
89.9%
72-84
3
14,000kJ/h
50mm 3,120m3S/y
47 1,529RMW/y
4,670kJ/h 3
170
14,000kJ/h




kL, kWh,RM

1) 1) 7t/h
240-273 7t/h 15t/h | 15t/h
240 164
3.5%
63% 7t/h  52,380RM/y
522,840m3N/y 15t/h:112, 240RM/y
2)31.8t/h 7t/h:
128, 330RM/set
84 100 15t/h:
240 283, 330RM/set
165
3.3% 94.5% 7t/h: 2.5
63% 15t/h: 1.6
449,900m3N/y
2)31.8t/h
3)
4.5%
RM220,450/y
RM308,000/set
924
1.4
182.7M3/h
45,270m3S/y
50mm 22, 180RM/y
45 50
182.7M3/h
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kL, kWh,RM

D

383kg/h
(3,309, 000kg/y) 259,000m3S/y
31 2)
13 :8,640n/y 126,910RM/y
210kg/h
173kg/h
383kg/h
KL, KWh, RM
23 30KW CR-3
@75k 1 46%
46%
50%
KL, KWh,RM

2005
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Example of sun shade mat: ECO-MAT
Power consumption of air-conditioner is saved by 10%.

Picture of air-conditioner
with ECO-MAT

Comparison of consumed power of air-conditioner
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Source: http://www14.plala.or.jp/ecomat/product/index.html
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930m3/
+
CR Fig. 2-1
34.7 36.2 31.4 31.8
3.3 4.4 4 1 2
1 50%
CR Fig. 2-2 6
34.6 35.2 30.3 32.7
2.5 4.3 CR 4 2
50%
CR Section 400 CR
CR— Section
403 Section 400
Section 400 Fig. 2-3
+ 116
45 46
Section 403 Fig. 2-4
+ Section 400
2 47
Section 400
CR CR—
1 2.5
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1 2.5

Fig.2-5 30 18
14kg/cm2 12 110kg/h  428kg/h-318kg/h
1
2.5
CR CR—
ABSOLUTE PRESSURE & mm Mg
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Fig.2-5 Relationship between cooling water temperature and steam
consumption of booster

Source: “The new oil and fat technology”, Mr. E. Bornardini, Publishing house “Technologie”, Rome
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Fig. 2-1 Flow-sheet and flow-rate of Cooling Tower (CR-11)

4

100 (Splitting plant:

)
300 (Glycerine Water Evap. :Cooling of No3 Evap. Vapor.)
400 (Glycerine Distl.:Cooling of Condensate,Ref Product)

500 (Fractionation: Cooling of Stripping )
504 (Fractionation: )
600 (Fractionation: )
(2) 8/19 Result of Measuring
1) Motor current of fan
504-1 | 504-2 | 504-3 |504-4 |504-5 |504-6 |504-7 |504-8
Rated current (A) 15.3
Actual current (A) 12 12 10 12 136 11 11 13
Load factor (%) 784 784 65.4 784 88.9 720 720 85.0
2) Motor current of feed pump
504G80.1 504G80.2 504G80.3 504G80.4
Rated current (A) 133 133 133 133
Actual current (A) 106 Standby 994 56 (?)
Load factor (%) 79.7 745 42.1

3) Flow rate of cooling water (Total ,19 August)
Rated=930m3/h, Actual=664 (Inlet ling), 678 (Outlet line) Av.6717?
Load factor=Actual / Rated = 72%7?, (can not measure on 22 August)

4) Temperature of water
Wet bulb temp. Outlet line Inlet line Water in tower
27 31.4~31.8 34.7~36.2 31.4~32.5
Deference 4.4-4.8degC 3.3-4.4degC




Fig. 2-2 Flow-sheet and flow-rate of Cooling tower CR-I11

he

v

v

v

Rated Inlet Temp=33

103 Splitting : E3=143m3/h, E4=12m3/h, E8=10m3/h
, Rated Outlet Temp.=38
303 (Glycerine Water Evap.: E1=105m3/h, E5=12m3/h)

403 (Glycerine Distillation: E5=8m3/h, E8=6m3/h,

E12/A=155m3/h, E12/B=22m3/h)

E14=78m3/h, E19=183m3/h)

503 (Fractional Distillation: E15=20m3/h, E16=180m3/h,

1) Motor current of fan

503- 503-2 503-3 503-4 503-5 503-6
Rated current (A) 15.3
Actual current (A) 10 13 11 10 12 10
Load factor (%) 65.4 85.0 72 65.4 784 65.4

2) Motor current of water feed pump

503G30 503G31 503G32 503G33
Rated current (A) 97 97 97 97
Actua current (A) 64.1 575 72 775
Load factor (%) 66.1 59.3 745 79.9
Valve opening 50% 50% 100% 100%

3) Flow rate of cooling water (Total ,19 August)
Rated flow-rate=934m3/h, Actual flow-rate=cannot measure (Pipe diameter istoo large)

4) Temperature of Water degC

Measuring Wet Bulb Temp. Outlet Line Inlet Line Water temp. in Tower
date

19 August 27 34.5~35.8 37.2~39.4 32.5~34.9

Difference 75~85 2.7~3.6 (5.5~7.9 against WB)
22 August 27 30.3-32.7 34.6~35.2 29.8-33.8

Difference 3.3-5.7 25~4.3 (2.8~6.8 against WB)
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Fig. 2-3 Flow-sheet and operation data of Section 400 Vacuum System

26 kg/h

11 bar 920 kg/h
> , —>

98.1

11 bar 48 kg/h

+ \/ \ 4
A [ ] [ ]
4 | 4 |
' No.l ; No.2 !
— | i ! E
400D5 ! b oowa 2: v
Distillation '
Column CwW CwW CW3s.4
32-33.5 34.4-3545
v v
400D3 455 46.1
Post Distillation
Steam Consumption (Booster Ejector)
Designed Vdue: 994kg/h
Actua Value: 1,150 kg/h (116% against Designed Vaue)
Water Temperature of Surface Condenser (No.1)
Designed: Inlet 32 deg C Outlet 36 deg C
Actud :Inlet32 33 5degC Outlet 34.4~35deg C

Water FHow Rate in Surface Condenser (No.1)
Designed: 196 m3/h
Actud : cannot measure



Fig. 2-4 Flow-sheet and operation data of Section 403 Vacuum System

Dryer

11bar 790kg/h
Y 4 bar
84.2 f
403551
56 65.5
1bar > v v
Ehr (=) |
| H : — =
— 1403E12A[ ! | 403E12B !
Distillation i | ! |
Column 1 : | : |
1 1 ' ]
[ ] | v CWwW 359 M
CW 36.7 CW 45 CW37.2
\: v v
{ 415 51.3

Post Distillation
403E10

Steam Consumption ( Booster Ejector)
Designed Vdue: 1,180 kg/h
Actuad Vaue: ----

Temperature of Surface Condenser (E12A)
Designed Vdue: inlet 33 deg C outlet 38deg C
Actua Vdue: inlet35 36.7degC outlet 39.3 45degC

Water Flow Rate of Surface Condenser (E12A,12B)
Designed Vdue: 155 m3/h E12A
22m3/h E12B
Actua Value: can not measure
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3

Cooling tower No. 1

Factory name: Company A

Each * mark indicates a measured value

Date of measurement: 2005/8/22

No. Item Unit Data 1 Data 2 Data 3
1 Measuring time 10:29 15:00
2 Type
3 User Chiller 1
4 Rated capacity m3/h
*15 Inlet air temperature (Dry bulb) degC 31
*16 Inlet air temperature (Wet bulb) degC 26.5
*17 Inlet water temperature degC 365
*18 Outlet water temperature degC 27.0 33.0
9 Chiller operation stop
*110 Make-up water temperature degC
11 Pump motor: Rated power kw 15
12 Pump motor rated current A
*113 Pump motor current (Measured) A 24.6/26.8
14 Pump motor power load factor %
* 115 Opening ratio of pump outlet valve % 100
20 No.1 Chiller
21 Type Turbo
22 User Fraker 1
23 Inlet water temperature degC 33.0
24 Outlet water temperature degC 36.5
* 125 Water flow-rate m3/h 134.2
* |26 Chilled water temperature degC 10.9
27 Operation condition On load
Coolong tower
Fan
N P Chilling unit
Chilled water
Cond Evapo
Air temperature (DB, WB) :- - : ensor| | E;osrggr B rateri —

[——P—————————

—” H—

Water temperature

-t __P_U”m.._.:

Water temperature

T

Expa

nsion
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Cooling tower No. 4

Factory name: Company A

Each * mark indicates a measured value

Date of measurement: 2005/8/19

No. | Item Unit Data 1 Data 2 Data 3 Data 4
1 Measuring time 10:35 10:35 10:35 15:14
2 Type
3 User Chiller 2 & hydrogebnation
4 Rated capacity m3/h
5 Inlet air temperature (Dry bulb) degC 31
6 Inlet air temperature (Wet bulb) degC 26.7
7 Inlet water temperature degC 26.7 320
8 Outlet water temperature degC 26.7 29.7
9 Chiller operation stop
10 | Motor No. 1 2 3
11 | Pump motor: Rated power kw 30 30 30
12 | Pump motor rated current A stop
13 | Pump motor current (Measured) A 54.8 59.4
14 | Pump motor power load factor %
15 | Pump discharge pressure Mpa 0.4 0.5
16 user Chiller 2 ;igi/(()jrr]ogen
Cooling tower specifications Manufacturer: .Nippon Spindle co., Model: GTA
17 450UN, Capacity: 1546 USGPM
18 | Fan impeller material
19 | Fan motor: rated power kW 55
20 | No.2 Chiller
21 | Type Turbo
22 | User Fraker 2
23 | Rated capacity
24 | Inlet water temperature degC 29.7
25 | Outlet water temperature degC 32.0
26 | Water flow-rate m3/h 3.0
27 | Chilled water temperature degC 16,5
28 | Return chilled water temperature | degC
29 | Chilled water flow-rate m3/h
On load:
30 | Operation condition Stop 2-com-
pressor

20




[——P—————————

Coolong tower
Fan

Air temperature (DB, WB) I
> - |

N I P_U”P,.;_.:

Water temperature

Chilling unit
Chilled water
Cond Evapo
ensorl €™ [Yrater [
ressor
Expa
nsion
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Cooling tower No. CR-2

Factory name:

Company A

Each * mark indicates a measured value

Date of measurement: 2005/8/19

No. | Item Unit Data 1 Data?2 | Data3 | Data4
1 | Measuring time 14:54
2 | User 100, 300, 400, 500, 600, 504
3 | Rated capacity m3/h 1100
*14 | Inlet air temperature (Dry bulb) degC 32
*15 | Inlet air temperature (Wet bulb) degC 27
6 | Humidity % RH 60
- degC 364/ 364/ 369/ 36.37/
7 Inlet water temperature 36.4 36.6 37.2 36.3
* 18 | Outlet water temperature degC 325/ 314
*19 | Water flow-rate m3/h Inlet 664.4 Outlet 678.5
10 | Water speed m/s 2.07 2.03
11 | Water flow-rate (Calculated) m3/h 698.1
12 | Measuring time 15:09 15:26
*| 13 | Make-up water temperature degC
14 | Make-up water flow-rate (reading) m3 4657.0 4680.5
* |15 | Make-up water flow-rate m3/h 829
16 | Motor No. 1 2 3 4
17 | Pump motor: Rated power kw 75 75 75 75
* |18 | Pump motor rated current A 133 133 133 133
19 | Pump motor current (Measured) A 106 0 994 58.0
20 | Power consumption (Calculated) kW 61 0 57 33
* 121 | Pump motor power load factor % 79.7 747 436
* | 22 | Opening ratio of pump outlet valve % 100 100 50
23 | Fan impeller material FRP
Fan
Inlet_ - Jd--——__
Water temperatur
Flow-rate
Make-up o, _ Air temperature (DB, WB)

Water temperatdi

—

Flow-rate

. __PEWL,

Water temperature
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Cooling tower CR-2: Pump performance curve

60.0
50.0
1st
| 2nd
g 400 ard
9 3rd-r
£ 300 . Head
g o / N ——R-design
& . . - - - -R-measure
200 = Y
L N\  — (3rd)
B N - — (2nd)
100 B~
0.0
VO O O @ O 8 & & 8 © & & &©® &
S S S S S S N MR IS S SSRGS
Flow rate (m3/h)
A
1 50% B
50% 30% 60%
1 C
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Cooling tower No. CR-3

Factory name:

Company A

Each * mark indicates a measured value

Date of measurement: 2005/8/19

No. | Item Unit Data 1 Data2 | Data3 | Data4
1 | Measuring time 16:05
2 | Type
3 | User 103 (2C), 303 (2C), 403 (4C), 503 (4C)
4 | Rated capacity m3/h 950
* 15 | Inlet air temperature (Dry bulb) degC 33
*16 | Inlet air temperature (Wet bulb) degC 27
*17 Inlet water temperature degC 37.2
*18 | Outlet water temperature degC 345
*19 | Water flow-rate m3/h
10 | Pump Specifications (volume, head)
11 | Motor No. 1 2 3 4.0
12 | Pump motor: Rated power kw 55 55 55 55
13 | Pump motor rated current A 97 97 97 97
* 114 | Pump motor current (Measured) A 64.4 57.1 72 775
15 | Power consumption (Calculated) kW 370 32.8 427 44.6
16 | Pump motor power load factor % 66.4 58.9 74.2 79.9
* 117 | Opening ratio of pump outlet valve % 50 50 100 100
18 | Fan impeller material FRP
Fan
Inlet_ - Jd-_-_____
Water temperature
Flow-rate
Make-up o _ Air temperature (DB, WB)
Water temperatu Y —
Flow-rate 1l____ Pirrm_’
w_ @

Water temperature
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450
400

350 b /

Cooling tower CR-3: Pump performance curve

25kW

25kW x 8640h/y
216,000 x 0.212

216,000kWh/y
45,792 RM/y

5—1 R B - L 1st
__ 300 — — 2nd
= \ . 3rd
— 250 . ——— 4th
3 20.0 s '/ \ —— S-Head
w " .
T o \ —— R-design
R
15.0 = \ - - - - R-measure
10.0 = _— (3rd)
| S (2nd)
(4th)
NI A I I I S I I N S A S A S NI
R R R R R SR
Flow-rate (m3/h)
A
50% B
50% 30% 60%
1
3 A
4 157kW 3 132kw
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Air compressor and compressed air line

Factory name: Company A
Each * mark indicates a measured value

Date of measurement: 2005/8/22

No. Unit Compressor
No.1 No.2 No.3
1 Measuring time 9:25
2 Specifications
3 Motor power
4 Rated capacity m3/min
*|5 suction air temperature degC 32 32 32
*16 Discharge air pressure Mpa 0.69 0.70 0.75
7 Discharge air temperature degC 78 88
*18 Motor current on load A 50 60 72
*19 Motor current or power at no-load | A, kW
* 110 | Full load time min
* |11 | No-load time min
12 | Dryer input air pressure Mpa 0.67
13 | Air receiver pressure Mpa 0.62 0.64
14 | Header pressure Mpa 0.63
15 | User
* | 16 | Air pressure at 502/503 C/V 3 bar
* | 17 | Air pressure at section 802 C/V & blow
* | 18 | Air pressure at 504 CIV
* | 19 | Air pressure at CR I CIV
* | 20 | Air pressure at CR I c/V
21 | Air pressure at CR 2 Blow 4-5 bar
22 | Air pressureat CR 1 Packer 3 bar
23 | Air pressure at CR IV C/V & blow
Note: C/V = Control valve
0.7 Mpa 0.63 Mpa 0.63 Mpa 0.3 Mpa
@E)JEI [Pressure] [Pressure| [Pressure]
Suction air
. Dryer Air | Header
Air _ > |receiver __|Packer
Motor]__|Compressor No.l

_|Packer
No.2

_Main plant C/V|
Blow
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1.06
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89.9%

Fuel

|Consum§tion |

Air

60bar
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CO
4.5%
Steam
generation
Temperature,
Oxygen %
Sampling nozzle

High pressure

X Exhaust gas

Boiler

Surface
ltemperature]|

Feed water

lvolume, temperagture

Co

447ppm

1.2
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Boiler efficiencies according to the heat loss method

Factory name: Company A
Boiler No. High pressure boiler

Each * mark indicates a measured value

Date

of measurement: 2005/8/19

No Item Unit DATA Remarks
Measuring time min 32
1 Rated capacity t/h 2.0 Specification
2 Boiler load factor %
3 Feed water temperature degC 72.0
4 Specific gravity of water kg/L 1.0
6 Amount of feed water L/h 1716
7 Amount of feed water kg/h 1716
9 Enthalpy of feed water kJ/kg 301
10 Drum steam pressure M Pa 5.87
11 Enthalpy of steam kJ/kg 2,785 | Steam table
12 Fuel gas temperature degC 32
13 Fuel gas pressure in gage kPa 0.29
14 Amount of fuel gas m3S/h 109.4
16 Amount of fuel gas m3N/h 103.7
17 Lower calorific value of fuel gas kJ/m3S 38,750
18 Lower calorific value of fuel gas kJ/m3N 40,879
19 Exhaust gas temperature degC 273.3 | Atthe outlet of boiler
20 Oxygen concentration of exhaust gas % 1.20 Min. 0.3% - Max. 2.5%
21 CO concentration of exhaust gas ppm 195.0 | Max. 447ppm
22 Excess air ratio 1.06
23 Outside air temperature degC 32.0
24 Exhaust gas loss kJ/m3N 4,005 | [28]*[29]*([19]-[23])
25 Theoretical air volume m3N/m3N 104 1.09*[18]/1000-0.25
26 Actual air volume m3N/m3N 11.0
27 Specific heat of combustion air kJ/m3NC 1.382
28 Theoretical dry exhaust gas volume m3N/m3N 114 1.14*[18]/1000+0.25
29 Actual dry exhaust gas volume m3N/m3N 12.0
30 Specific heat of exhaust gas kJ/m3NC 14
31 Blow loss 0
33 Surface temperature deg C 43.0
34 Surface area (2.22m dia*3.6mL) m2 328
35 Radiation loss from surface kJ/m3N 64.7
36 Convection loss from surface kJ/m3N 425
37 Dissipation loss from surface kJ/m3N 107.2
Boiler efficiency (Indirect method) % 89.9
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Calculation sheet of economizer of High pressure boiler

No. (item Unit DATA Remarks
1 [Rated capacity t/h 2.0 Specification
2 |Boiler load factor % 86
3 [Drum steam pressure M Pa 5.87
4 |Feed water temperature deg C 72.0
5 |Feed water temperature (Outlet of economizer) | deg C 100.0
6 [Specific gravity of water kg/L 1.0
7 |Amount of feed water kg/H 1720.0 [F2000*0.86
8 |Amount of feed water kg/m3N 15.7
9 [Enthalpy of feed water kJ/kg 301.4
10 [Fuel gas temperature deg C 32.0
11 [Fuel gas pressure in gage kPa 290.0
12 |JAmount of fuel gas m3S/h 109.4 ©453.7*3.6
13 |JAmount of fuel gas m3N/h 103.7
14 |Lower calorific value of fuel gas kJ/m3S 38.75
15 |Lower calorific value of fuel gas kJ/m3N 40.88
16 [Exhaust gas temperature (outlet of boiler) deg C 273.3
17 [Exhaust gas temperature (outlet of economizer) deg C 174.2
18 |Oxygen concentration of exhaust gas % 3.50 [Change 1.2 to 35
19 [Excess air ratio 1.2
20 [Outside air temperature (intake temperature) deg C 32.0
21 [combustion air temperature (at burner) deg C
22 [Exhaust gas loss kJ/m3N 2645  |[e32*e33*(e37-e23)
23 [Exhaust gas loss without economizer kJ/m3N 4438
24 [Theoretical air volume m3N/m3N 1039  [1.09*HL/1000-0.25
25 |Actual air volume m3N/m3N | 12.47
26 |Specific heat of combustion air kJ/m3N-C| 1.30
27 [Theoretical dry exhaust gas volume m3N/m3N 1138 [1.14*HL/1000+0.25
28 |Actual dry exhaust gas volume m3N/m3N 13.5
29 [Specific heat of exhaust gas kJ/m3N-C| 1.382
30 [Economizer balance
31 |Water side 1842.8
32 [Exhaust gas side 1842.8
33 [Exhaust gas temperature (outlet of economizer) deg C 174.2
34 Blow loss 0
35 [Radiation loss
36 [Surface temperature deg C 430
37 |Surface area (2.22m dia*3.6mL) m2 32.8
38 [Radiation loss from surface kJ/m3N 60.0
39 |Convection loss from surface kJ/m3N 394
40 |Dissipation loss from surface kJ/m3N 994
41 Boiler efficiency with economizer % 93.3
42 Boiler efficiency without economizer % 88.8
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No.5 240 84

91.6% 1.
Co 5ppm CO
(60} 1.2-1.3
ton/h ton/h
3.5%
31.8ton/h 3%
Pre-heated air
| Exhaust gas
Steam Temperature,
generation % Oxygen %
\Samp“ng nozzle
Air v Surface
| [temperature]|
Air
Fuel
[consumption

Feed water  Blow-out water
VOlume, temperature
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Boiler efficiencies according to the heat input/output method

Factory name: Company A
Boiler No. Middle pressure No.5
Each * mark indicates a measured value

Date of measurement: 2005/8/19

No. ltem Unit DATA Remarks
1 Measuring time min 32
2 Rated capacity t/h 15.0 | Specification
3 Boiler load factor % 58.0
4 Feed water temperature deg C 84.0
5 Drum steam pressure M Pa 1.52
6 Enthalpy of steam kJ/kg 2792 | Steam table
7 Fuel gas temperature deg C 34
8 Fuel gas pressure in gage kPa 0.29
9 Amount of fuel gas (Reading of meter) m3/h 214
10 Amount of fuel gas m3S/h 771.4
11 Amount of fuel gas m3N/h 731.3
12 Lower calorific value of fuel gas kJ/m3S 38,750
13 Lower calorific value of fuel gas kJ/m3N 40,879
14 Exhaust gas temperature deg C 240.0 | Atthe outlet of boiler
15 Oxygen concentration of exhaust gas % 1.90 | Min. 1.6% - Max. 2.5%
16 CO concentration of exhaust gas ppm 1.3 Max. 5ppm
17 Excess air ratio 1.10
18 Outside air temperature deg C 325
19 Exhaust gas loss kJ/m3N 3,560 | [23]*[24]*([14]-[18])
20 Theoretical air volume m3N/m3N 10.4 | 1.09*HL/1000-0.25
21 Actual air volume mM3N/m3N 11.43
22 Specific heat of combustion air kJ/m3N-C 1.30
23 Theoretical dry exhaust gas volume m3N/m3N 11.38 | 1.14*HL/1000+0.25
24 Actual dry exhaust gas volume m3N/m3N 12.41
25 Specific heat of exhaust gas kJ/m3N-C 1.382
26 Blow loss 0
27 Surface temperature deg C 49.2
28 Surface area (3.3m dia * 5.8mL) m2 68.7
29 Radiation loss from surface kJ/m3N 30.1
30 Convection loss from surface kJ/m3N 21.2
31 Dissipation loss from surface kJ/m3N 51.3
32 Boiler efficiency (Indirect method) % 91.2 | 100-([19]+[31])/[20]*100
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Calculation sheet of air preheater of Boiler No.5

No. Item Unit DATA Remarks

1 |Measuring time Unit 32

2 |Rated capacity t/h 15.0 |Specification

3 |Boiler load factor 0 58

4 Drum steam pressure M Pa 1.52

5 [Enthalpy of steam kJ/kg 2792 [Steam table

6 |Fuel gas temperature deg C 34.0

7 |Fuel gas pressure in gage kPa 290.0

8 |Amount of fuel gas m3/h 214.3

9 |Amount of fuel gas m3S/h 771.4

10 |Amount of fuel gas m3N/h 731.3

11 [Lower calorific value of fuel gas kJ/m3S 38.75

12 [Lower calorific value of fuel gas kJ/m3N 40.88

13 [Exhaust gas temperature (outlet of boiler) deg C 240.0

14 (Oxygen concentration of exhaust gas 0 3.50 |[Change 19to0 35
15 [Excess air ratio 1.20

16 |Outside air temperature deg C 32.5 (Intake temperature
17 (Combustion air temperature (at burner) deg C 120.0

18 [Exhaust gas loss kJ/m3N 2441 e32*e33*(e37-e23)
19 [Exhaust gas loss without air preheater kJ/m3N 3859

20 [Theoretical air volume m3N/m3N | 10.39 [1.09*HL/1000-0.25
21 |Actual air volume m3N/m3N | 12.47

22 Specific heat of combustion air kJ/m3N-C| 1.30

23 [Theoretical dry exhaust gas volume m3N/m3N | 11.38 [1.14*HL/1000+0.25
24 |Actual dry exhaust gas volume m3N/m3N | 13.5

25 |Specific heat of exhaust gas kJ/m3N-C| 1.382

26 |Air preheater balance

27 |Air side 1418.5

28 [Exhaust gas side #NAME?

29 [Exhaust gas temperature deg C 163.7 |Outlet of preheater
30 Blow loss 0

31 [Radiation loss

32 |Surface temperature (55 to 70 deg-C) deg C 49.2

33 |Surface area (2.4m dia*5.4mL) m2 69

34 Radiation loss from surface kJ/m3N 32

35 |Convection loss from surface kJ/m3N 22

36 [Disspartion loss from surface kJ/m3N 54

37 Un-insulated manhole: 3 deg C 166 |480mm dia

38 [Radiation loss from manholes kJ/m3N 3

39 Boiler efficiency with air heater o 93.9

40 Boiler efficiency without air preheater Y% 90.4
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Calculation sheet of economizer of Boiler of 31.8 t/h

No. [item Unit DATA Remarks
Rated capaciry t/h 31.8 Specification
Boiler load factor bo 58
Drum steam pressure M Pa 1.52
Feed water temperature deg C 84.0
Feed water temperature (Outlet of economizer) [deg C 110.0
Specific gravity of water kg/L 1.0
Amount of feed water kg/H 18444.0 (31800 * 0.58
Amount of feed water kg/m3N 11.3
Enthalpy of feed water kJ/kg 351.6
Drum steam pressure M Pa 1.5
Fuel gas temperature deg C 34.0
Fuel gas pressure in gage kPa 290.0
Amount of fuel gas m3/h 453.7 | 214 *31.8/15
Amount of fuel gas m3S/h 1633.2 [453.7*3.6
Amount of fuel gas m3N/h 1548.2
Lower calorific value of fuel gas kJ/m3S 38.75
Lower calorific value of fuel gas kJ/m3N 40.88
Exhaust gas temperature (outlet of boiler) deg C 240.0
Oxygen concentration of exhaust gas 0 3.50 Change 19 to 35
Excess air factor 1.2
Outside air temperature (intake temperature) deg C 325
Exhaust gas loss with economizer kJ/m3N 2630 |e32*e33*(e37-e23)
Exhaust gas loss without economizer kJ/m3N 3859
Theoretical air volume m3N/m3N | 10.39 [1.09*HL/1000-0.25
Actual air volume m3N/m3N | 12.47
Specific heat of combustion air kJ/m3N-C| 1.30
Theoretical dry exhaust gas volume m3N/m3N | 11.38 [1.14*HL/1000+0.25
Actual dry exhaust gas volume M3N/m3N 135
Specific heat of exhaust gas kJ/m3N-C| 1.382
Economizer balance
Water side 1229.1
Exhaust gas side 1229.1
Exhaust gas temperature (outlet of economizer) deg C 173.9
Radiation loss
Surface temperature (55 to 70 deg-C) deg C 49.2
Surface area (2.4m dia*5.4mL) m2 69
Radiation loss from surface kJ/m3N 14
Convection loss from surface kJ/m3N 10
Dissipation loss from surface kJ/m3N 24
Un-insulated manhole: 3 deg C 166  [480mm dia
Radiation loss from manholes kJ/m3N 2
Boiler efficiency o 93.5
Boiler efficiency without air preheater Po 90.5
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No. | Area Equipment Part of Surface Surface
Equipment Status temperature Area (m2)
(deg C)
1 504-1F Thermal Oil 704 10/ Insulated 50.8 -—-
Heater PMD1.9
2 504-2F H.P.S E39 Insulated 46.5 -—-
Generator
3 504-2F | H.P.S E49 Insulated 49.7 -—
Generator
4 504-2F H.P.S Side View Uninsulated 194 -—-
Generator
5 504-2F H.P.S Front View Uninsulated 227 2.5
Generator
6 504-3F Fractionation Manhole Uninsulated 183 0.5
7 504-4F | Falling Film E41 Uninsulated 233 3.7
Evaporator
8 504 Top | Heat Exchanger | E22 Uninsulated 176 9.0
H.P_.S. : High Pressure Steam
Heat Loss from Heat Loss from Total Heat Loss
No | Equipment Convection(Qc) Radiation(Qr) (Qc+Qr)
(kcal/h) (kcal/h) (kcal/h)
5 H.P.S Generator 4,043 2,643 6,686
6 Fractionation 592 340 932
Distill.Column
7 Falling Film 7,181 4,125 11,306
Evaporator
8 Heat Exchanger 10,060 5,659 15,719
Total 21,876 12,767 34,642
No5 8 24 / x 360 / 30 Mcal
9.53Mcal/Sm3 3.14 Sm3 1.54 RM/
0.59RM/Sm3
3
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Thermal image of insulation

Section: 504 E49

Equipment: Side View

l!l"'J Date: 22 Aug. 05
f‘lh ib- H

>281.0°C

Object parameter Value
Emissivity 0.44
Object distance 1.0m

Label Value

SPO1 281.0°C
SP02 281.0°C
SPO3 281.0°C
62.4°C SP04 281.0°C
SP05 96.3°C
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Section: 504 E49
Equipment: Front view
Date: 22 Aug. 05

|

5281 0°C Object parameter Value
Emissivity 0.44
Object distance 1.0m

Label Value

SPO1 281.0°C
SP02 268.7°C
SPO3 281.0°C
SP04 281.0°C
SP05 90.8°C

53.9°C
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Section: 504 D40

>281.0°C

53.9°C

Equipment: Front view

Date: 22 Aug. 05

Object parameter Value
Emissivity 0.44
Object distance 1.0m
Label Value

SPO1 220.9°C
SP02 262.9°C
SP03 65.2°C
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Section: 504 E41 Top View
Equipment: Side View
Date: 22 Aug. 05

sxmoc | Object parameter Value
Emissivity 0.44
Object distance 1.0m
Label Value
SPO1 281.0°C
SP02 190.9°C
SPO3 281.0°C
SP04 281.0°C
SP05 60.0°C

53.9°C
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Section: 504 E22
Equipment: Side View
Date: 22 Aug. 05

Object parameter Value
>281.0°C Emissivity 0.44
Object distance 1.0m
Label Value
SPO1 269.9°C
SP02 160.5°C
SP03 274.6°C
SP04 281.0°C
SP05 62.3°C
46.2°C
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Steam trap inspection results

Factory: Company A Date of Measurement: 23 August 2005
. Steam
No. | Area Equipment pressure Steam trap Inspection results Remarks
name type
(Mpa)
1 | 504 | CR4001/0/TD 0.3 Disk Good 91°C
2 CR4003/0/TD 0.3 Disk Leak 93°C
3 CR403/0/TD 0.3 Disk Good 97°C
4 CR4083/5/1B 1.3 Bucket Leak 141°C L14
5 CR4047/5/1B 1.3 Bucket Good 135°C
6 CR4060/5/TD 0.3 Disk Low Temperature 79°C
8 |CR2 | CR201/1/1B 0.3 Bucket Good 89°C
9 CR202/1/1B 1.3 Bucket Leak 115°C L15
10 CR203/1/1B 1.3 Bucket Low Temperature 54°C Valve Closed
11 CR204/1/TD 0.3 Disk Good 87°C
12 CR205/1/TD 0.3 Disk Low Temperature 82°C
13 CR206/1/TD 0.3 Disk Low Temperature 83°C
14 CR207/1/TD 0.3 Disk Low Temperature 64°C
15 CR201/2/TD 0.3 Disk Low Temperature 85°C
16 CR202/2/TD 0.3 Disk Low Temperature 66°C
18 | CR3 | CR3001/1/TD 0.3 Disk Good 86°C
19 CR3002/1/F 1.3 Float Low Temperature 73°C
20 CR3003/1/F 0.3 Float Good 112°C
21 CR3004/1/F 0.3 Float Good 104°C
22 CR3005/1/F 0.3 Float Blocked 89°C
23 CR3006/1/F 0.4 Float Good 92°C
24 CR3007/1/TD 1.3 Disk Good 140°C
26 CR3001/2/F 1.3 Float Good 148°C
27 CR3002/2/TD 1.3 Disk Leak 148°C S01
28 CR3003/2/F 1.3 Float Good 153°C
29 CR3004/2/TD 0.3 Disk Leak 107°C S04
31 CR3001/3/TD 1.3 Disk Blowing 144°C
32 CR3002/3/TD 1.3 Disk Blowing 145°C
33 CR3003/3/TD 1.3 Disk Leak 141°C M10
34 CR3004/3/TD 0.3 Disk Blocked 32°C
35 CR3005/3/TD 1.3 Disk Good 142°C
Inspection
results Quantity
Good 13
Low 8
temperature
Leaking 6
Blowing 2 In the ejector of CR3
Blocked 2
Total 31
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Motor load factor (20 motors of higher rank of output)

Name ofmachine Voltage | Current (A) Revol | AC | Load

No. V) Motor ution | or | factor | Note

Autual | Rated | (kW) (rom) | DC

1| 704G11A 415 89 124 75| 2900 | AC 0.72

2 | 704G11B 415| ND 124 75| 2900 | AC Standby

3|1 503G30 415 73 97 55| 1470 | AC 0.75

4 | 503G31 415 70 97 55| 1470 | AC 0.72

5 | 503G32 415 75 97 55| 1470 | AC 0.77

6 | 503G33 415 71 97 55| 1470 | AC 0.73
Cooling tower pump

7 504G80.1 415 109 133 75| 1450 | AC 0,82
Cooling tower pump

8 504G80.2 415| ND 133 75| 1450 | AC Standby
Cooling tower pump

9 504G80.3 415 102 133 75| 1450 | AC 0.77
Cooling tower pump

10 504G30.4 415 61 133 75| 1450 | AC 046

11 | Air compressor 1 415 60 72 37| 2900 | AC 0.83

12 | Air compressor 2 415 60 72 37| 2900 | AC 0.83

13 | Air compressor 3 415 70 92 551 2900 | AC 0.76

14 | Air compressor 4 415 | ND 92 55| 2900 | AC Standby
Thermo oil circular

15 oump (ANO) 415 76 77 | 2x45 | 2900 | AC 0.99 1 Standby
Thermo oil circular

16 oump (703D1) 415 76 77| 2x45 | 2900 | AC 0.99 1 Standby
Thermo oil circular

17 oump (703D4) 415 76 75| 2x45 | 2900 | AC 101 1 Standby
Water pump

18 for splitter 100G1 415 43 95 55 985 | AC 045 Inverter
Water pump

19 for splitter 103638 415 50 86 45| 1450 | AC 058 Inverter
Water pump

20 for splitter 103G2B 415 30 86 45| 1450 | AC 0.35 Inverter

21 | Chiller No. 3 415 86 | 151 30+60 AC 0.57

22 | Chiller No. 1 415 90 | 100 30+30 AC 0.90

23 | Chiller No. 2 415 86 | 100 30+30 AC 0.86
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