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 EXECUTIVE SUMMARY 1
Project 

In close operation and by order of AES Gener, maximum power test and performance tests at Norgener 
Unit 2, as per CDEC-SING requirement, have been conducted by DNV GL in the period from the 15th of 
December 2015 until the 17th of December 2015. 

Test procedure, with reference 15-1235, final version Rev.2 dated the 16th of September 2015, which has 
been agreed by parties involved, has been used as a guideline.  

Deviating from the test procedure, on site, parties agreed to minimize the test duration of the heat rate 
tests from four hours to two hours. The needed time for the traverse measurements of the emissions could 
be decreased, due to the application of interconnection and combining the installed sample tubes in the 
ducts upstream and downstream of the air heater. The test duration of two hours still complies with the 
minimum requirement as per ASME PTC4. The duration of the maximum power test remained to five 
hours. The result of the maximum power test is reported in a separate document, with reference 74108301 
CES/PTM 15-3256.  

Also deviating from the test procedure is the introduction of an additional mass and heat balance 
measurement around the deaerator, to determine the final feed water flow of the boiler. It appeared that 
the feed water flow measurement down streams the feed water pumps, which was foreseen for the 
evaluation, is affected by swirl and systematically showing a too high value. For that reason we have used 
the determined boiler feed water flow, based on the main condensate flow (including additional heat 
balances of the deaerator and HP heaters I and II), as decisive value for the final evaluation. 

Purpose 

The purpose of the heat rate test is to determine the variable operating costs for Northern Interconnected 
Grid (CDEC-SING) as per specification “Procedimiento DO: Informatión de Consumos Especificos” version 3. 

Report 

In this report the final results are presented of the conducted heat rate tests of Norgener Unit 2. The 
results are based on the final coal analyse results (100% Signal Peak) and unburned analysis of the fly-ash 
and bottom-ash. The analysis has been performed by PCM Santiago. As per comment of CDEC-SING during 
the preparation phase, the fuel properties of the coal have not been applied for correction of the heat rate 
of the plant. 

Final Results 

In Table 1 the main final results of the performance test of Unit 2 are presented and a graphical 
presentation of the net heat rate is given in Figure 1. 

For more detail information of the results, we refer to chapter 9 and Appendix F and G.  
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Table 1 Summary Final Result of Norgener Unit#2 (HHV) 

 

 

 

 

 

Figure 1   Final Result Net Heat Rate of Norgener Unit#2 (HHV)  
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Point 
Number 
DNVGL 
 

Performance Test  
Date 
Time begin 
Time end 

Unit 
 
 

100% 
15-12-15 
09:00 
11:00 

95% 
16-12-15 
09:00 
11:00 

90% 
16-12-15 
12:45 
14:45 

80% 
17-12-15 
09:30 
11:30 

70% 
17-12-15 
13:00 
15:00 

47%/Min
17-12-15 
17:00 
19:00 

 
 

@0560 
@0561 
@0957 
@0958 
@0965 

 
 

@0960 
@0965 
@0970 

 
 
 

@0976 
@0965 
@0980 

 
Net Power Plant Corr. 
Pe Net Power Unit (kWh) 
Pe Aux.Corr.CDEC-SING  
Pe Add.Corr.Power Factor  
Pe Add.Corr.CW Temp. 
Pe Net Power Plant Corr. 
 
Net Heat Rate Plant Corr. 
Qc Fuel Consumption Corr.  
Pe Net Power Plant Corr. 
HR Net Heat Rate Plant Corr 
 
Net HR Plant @Standard 
HHV of 6000 kCal/kg 
M Coal Corr. HHV (6000)  
Pe Net Power Plant Corr. 
HR Net HR Plant (at 6000) 
 

 
 

kW 
kW 
kW 
kW 
kW 

 
 

kJ/s 
kW 

kJ/kWh 
 
 
 

kg/s 
kW 

g/kWh 

 
 

125479 
128 
-361 
-191 

125055 
 
 

359445 
125055 
10347 

 
 
 

14.31 
125055 
411.9 

 
 

118877 
128 
-327 
-197 

118480 
 
 

342946 
118480 
10420 

 
 
 

13.65 
118480 
414.8 

 
 

112468 
128 
-295 
-65 

112236 
 
 

326338 
112236 
10467 

 
 
 

12.99 
112236 
416.7 

 
 

99499 
128 
-238 
-246 

99143 
 
 

287887 
99143 
10454 

 
 
 

11.46 
99143 
416.1 

 
 

86803 
128 
-184 
-235 

86512 
 
 

253696 
86512 
10557 

 
 
 

10.10 
86512 
420.2 

 
 

57998 
128 
-90 
-295 

57740 
 
 

182883 
57740 
11402 

 
 
 

7.28 
57740 
453.9 
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 INTRODUCTION 2
In close operation and by order of AES Gener, maximum power test and performance tests at Norgener 
Unit 2, as per CDEC-SING requirement, have been conducted by DNV GL in the period from the 15th of 
December 2015 until the 17th of December 2015. In total six heat rate tests has been performed. 

Test procedure, with reference 15-1235, final version Rev.2 dated the 16th of September 2015, which has 
been agreed by parties involved, has been used as a guideline.  

Deviating from the test procedure, on site, parties agreed to minimize the test duration of the heat rate 
tests from four hours to two hours. The needed time for the traverse measurements of the emissions could 
be decreased, due to the application of interconnection and combining the installed sample tubes in the 
ducts upstream and downstream of the air heater. The test duration of two hours still complies with the 
minimum requirement as per ASME PTC4. 

The duration of the maximum power test remained to five hours. The result of the maximum power test is 
reported in a separate document, with reference 74108301 CES/PTM 15-3255.  

Also deviating from the test procedure is the introduction of an additional mass and heat balance 
measurement around the deaerator, to determine the final feed water flow of the boiler. It appeared that 
the feed water flow measurement down streams the feed water pumps, which was foreseen for the 
evaluation, is affected by swirl and systematically showing a too high value.  

For that reason we have used the determined boiler feed water flow, based on the main condensate flow 
(including additional heat balances of the deaerator and HP heaters I and II), as decisive value for the final 
evaluation. 

As per comment of CDEC-SING during the preparation phase, the fuel properties of the coal have not been 
applied for correction of the heat rate of the plant. 

The following external representatives were present during the performance tests: 

CDEC-SING : Mr. Sergio Pizarro 

: Mr. José Flores (partly)  

 

 DESCRIPTION OF THE UNITS 3
The Norgener power plant (Unit 1 and Unit 2) is located at the coast in Tocopilla, Chile, in the Segunda 
Region about 175 km north to Antofagasta. Both units are type conventional coal-fired thermal units with a 
total installed gross power capacity of 264 MWe.  

Each unit is foreseen with a conventional condenser, supplied by seawater from the pumping station. 
Recently both units are extended with a desulfurization plant.  

The steam cycle is based on a conventional steam turbine with a nominal operating pressure of 160 bar(a) 
and a nominal HP and IP operating temperature equal to 537 °C, respectively 537.8°C.                                            
Low pressure exhaust steam from the steam turbine is condensed in a condenser operating working under 
vacuum. The steam turbine system of unit 2 has no bypass system. Each steam turbine generator is 
connected to the local 220 kV system through a step-up transformer. The steam turbine generator is 
connected to the main transformer by means of an isolated phase bus. Each unit includes auxiliary 
transformers for service of all the plant’s own loads and common station loads.  
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 STANDARDS 4
The following standards have been used as a guideline for the maximum power test and heat rate tests: 

 ASME PTC 46 Performance Test Code on overall Plant Performance, 1996 
 ASME PTC 4 Fired Steam Generators, October 2008 
 ASME PTC 6 Steam Turbines, December 2004 
 ASME PTC 12.2  Steam Surface Condensers, January 2010 
 ASME PTC 19.1 Test uncertainty, November 2005 
 ASME PTC 19.5  Flow Measurement, March 2004 
 ISO 5167 Measurement of fluid flows by means of differential pressure devices 

 inserted in circular cross-section conduits running 
 IAPWS-IFC97 Properties of Water and Steam, The Industrial Standard 
 NEN-ISO 18283 Hard coal and coke – manual sampling, September 2006 
 NEN-ISO 13909 Mechanical sampling moving streams 

 

 TEST PROGRAM HEAT RATE TESTS 5
Six tests, as presented in table 5.1, have been evaluated.  

Table 5.1   Test program 

 

 REFERENCE CONDITIONS 6
The reference conditions at the system boundary of the plant are defined as follow:  

 
Table 6.1 Reference conditions 
 
Description Unit Reference Conditions 
  Unit 1 Unit 2 
Ambient temperature °C 18.8 18.8 
Ambient relative humidity  % 75 75 
Water content in ambient air kg/kg 0.0101 0.0101 
Cooling water inlet temperature °C 18 18 
Power factor generator steam turbine - 0.85 0.85 

 
 

 MEASUREMENTS 7
In Appendix A2 an overview is presented of the essential measurements (measuring point list). An 
overview of these main measurements is also presented in the diagram of Appendix A1. 

Essential measurements, which have a significant influence on the accuracy of the net heat rate, have been 
measured by means of calibrated test instruments or calibrated plant instrumentation. 

Measurements which have a minor or even negligible influence or which will be used for information has 
been measured by means of plant instruments. 

Test  
Date 
Time begin 
Time end 

100% 
15-12-15 
09:00 
11:00 

95% 
16-12-15 
09:00 
11:00 

90% 
16-12-15 
12:45 
14:45 

80% 
17-12-15 
09:30 
11:30 

70% 
17-12-15 
13:00 
15:00 

47%/Min 
17-12-15 
17:00 
19:00 
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The most essential measurements for the net heat rate tests are: 

 
 net power of the unit 
 auxiliary power, excluded for power generation as per CDEC-SING requirement 
 feed water flow inlet boiler and/or main condensate flow to the deaerator 
 attemperator spray water flow to boiler and re-heater line 
 main steam pressure and temperature at the outlet of the boiler 
 main steam pressure and temperature at the inlet and outlet of the re-heater 
 auxiliary steam flow, pressure and temperature at the header  
 feed water temperature at the inlet of the boiler 
 attemperator spray water temperature boiler and re-heater  
 exhaust gas temperature after the air heater 
 O2 and CO content in the exhaust gasses after the air heater 
 HHV, LHV, Ash, H2O and volatile of the hard coal (and ultimate analysis C, H, N, S, O) 
 unburned carbon content bottom ash and fly ash 
 ambient conditions 
 pre-heating of air (if applicable). 

 

 CORRECTIONS TO REFERENCE CONDITIONS 8
As per test procedure the following corrections have been applied: 

 correction for air temperature at the boundary of the steam generator 
 correction for fuel properties of the coal 
 correction for cooling water inlet temperature of the condenser 
 correction for power factor of the generator  
 correction for auxiliary power, as per CDEC-SING requirement 
 
The applicable correction curves are presented in Appendix B. 
 
The correction for Unit 2 as per CDEC-SING definition consists of: 
 correction for administration building and lightning 
 correction for common auxiliaries, which may be divided equally to both units (air compressors, 

potable water pump, make up water pump, diesel pump). 
 

 RESULTS 9
In the following Annexes the main detail results are presented: 
Appendix C:  Results analysis coal, bottom ash and fly ash 
Appendix D:  Measurement data DNV GL, Algorithm and AES 
Appendix E:  Control panel screen dumps 
Appendix F:  Results DNV GL calculation program 
Appendix F1:  Measurement input for DNV GL calculation program condensate balance 
Appendix F2:  Results DNV GL calculation program condensate balance (long results) 
Appendix F3:  Measurement input for DNV GL main calculation program  
Appendix F4:  Results DNV GL main calculation program (long results) 
Appendix G:  Results ASME PTC 4 Heat Balance Method 
Appendix H:  Uncertainty calculation 



 
 

DNV GL - Energy  –  Report No. 16-0246        –  www.dnvgl.com/energy   -6
 

In the so-called long results output of Appendix F4, details of the calculations of the main program are 
presented step by step, so each calculated parameter can be easily checked. The numbers in the DNV GL 
main calculation program of Appendix F3 and F4 are: 

 
- numbers @0001 till @0600: measured values, constants and flag setting 
- numbers @0650 till @3054: calculated results. 

In table 9.1 till table 9.3 the main results of the performance measurements are summarised.  
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Table 9.1   Ambient Conditions, Flow Measurements and HP Heater 6 

Point 
Number 
DNVGL 
 

Performance Test  
Date 
Time begin 
Time end 

Unit 
 
 

100% 
15-12-15 
09:00 
11:00 

95% 
16-12-15 
09:00 
11:00 

90% 
16-12-15 
12:45 
14:45 

80% 
17-12-15 
09:30 
11:30 

70% 
17-12-15 
13:00 
15:00 

47%/Min
17-12-15 
17:00 
19:00 

 
 

@3001 
@3002 
@0082 
@3004 
@3005 

 
 

@0100 
@1751 
@1752 
@1755 

 
@1756 

 
 

@0105 
@1761 
@1762 
@1760 

 
 

@0115 
@1771 
@1772 
@1770 

 
 

@0110 
@1801 
@1802 
@1800 

 
 

@1700 
@1701 
@1702 
@1703 
@1711 
@1712 
@1713 
@1721 
@1722 
@1723 
@1020 

 

 
Ambient Conditions 
P Ambient Pressure 
T Ambient Temperature 
X Relative Humidity 
X Absolute Humidity 
X Wet Bulb Temperature 
 
HP Flow Measurement 
dP HP Feed Water Flow  
P HP Feed Water   
T HP Feed Water  
M HP Feed Water Flow  
 
M HP FW Cond.Method  
 
HP Spray Water Flow 1 
dP HP Spray Water Flow 1 
P HP Spray Water 1 
T HP Spray Water 1 
M HP Spray Water Flow 1 
 
HP Spray Water Flow 2 
dP HP Spray Water Flow 2 
P HP Spray Water 2 
T HP Spray Water 2 
M HP Spray Water Flow 2 
 
RH Spray Water Flow  
dP RH Spray Water Flow  
P RH Spray Water   
T RH Spray Water  
M RH Spray Water Flow  
 
Heat Balance HP Heater 6 
M HP Feed Water Inlet  
P HP Feed Water Inlet  
T HP Feed Water Inlet  
H Enthalpy FW Inlet 
P HP Feed Water Outlet  
T HP Feed Water Outlet  
H Enthalpy FW Outlet 
P Drain Outlet  
T Drain Outlet  
H Drain Outlet 
M Extraction Flow HPH 6  

 
 

mbar 
°C 
% 

kg/kg 
°C 
 
 

mbar 
bar(a) 

°C 
kg/s 

 
kg/s 

 
 

mbar 
bar(a) 

°C 
kg/s 

 
 

mbar 
bar(a) 

°C 
kg/s 

 
 

mbar 
bar(a) 

°C 
kg/s 

 
 

kg/s 
bar(a) 

°C 
kJ/kg 
bar(a) 

°C 
kJ/kg 
bar(a) 

°C 
kJ/kg 
kg/s 

 
 

1.0096 
20.81 
64.82 

0.00998 
16.50 

 
 

440.88 
213.5 
178.3 
118.02 

 
114.88 

 
 

0.00 
168.7 
178.3 
0.00 

 
 

0.00 
168.7 
178.3 
0.00 

 
 

78.06 
73.86 
175.61 
2.33 

 
 

114.9 
184.7 
215.6 
928.9 
184.7 
249.1 
1082.4 
39.15 
221.1 
949.1 
8.246 

 
 

1.0095 
21.49 
68.98 

0.01109 
17.65 

 
 

401.04 
218.8 
176.5 
112.68 

 
109.69 

 
 

0.00 
215.8 
176.5 
0.00 

 
 

18.85 
215.7 
176.5 
1.15 

 
 

30.91 
75.95 
173.55 
1.47 

 
 

108.5 
179.8 
213.3 
918.6 
179.8 
246.4 
1069.5 
37.21 
218.6 
937.5 
7.654 

 
 

1.0082 
21.23 
63.98 

0.01012 
16.75 

 
 

357.92 
222.8 
174.7 
106.55 

 
103.79 

 
 

0.00 
219.9 
174.7 
0.00 

 
 

63.47 
219.7 
174.7 
2.11 

 
 

19.83 
77.22 
171.42 
1.17 

 
 

101.7 
176.6 
210.9 
907.7 
176.6 
243.7 
1056.7 
35.25 
215.9 
925 

7.043 

 
 

1.0082 
20.84 
61.61 

0.00951 
16.09 

 
 

277.85 
232.6 
170.0 
94.11 

 
91.53 

 
 

0.00 
229.7 
170 
0.00 

 
 

8.20 
229.6 
170.0 
0.76 

 
 

0.00 
80.41 
112.56 
0.00 

 
 

90.8 
170.9 
204.5 
878.8 
170.9 
236.3 
1022.6 
30.83 
209.1 
893.9 
6.011 

 
 

1.0071 
21.37 
64.47 
0.0103 
16.94 

 
 

206.07 
243 

165.4 
81.23 

 
79.18 

 
 

0.00 
240.1 
165.4 
0.00 

 
 

39.95 
240.0 
165.4 
1.68 

 
 

0.00 
83.11 
105.63 
0.00 

 
 

77.5 
165.3 
198.3 
851.4 
165.3 
229.0 
989.0 
26.81 
202.0 
861.9 
4.865 

 
 

1.0051 
20.65 
74.84 

0.01149 
17.64 

 
 

98.96 
246.8 
152.6 
56.59 

 
55.53 

 
 

0.00 
243.9 
152.6 
0.00 

 
 

18.16 
243.8 
152.6 
1.14 

 
 

3.90 
82.98 
139.39 
0.53 

 
 

54.4 
160.1 
182.2 
780.7 
160.1 
210.2 
903.8 
18.65 
184.3 
782.5 
3.008 
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Table 9.2   Boiler Heat Production and Boiler Fuel Efficiency 

 

 

Point 
Number 
DNVGL 
 

Performance Test  
Date 
Time begin 
Time end 

Unit 
 
 

100% 
15-12-15 
09:00 
11:00 

95% 
16-12-15 
09:00 
11:00 

90% 
16-12-15 
12:45 
14:45 

80% 
17-12-15 
09:30 
11:30 

70% 
17-12-15 
13:00 
15:00 

47%/Min
17-12-15 
17:00 
19:00 

 
 

@1750 
@0901 
@0902 
@1000 

 
 

@1000 
@1020 
@0900 
@0490 
@1035 

 
 

@1035 
@1800 
@1040 

 
 

@1000 
@1003 
@1650 
@1653 
@1040 
@1043 
@1035 
@1033 
@1760 
@1763 
@1770 
@1773 
@1800 
@1803 
@0830 

 
 

@0520 
@0952 
@0953 
@0954 
@0955 
@0956 
@0950 

 
HP Steam Production  
M HP Feed Water Flow  
M Boiler Leakage 
M Blow Down Boiler  
M HP Steam Outlet Boiler  
 
Cold RH Steam Production  
M HP Steam Outlet Boiler  
M Extraction Flow HPH 6 
M Leak HP Turb.&Gland St.  
M Ejector Steam Design 
M CRH Steam Inlet Boiler  
 
Hot RH Steam Production  
M CRH Steam Inlet Boiler  
M RH Spray Water Flow  
M HRH Steam Outlet Boiler  
 
Boiler Heat Production  
M HP Steam Outlet Boiler  
H HP Steam Outlet Boiler  
M Feed Water Inlet Boiler 
H Feed Water Inlet Boiler 
M HRH Steam Outlet Boiler  
H HRH Steam Outlet Boiler  
M CRH Steam Inlet Boiler  
H CRH Steam Inlet Boiler  
M HP Spray Water Flow 1 
H HP Spray Water Flow 1 
M HP Spray Water Flow 2 
H HP Spray Water Flow 2 
M RH Spray Water Flow  
H RH Spray Water Flow  
Q Boiler Heat Production 
 
Boiler Fuel Efficiency   
Ym Fuel Efficiency Measured  
Xc Corr.for Ambient Temp. 
Xc Corr.for Humidity 
Xc Corr.for Hydrogen Coal 
Xc Corr.for Moisture Coal 
Xc Corr.for Theor.Dry Air 
Ym Fuel Efficiency Corrected 
 

 
 

kg/s 
kg/s 
kg/s 
kg/s 

 
 

kg/s 
kg/s 
kg/s 
kg/s 
kg/s 

 
 

kg/s 
kg/s 
kg/s 

 
 

kg/s 
kJ/kg 
kg/s 
kJ/kg 
kg/s 
kJ/kg 
kg/s 
kJ/kg 
kg/s 
kJ/kg 
kg/s 
kJ/kg 
kg/s 
kJ/kg 
kJ/s 

 
 

% 
% 
% 
% 
% 
% 
% 
 

 
 

114.88 
0.268 
0.00 

114.61 
 
 

114.61 
8.246 
2.534 
0.18 

103.65 
 
 

103.65 
2.33 

105.99 
 
 

114.61 
3406.9 
114.88 
1117.7 
105.99 
3554.1 
103.65 
3098.6 
0.00 
764.0 
0.00 
764.0 
2.33 
747.2 

315833 
 
 

87.90 
-0.035 
-0.002 
0.000 
0.000 
0.000 
87.87 

 
 

109.69 
0.268 
0.00 

109.42 
 
 

109.42 
7.654 
2.436 
0.18 
99.15 

 
 

99.15 
1.47 

100.62 
 
 

109.42 
3396.1 
108.54 
1104.7 
100.62 
3554.3 
99.15 
3089.2 
0.00 
758.8 
1.15 
758.8 
1.47 
738.4 

301067 
 
 

87.82 
-0.048 
0.009 
0.000 
0.000 
0.000 
87.79 

 
 

103.79 
0.268 
0.00 

103.52 
 
 

103.52 
7.043 
2.323 
0.18 
93.98 

 
 

93.98 
1.17 
95.15 

 
 

103.52 
3398.2 
101.68 
1091.5 
95.15 
3556.2 
93.98 
3087.6 
0.00 
751.3 
2.11 
751.3 
1.17 
729.2 

286586 
 
 

87.86 
-0.043 
-0.001 
0.000 
0.000 
0.000 
87.82 

 
 

91.53 
0.268 
0.00 
91.26 

 
 

91.26 
6.011 
2.088 
0.18 
82.98 

 
 

82.98 
0.00 
82.98 

 
 

91.26 
3405.4 
90.77 
1056.6 
82.98 
3555.6 
82.98 
3077.3 
0.00 
731.6 
0.76 
731.6 
0.00 
477.9 

254021 
 
 

88.27 
-0.036 
-0.007 
0.000 
0.000 
0.000 
88.24 

 
 

79.18 
0.268 
0.00 
78.91 

 
 

78.91 
4.865 
1.851 
0.18 
72.02 

 
 

72.02 
0.00 
72.02 

 
 

78.91 
3406.7 
77.50 
1022.1 
72.02 
3558.8 
72.02 
3064.7 
0.00 
712.7 
1.68 
712.7 
0.00 
448.9 

223998 
 
 

88.33 
-0.045 
0.001 
0.000 
0.000 
0.000 
88.29 

 
 

55.53 
0.268 
0.00 
55.26 

 
 

55.26 
3.008 
1.393 
0.18 
50.68 

 
 

50.68 
0.53 
51.21 

 
 

55.26 
3380.0 
54.39 
932.4 
51.21 
3497.5 
50.68 
3021.3 
0.00 
658.2 
1.14 
658.2 
0.53 
591.8 

160985 
 
 

88.04 
-0.032 
0.014 
0.000 
0.000 
0.000 
88.03 
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Table 9.3   Fuel Consumption, Net Heat Rate and Net Heat Rate at Standard HHV of 6000 kCal/kg 

 

 

  

Point 
Number 
DNVGL 
 

Performance Test  
Date 
Time begin 
Time end 

Unit 
 
 

100% 
15-12-15 
09:00 
11:00 

95% 
16-12-15 
09:00 
11:00 

90% 
16-12-15 
12:45 
14:45 

80% 
17-12-15 
09:30 
11:30 

70% 
17-12-15 
13:00 
15:00 

47%/Min
17-12-15 
17:00 
19:00 

 
 

@0830 
@0950 
@0960 

 
 

@0560 
@0561 
@0957 
@0958 
@0965 

 
 

@0960 
@0965 
@0970 

 
 

@0960 
@0295 
@0975 

 
 

@0975 
@0295 
@0511 
@0976 

 
 
 

@0976 
@0965 
@0980 

 
Fuel Consumption Corr. 
Q Boiler Heat Production  
Yc Fuel Efficiency Corrected  
Qc Fuel Consumption Corr.  
 
Net Power Plant Corr. 
Pe Net Power Unit (kWh) 
Pe Aux.Corr.CDEC-SING  
Pe Add.Corr.Power Factor  
Pe Add.Corr.CW Temp. 
Pe Net Power Plant Corr. 
 
Net Heat Rate Plant Corr. 
Qc Fuel Consumption Corr.  
Pe Net Power Plant Corr. 
HR Net Heat Rate Plant Corr 
 
Mass Coal HHV as Fired  
Qc Fuel Consumption Corr.  
HHV Coal (as fired)  
M Coal Corr. HHV (fired)  
 
Mass Coal @6000 kCal/kg 
M Coal Corr. HHV (fired)  
HHV Coal (as fired)  
HHV Coal (standard)  
M Coal Corr. HHV (6000)  
 
Net HR Plant @Standard 
HHV of 6000 kCal/kg 
M Coal Corr. HHV (6000)  
Pe Net Power Plant Corr. 
HR Net HR Plant (at 6000) 
 

 
 

kJ/s 
% 

kJ/s 
 
 

kW 
kW 
kW 
kW 
kW 

 
 

kJ/s 
kW 

kJ/kWh 
 
 

kJ/s 
kJ/kg 
kg/s 

 
 

kg/s 
kJ/kg 

kCal/kg 
kg/s 

 
 
 

kg/s 
kW 

g/kWh 
 

 
 

315833 
87.87 

359445 
 
 

125479 
128 
-361 
-191 

125055 
 
 

359445 
125055 
10347 

 
 

359445 
23580 
15.24 

 
 

15.24 
23580 
6000 
14.31 

 
 
 

14.31 
125055 
411.9 

 
 

301067 
87.79 

342946 
 
 

118877 
128 
-327 
-197 

118480 
 
 

342946 
118480 
10420 

 
 

342946 
23614 
14.52 

 
 

14.52 
23614 
6000 
13.65 

 
 
 

13.65 
118480 
414.8 

 
 

286586 
87.82 

326338 
 
 

112468 
128 
-295 
-65 

112236 
 
 

326338 
112236 
10467 

 
 

326338 
23542 
13.86 

 
 

13.86 
23542 
6000 
12.99 

 
 
 

12.99 
112236 
416.7 

 
 

254021 
88.24 

287887 
 
 

99499 
128 
-238 
-246 

99143 
 
 

287887 
99143 
10454 

 
 

287887 
23777 
12.11 

 
 

12.11 
23777 
6000 
11.46 

 
 
 

11.46 
99143 
416.1 

 
 

223998 
88.29 

253696 
 
 

86803 
128 
-184 
-235 

86512 
 
 

253696 
86512 
10557 

 
 

253696 
23542 
10.78 

 
 

10.78 
23542 
6000 
10.10 

 
 
 

10.10 
86512 
420.2 

 
 

160985 
88.03 

182883 
 
 

57998 
128 
-90 
-295 

57740 
 
 

182883 
57740 
11402 

 
 

182883 
23505 
7.78 

 
 

7.78 
23505 
6000 
7.28 

 
 
 

7.28 
57740 
453.9 
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 UNCERTAINTY CALCULATION 10
Based on the uncertainties of the individual measurements, the total uncertainty of the net corrected heat 
rate of the plant has been calculated for the full load test (test 1). Detail results are presented in Appendix 
H.  

The used systematically uncertainties (calibrated test equipment DNV GL and AES Gener Metering 
Systems, coal, fly-ash and bottom-ash analysis, etcetera) are presented in Table 10.1. 

For the process variations during the tests, for each individual process value, the applicable fluctuation by 
means of the standard deviations (random error) has been used. The result of the 2k standard deviations 
(random errors at 95% confidence interval) is presented in the summary table of Appendix H. 

Table 10.1 Used systematically uncertainties 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 

The summary result of the uncertainty calculation (Appendix H) is presented in Table 10.2. 
 

Table 10.2 Uncertainty Net Heat Rate of Norgener Unit 2 

Uncertainty Process Value Unit Uncertainty 
Test 1 

σ Net Heat Rate Plant Corrected % ± 2.3 % 
 
 

Name Unit Uncertainty 
 

Ambient Temperature  
Ambient Pressure 
Ambient Humidity 
Differential Transmitters 
Water and Steam Pressures 
Water and Steam Temperature (<50°C) 
Water and Steam Temperature (50°C < T <400°C) 
Water and Steam Temperature (> 400°C) 
Net Power Metering 
Gross Power Metering 
Power Factor 
HHV Analysis 
Water Content Analysis 
Ash Content Analysis 
C, H, O, N, S Analysis 
Unburned Carbon 
O2 in Exhaust Gas Inlet Air Heater (incl.grid) 
O2 in Exhaust Gas Outlet Air Heater (incl.grid) 
CO in Exhaust Gas Outlet Air Heater (incl.grid) 
Temperature Exhaust Gas Inlet Air Heater (incl.grid) 
Temperature Exhaust Gas Outlet Air Heater (incl.grid) 
Temperature Primary Air Inlet Air Heater 
Temperature Secondary Air Inlet Air Heater 
Total Auxiliary Power within System Boundary 

°C 
mbar 

% 
mbar 
bar(a) 

°C 
°C 
°C 
% 
% 
% 

kJ/kg 
% 
% 
% 
% 
% 
% 

ppm 
°C 
°C 
°C 
°C 
kW 

± 0.2 K (abs.) 
± 1 mbar (abs.) 

± 2.5 % 
± 0.2 %  
± 0.1 % 

± 0.2 K (abs.) 
± 0.5 K (abs.) 
± 1.2 K (abs.) 

± 0.35 % 
± 0.35 % 
± 0.35 % 
± 1.5 % 
± 1.0 % 
± 1.0 % 
± 1.0 % 
± 1.0 % 
± 5.0 % 
± 5.0 % 
± 5.0 % 

± 2.5 K (abs) 
± 2.5 K (abs) 
± 1.5 K (abs) 
± 1.5 K (abs) 

± 5.0 % 
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 APPENDIX  A3 
DNV GL Calibration Certificates 
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 APPENDIX  A4 
AES Calibration Certificates 
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 APPENDIX  B  
Correction Curves 
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Results Analysis Coal, Bottom and Fly Ash Test at 95% Load 
  



 
 

DNV GL - Energy  –  Report No. 16-0246        –  www.dnvgl.com/energy   Appendix  C2-2
 
 

 



 
 

DNV GL - Energy  –  Report No. 16-0246        –  www.dnvgl.com/energy   Appendix  C2-3
 
 

 

 



 
 

DNV GL - Energy  –  Report No. 16-0246        –  www.dnvgl.com/energy   Appendix  C2-4
 
 

 

 



 
 

DNV GL - Energy  –  Report No. 16-0246        –  www.dnvgl.com/energy   Appendix  C2-5
 
 

 

  



 
 

DNV GL - Energy  –  Report No. 16-0246        –  www.dnvgl.com/energy   Appendix  C3-1
 
 

 APPENDIX  C3 
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DNV GL - Energy  –  Report No. 16-0246        –  www.dnvgl.com/energy   Appendix  D6-2
 



 
 

DNV GL - Energy  –  Report No. 16-0246        –  www.dnvgl.com/energy   Appendix  D6-3
 



 
 

DNV GL - Energy  –  Report No. 16-0246        –  www.dnvgl.com/energy   Appendix  D6-4
 

 

 

  



 
 

DNV GL - Energy  –  Report No. 16-0246        –  www.dnvgl.com/energy   Appendix  E-1
 

 APPENDIX  E  
Control Panel Screen Dumps 



 
 

DNV GL - Energy  –  Report No. 16-0246        –  www.dnvgl.com/energy   Appendix  E1-1
 

 APPENDIX  E1 
Control Panel Screen Dumps Test at 100% Load 
 

  



 
 

DNV GL - Energy  –  Report No. 16-0246        –  www.dnvgl.com/energy   Appendix  E1-2
 

 

 

 

 



 
 

DNV GL - Energy  –  Report No. 16-0246        –  www.dnvgl.com/energy   Appendix  E1-3
 

 

 

 

 



 
 

DNV GL - Energy  –  Report No. 16-0246        –  www.dnvgl.com/energy   Appendix  E1-4
 

 

 

 

 



 
 

DNV GL - Energy  –  Report No. 16-0246        –  www.dnvgl.com/energy   Appendix  E1-5
 

 

 

 

 



 
 

DNV GL - Energy  –  Report No. 16-0246        –  www.dnvgl.com/energy   Appendix  E1-6
 

 

 

 



 
 

DNV GL - Energy  –  Report No. 16-0246        –  www.dnvgl.com/energy   Appendix  E1-7
 

 

 

 

 



 
 

DNV GL - Energy  –  Report No. 16-0246        –  www.dnvgl.com/energy   Appendix  E1-8
 

 

 

 

 



 
 

DNV GL - Energy  –  Report No. 16-0246        –  www.dnvgl.com/energy   Appendix  E1-9
 

 

 

 

 



 
 

DNV GL - Energy  –  Report No. 16-0246        –  www.dnvgl.com/energy   Appendix  E1-10
 

 

 

 



 
 

DNV GL - Energy  –  Report No. 16-0246        –  www.dnvgl.com/energy   Appendix  E2-1
 

 APPENDIX  E2 
Control Panel Screen Dumps Test at 95% Load 
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 APPENDIX  F1 
Measurement Input for DNV GL Calculation Program Balance 
Condensate 
 



DNV GL - Energy Advisory
Process Technology & Measurements

Short Results Report

AnalysisBase  : C:\Projects\AES Norgener\TW-AES_Gener_Norgener_Balans_Condensate_Unit#2\Measurements

ThermoWare 3.150

User : 9
Date : 1/25/2016
Time : 4:29:54 PM

Page : 1

Norgener Deaerator Mass Balance Check Feed Water Flow

Performance Tests Unit #2

Standards and References used for Property Calculations as needed:

Steam Library       : IFC 1997

Flue Gas Library    : PTC 4.4 - 2008 (No dissociation included)

Dry Air Composition : PTC 4.4 - 2008

TestNumber                                     100%-HR      95%-HR      90%-HR      80%-HR      70%-HR     Min%-HR

Load                                              100%         95%         90%         80%         70%         47%

Date                                        12/15/2015  12/16/2015  12/16/2015  12/17/2015  12/17/2015  12/17/2015

Start Time                                  9:00:00 AM  9:00:00 AM 12:45:00 PM  9:30:00 AM  1:00:00 PM  5:00:00 PM

End Time                                   11:00:00 AM 11:00:00 AM  2:45:00 PM 11:30:00 AM  3:00:00 PM  7:00:00 PM

@012 M Cond.DCS Average          ton/hr          341.6       324.9       308.3       270.9       236.6       170.5

@013 dP Cond.Dearerator In       mbar            180.7       163.9       147.5       113.5       86.77       45.08

@020 P Cond. Deaerator In        bar(a)          10.21       9.776       9.339       8.342       7.445       5.625

@021 T Cond. Deaerator In        °C              136.6       135.2       133.6       129.6       125.5       114.8

@040 M  FW Pump A                t/h             194.0       186.8       177.2       157.0       133.1        59.6

@041 M  FW Pump B                t/h              -0.0        -0.0        -0.0        -0.0        -0.0        -0.0

@042 M  FW Pump C                t/h             231.2       219.7       206.9       183.0       160.5       145.3

@050 P ST To Deaerator           bar(a)          8.710       8.301       7.888       6.928       6.075       4.306

@051 T ST To Deaerator           °C              356.6       356.6       357.0       353.1       352.6       334.5

@060 T  FW Deaerator             °C              173.8       171.7       169.7       164.4       159.2       146.2

@077 P  Steam to HP FWH 1        bar(a)          21.73       20.70       19.66       17.23       15.09       10.62

@078 T  Steam to HP FWH 1        °C              273.5       270.1       266.8       257.9       248.9       224.7

@095 P ST HP Sub Heater          bar(a)          22.43       21.36       20.24       17.73       15.52       10.87

@096 T ST HP Sub Heater          °C              490.3       490.0       490.0       487.7       487.9       459.1

@100 dP FW after FW Pumps        mbar            440.9       401.0       357.9       277.8       206.1       98.96

@101 P FW after FW Pumps         bar(a)          213.5       218.8       222.8       232.6       243.0       246.8

@102 T FW after FW Pumps         °C              178.3       176.5       174.7       170.0       165.4       152.6

@105 dP HP Spray Water 1         mbar                0           0           0           0           0           0

@106 P HP Spray Water 1          bar(a)          168.7       215.8       219.9       229.7       240.1       243.9

@110 dP RH Spray Water           mbar            78.06       30.91       19.83           0           0       3.899

@111 P RH Spray Water            bar(a)          73.86       75.95       77.22       80.41       83.11       82.98

@112 T RH Spray Water A          °C              175.7       173.7       171.7       127.3       114.0       148.3

@113 T RH Spray Water B          °C                  0           0           0           0           0           0

@114 T RH Spray Water C          °C              175.5       173.4       171.1       127.3       114.0       148.3

@115 dP HP Spray Water 2         mbar                0       18.85       63.47       8.202       39.95       18.16

@116 P HP Spray Water 2          bar(a)          168.7       215.7       219.7       229.6       240.0       243.8

@120 P ST To HP FWH 2            bar(a)          39.15       37.21       35.25       30.83       26.81       18.65

@121 T ST To HP FWH 2            °C              351.0       345.3       342.9       334.1       324.7       296.4

@123 T FW HP FWH 2 In            °C              215.6       213.3       210.9       204.5       198.3       182.2

@124 P FW HP FWH 2  Out          bar(a)          184.7       179.8       176.6       170.9       165.3       160.1

@125 T FW HP FWH 2 Out           °C              249.1       246.4       243.7       236.3       229.0       210.2

@126 T Drain HP FWH 2            °C              221.1       218.6       215.9       209.1       202.0       184.3

@127 T Drain HP FWH 1            °C              192.2       189.8       186.9       181.1       174.8       159.5

@140 P FW Inlet Boiler           bar(a)          182.3       177.7       174.6       169.2       164.0       159.3

@141 T  FW Inlet Boiler          °C              256.6       253.9       251.1       243.7       236.3       216.6
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 APPENDIX  F2 
Results DNV GL Calculation Program Balance Condensate 



DNV GL - Energy Advisory
Process Technology & Measurements

Long Results Report

AnalysisBase  : C:\Projects\AES Norgener\TW-AES_Gener_Norgener_Balans_Condensate_Unit#2
ThermoWare 3.150

User : 9
Date : 1/13/2016
Time : 12:41:24 PM

Page : 1

Norgener Deaerator Mass Balance Check Feed Water Flow

Performance Tests Unit #2

Standards and References used for Property Calculations as needed:

Steam Library       : IFC 1997

Flue Gas Library    : PTC 4.4 - 2008 (No dissociation included)

Dry Air Composition : PTC 4.4 - 2008

TestNumber                                     100%-HR      95%-HR      90%-HR      80%-HR      70%-HR     Min%-HR

Load                                              100%         95%         90%         80%         70%         47%

Date                                        12/15/2015  12/16/2015  12/16/2015  12/17/2015  12/17/2015  12/17/2015

Start Time                                  9:00:00 AM  9:00:00 AM 12:45:00 PM  9:30:00 AM  1:00:00 PM  5:00:00 PM

End Time                                   11:00:00 AM 11:00:00 AM  2:45:00 PM 11:30:00 AM  3:00:00 PM  7:00:00 PM

REM Average

@1802=Average(@0112,@0114)

@0112 T RH Spray Water A         °C              175.7       173.7       171.7       127.3       114.0       148.3

@0114 T RH Spray Water C         °C              175.5       173.4       171.1       127.3       114.0       148.3

@1802 T  RH Spray Boiler         °C              175.6       173.5       171.4       127.3       114.0       148.3

REM  Flows

FLOW CALCULATION ACCORDING ISO 5167-2003

Fluid type                       Water

Element type                     ISO 5167 Long Radius Nozzle

Pipe diameter                    mm       203.6

Orifice diameter                 mm       136.59

Pipe Material                    -        VDI 2040 - Steel I; 1.0425; H II;

Orifice Material                 -        VDI 2040 - Steel V; 1.4401; X5CrNiMo 17 12 2;

Corr factor pipe roughness       -        1

Corr factor edge sharpness       -        1

Flow Factor                      -        0

ASME Extrapolation               -        No

@1601 P  Condensate Flow         bar(a)          10.21       9.776       9.339       8.342       7.445       5.625

@1602 T  Condensate Flow         °C              136.6       135.2       133.6       129.6       125.5       114.8

@0013 dP Cond.Dearerator In      mbar            180.7       163.9       147.5       113.5       86.77       45.08

Density                          kg/m3          929.51      930.73      932.08      935.47      938.87      947.43

Dynamic Viscosity                uPas            202.0       204.3       206.9       213.8       221.3       243.4

Corrected Pipe Diameter          mm             203.91      203.91      203.90      203.89      203.88      203.85

Corrected Orifce Diameter        mm             136.87      136.86      136.86      136.85      136.84      136.81

Diameter Ratio                   -             0.67121     0.67121     0.67120     0.67119     0.67118     0.67115

Reynolds Number D                -             2932975     2763654     2590265     2202298     1862799     1224449

Reynolds Number d                -             4369662     4117425     3859127     3281168     2775402     1824403

Discharge Coefficient            -             0.99338     0.99328     0.99318     0.99290     0.99258     0.99167

Velocity of Approach Factor      -             1.12012     1.12012     1.12011     1.12010     1.12009     1.12007

Flow Coefficient                 -             1.11270     1.11259     1.11247     1.11214     1.11178     1.11073

Validity                         -               VALID       VALID       VALID       VALID       VALID       VALID

@1600 M  Condensate Flow         kg/s            94.88       90.41       85.82       75.38       66.00       47.72
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FLOW CALCULATION ACCORDING ISO 5167-2003

Fluid type                       Water

Element type                     ISO 5167 Long Radius Nozzle

Pipe diameter                    mm       211.8

Orifice diameter                 mm       125.61

Pipe Material                    -        VDI 2040 - Steel I; 1.0425; H II;

Orifice Material                 -        VDI 2040 - Steel V; 1.4401; X5CrNiMo 17 12 2;

Corr factor pipe roughness       -        1

Corr factor edge sharpness       -        1

Flow Factor                      -        0

ASME Extrapolation               -        No

@1751 P  FW after FW Pumps       bar(a)          213.5       218.8       222.8       232.6       243.0       246.8

@1752 T  FW after FW Pumps       °C              178.3       176.5       174.7       170.0       165.4       152.6

@0100 dP FW after FW Pumps       mbar            440.9       401.0       357.9       277.8       206.1       98.96

Density                          kg/m3          901.65      903.77      905.78      910.92      915.89      927.83

Dynamic Viscosity                uPas            156.6       158.4       160.2       165.0       170.1       185.1

Corrected Pipe Diameter          mm             212.25      212.24      212.23      212.22      212.21      212.17

Corrected Orifce Diameter        mm             125.96      125.96      125.95      125.94      125.93      125.90

Diameter Ratio                   -             0.59346     0.59346     0.59346     0.59344     0.59343     0.59340

Reynolds Number D                -             4520840     4267381     3990417     3421067     2866202     1834571

Reynolds Number d                -             7617712     7190683     6724039     5764773     4829874     3091628

Discharge Coefficient            -             0.99413     0.99406     0.99398     0.99378     0.99353     0.99279

Velocity of Approach Factor      -             1.06846     1.06846     1.06846     1.06845     1.06845     1.06843

Flow Coefficient                 -             1.06219     1.06212     1.06203     1.06181     1.06153     1.06072

Validity                         -               VALID       VALID       VALID       VALID       VALID       VALID

@1750 M  FW after FW Pumps       kg/s           118.02      112.67      106.55       94.10       81.24       56.59

@0900=(@1750-@2310)/@2310*100

@1750 M  FW after FW Pumps       kg/s           118.02      112.67      106.55       94.10       81.24       56.59

@2310 M  FW Boiler Total         kg/s           114.88      109.69      103.79       91.53       79.18       55.53

@0900 X  Dev. FW Meas->Balance   %                2.73        2.72        2.66        2.81        2.60        1.90
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FLOW CALCULATION ACCORDING ISO 5167-2003

Fluid type                       Water

Element type                     ISO 5167 Long Radius Nozzle

Pipe diameter                    mm       61.4

Orifice diameter                 mm       37.4

Pipe Material                    -        VDI 2040 - Steel I; 1.0425; H II;

Orifice Material                 -        PTC Carbon Steel (<3 Cr);

Corr factor pipe roughness       -        1

Corr factor edge sharpness       -        1

Flow Factor                      -        0

ASME Extrapolation               -        No

@1761 P  HP Spray 1 Boiler       bar(a)          168.7       215.8       219.9       229.7       240.1       243.9

@1762 T  HP Spray 1 Boiler       °C              178.3       176.5       174.7       170.0       165.4       152.6

@0105 dP HP Spray Water 1        mbar                0           0           0           0           0           0

Density                          kg/m3          898.94      903.59      905.61      910.76      915.73      927.67

Dynamic Viscosity                uPas            155.5       158.3       160.1       165.0       170.0       185.0

Corrected Pipe Diameter          mm              61.53       61.53       61.53       61.52       61.52       61.51

Corrected Orifce Diameter        mm              37.47       37.47       37.47       37.47       37.47       37.46

Diameter Ratio                   -             0.60901     0.60901     0.60901     0.60901     0.60901     0.60902

Reynolds Number D                -                   0           0           0           0           0           0

Reynolds Number d                -                   0           0           0           0           0           0

Discharge Coefficient            -                   0           0           0           0           0           0

Velocity of Approach Factor      -             1.07680     1.07680     1.07680     1.07680     1.07680     1.07681

Flow Coefficient                 -                   0           0           0           0           0           0

Validity                         -               VALID       VALID       VALID       VALID       VALID       VALID

@1760 M  HP Spray 1 Boiler       kg/s                0           0           0           0           0           0

FLOW CALCULATION ACCORDING ISO 5167-2003

Fluid type                       Water

Element type                     ISO 5167 Long Radius Nozzle

Pipe diameter                    mm       40.2

Orifice diameter                 mm       26.76

Pipe Material                    -        VDI 2040 - Steel I; 1.0425; H II;

Orifice Material                 -        PTC Carbon Steel (<3 Cr);

Corr factor pipe roughness       -        1

Corr factor edge sharpness       -        1

Flow Factor                      -        0

ASME Extrapolation               -        No

@1771 P  HP Spray 2 Boiler       bar(a)          168.7       215.7       219.7       229.6       240.0       243.8

@1772 T  HP Spray 2 Boiler       °C              178.3       176.5       174.7       170.0       165.4       152.6

@0115 dP HP Spray Water 2        mbar                0       18.85       63.47       8.202       39.95       18.16

Density                          kg/m3          898.94      903.58      905.60      910.75      915.72      927.67

Dynamic Viscosity                uPas            155.5       158.3       160.1       165.0       170.0       185.0

Corrected Pipe Diameter          mm              40.28       40.28       40.28       40.28       40.28       40.27

Corrected Orifce Diameter        mm              26.81       26.81       26.81       26.81       26.81       26.80

Diameter Ratio                   -             0.66555     0.66555     0.66555     0.66555     0.66556     0.66556

Reynolds Number D                -                   0      228630      416508      144887      312531      194307

Reynolds Number d                -                   0      343519      625809      217694      469579      291945

Discharge Coefficient            -                   0     0.98536     0.98825     0.98250     0.98697     0.98441

Velocity of Approach Factor      -             1.11540     1.11540     1.11540     1.11540     1.11540     1.11541

Flow Coefficient                 -                   0     1.09906     1.10229     1.09588     1.10087     1.09802

Validity                         -                  D<          D<          D<          D<          D<          D<

@1770 M  HP Spray 2 Boiler       kg/s                0       1.145       2.110       0.756       1.681       1.137
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FLOW CALCULATION ACCORDING ISO 5167-2003

Fluid type                       Water

Element type                     ISO 5167 Long Radius Nozzle

Pipe diameter                    mm       44.5

Orifice diameter                 mm       27.24

Pipe Material                    -        PTC Carbon Steel (<3 Cr);

Orifice Material                 -        PTC Austenitic Stainless Steel;

Corr factor pipe roughness       -        1

Corr factor edge sharpness       -        1

Flow Factor                      -        0

ASME Extrapolation               -        No

@1801 P  RH Spray Boiler         bar(a)          73.86       75.95       77.22       80.41       83.11       82.98

@1802 T  RH Spray Boiler         °C              175.6       173.5       171.4       127.3       114.0       148.3

@0110 dP RH Spray Water          mbar            78.06       30.91       19.83           0           0       3.899

Density                          kg/m3          895.82      898.09      900.34      941.06      951.83      922.94

Dynamic Viscosity                uPas            155.7       157.8       159.9       219.8       247.4       186.7

Corrected Pipe Diameter          mm              44.58       44.58       44.58       44.56       44.55       44.57

Corrected Orifce Diameter        mm              27.31       27.31       27.31       27.29       27.28       27.30

Diameter Ratio                   -             0.61262     0.61261     0.61260     0.61248     0.61244     0.61254

Reynolds Number D                -              428566      265980      210220           0           0       80210

Reynolds Number d                -              699567      434175      343158           0           0      130948

Discharge Coefficient            -             0.98869     0.98659     0.98535           0           0     0.97845

Velocity of Approach Factor      -             1.07886     1.07886     1.07885     1.07878     1.07876     1.07882

Flow Coefficient                 -             1.06666     1.06439     1.06305           0           0     1.05557

Validity                         -                  D<          D<          D<          D<          D<          D<

@1800 M  RH Spray Boiler         kg/s            2.337       1.469       1.177           0           0       0.524

@2000=@1600

@1600 M  Condensate Flow         kg/s            94.88       90.41       85.82       75.38       66.00       47.72

@2000 M  Cond. Deaerator         kg/s            94.88       90.41       85.82       75.38       66.00       47.72

@2100=@2400-@1800-@1760-@1770

@2400 M  FW Deae out             kg/s            117.2       111.2       105.0       91.53       79.18       56.06

@1800 M  RH Spray Boiler         kg/s            2.337       1.469       1.177           0           0       0.524

@1760 M  HP Spray 1 Boiler       kg/s                0           0           0           0           0           0

@1770 M  HP Spray 2 Boiler       kg/s                0       1.145       2.110       0.756       1.681       1.137

@2100 M  FW HP FWH I             kg/s            114.9       108.5       101.7       90.77       77.50       54.40

REM Deaerator In: Steam

@2400=@2000+@1300+@1400

@2000 M  Cond. Deaerator         kg/s            94.88       90.41       85.82       75.38       66.00       47.72

@1300 M  Drain HP FWH I          kg/s            16.58       15.38       14.10       11.90       9.587       5.911

@1400 M  ST Deaerator            kg/s            5.756       5.372       5.046       4.245       3.590       2.423

@2400 M  FW Deae out             kg/s            117.2       111.2       105.0       91.53       79.18       56.06

@1403=HPT(@1401,@1402,1)

@1401 P  ST Deaerator            bar(a)          8.710       8.301       7.888       6.928       6.075       4.306

@1402 T  ST Deaerator            °C              356.6       356.6       357.0       353.1       352.6       334.5

@1403 H  ST Deaerator            kJ/kg            3175        3175        3177        3171        3171        3137

@2003=HPT(@2001,@2002,0)

@2001 P  Cond. Deaerator         bar(a)          10.21       9.776       9.339       8.342       7.445       5.625

@2002 T  Cond. Deaerator         °C              136.6       135.2       133.6       129.6       125.5       114.8

@2003 H  Cond. Deaerator         kJ/kg           575.1       569.0       562.2       545.1       527.5       482.0
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@2403=HPT(@2401,@2402,0)

@2401 P  FW Deae out             bar(a)          8.710       8.301       7.888       6.928       6.075       4.306

@2402 T  FW Deae out             °C              173.8       171.7       169.7       164.4       159.2       146.2

@2403 H  FW Deae out             kJ/kg           735.9       726.7       717.9       694.7       672.1       615.9

@1400=1.01*(@2000*(@2403-@2003)+@1300*(@2403-@1303))/(@1403-@2403)

@2000 M  Cond. Deaerator         kg/s            94.88       90.41       85.82       75.38       66.00       47.72

@2403 H  FW Deae out             kJ/kg           735.9       726.7       717.9       694.7       672.1       615.9

@2003 H  Cond. Deaerator         kJ/kg           575.1       569.0       562.2       545.1       527.5       482.0

@1300 M  Drain HP FWH I          kg/s            16.58       15.38       14.10       11.90       9.587       5.911

@1303 H  Drain HP FWH I          kJ/kg           817.8       807.1       794.1       768.4       740.6       673.5

@1403 H  ST Deaerator            kJ/kg            3175        3175        3177        3171        3171        3137

@1400 M  ST Deaerator            kg/s            5.756       5.372       5.046       4.245       3.590       2.423

REM HP FWH I

Preheater($12,$21,$22,$13,$11,@1310,@1311,@1312,@1313,@1314,Actual)

@2100 M  FW HP FWH I             kg/s            114.9       108.5       101.7       90.77       77.50       54.40

@2101 P  FW HP FWH I             bar(a)          213.5       218.8       222.8       232.6       243.0       246.8

@2102 T  FW HP FWH I             °C              178.3       176.5       174.7       170.0       165.4       152.6

@2103 H  FW HP FWH I             kJ/kg           766.5       759.1       751.5       731.9       712.8       658.6

@2200 M  FW HP FWH II            kg/s            114.9       108.5       101.7       90.77       77.50       54.40

@2201 P  FW HP FWH II            bar(a)          184.7       179.8       176.6       170.9       165.3       160.1

@2202 T  FW HP FWH II            °C              215.6       213.3       210.9       204.5       198.3       182.2

@2203 H  FW HP FWH II            kJ/kg           928.9       918.6       907.6       879.0       851.3       780.6

@1200 M  ST HP FWH I             kg/s            8.306       7.688       7.016       5.875       4.699       2.884

@1201 P  ST HP FWH I             bar(a)          21.73       20.70       19.66       17.23       15.09       10.62

@1202 T  ST HP FWH I             °C              273.5       270.1       266.8       257.9       248.9       224.7

@1203 H  ST HP FWH I             kJ/kg            2955        2951        2947        2934        2921        2884

@1300 M  Drain HP FWH I          kg/s            16.58       15.38       14.10       11.90       9.587       5.911

@1301 P  Drain HP FWH I          bar(a)          21.73       20.70       19.66       17.23       15.09       10.62

@1302 T  Drain HP FWH I          °C              192.2       189.8       186.9       181.1       174.8       159.5

@1303 H  Drain HP FWH I          kJ/kg           817.8       807.1       794.1       768.4       740.6       673.5

@1100 M  Drain HP FWH II         kg/s            8.275       7.692       7.087       6.028       4.888       3.028

@1101 P  Drain HP FWH II         bar(a)          39.15       37.21       35.25       30.83       26.81       18.65

@1102 T  Drain HP FWH II         °C              221.1       218.6       215.9       209.1       202.0       184.3

@1103 H  Drain HP FWH II         kJ/kg           949.1       937.6       925.2       894.0       861.8       782.6

@1313 Q Heat Transfer HP FWH I   kW              18656       17312       15871       13348       10731        6637

@1314 Q Heat Loss HP FWH I       kW              186.6       173.1       158.7       133.5       107.3       66.37

@1310  Ka Con. HP FWH I          kW/K             1135        1101        1059       974.8       867.3       633.6

@1311  Ka Sub. Cool. HP FWH I    kW/K            88.71       84.17       81.62       70.81       61.41       42.07

@1312  P. Loss Factor HP FWH I   -               1.968       2.991       4.049       6.821       11.85       27.17

REM HP FWH II
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Preheater($10,$22,$35,$11,$00,@1110,@1111,@1112,@1113,@1114,Actual)

@2200 M  FW HP FWH II            kg/s            114.9       108.5       101.7       90.77       77.50       54.40

@2201 P  FW HP FWH II            bar(a)          184.7       179.8       176.6       170.9       165.3       160.1

@2202 T  FW HP FWH II            °C              215.6       213.3       210.9       204.5       198.3       182.2

@2203 H  FW HP FWH II            kJ/kg           928.9       918.6       907.6       879.0       851.3       780.6

@3500 M  FW HP Sub Heater        kg/s            114.9       108.5       101.7       90.77       77.50       54.40

@3501 P  FW HP Sub Heater        bar(a)          184.7       179.8       176.6       170.9       165.3       160.1

@3502 T  FW HP Sub Heater        °C              249.1       246.4       243.7       236.3       229.0       210.2

@3503 H  FW HP Sub Heater        kJ/kg            1082        1069        1057        1022       988.8       903.9

@1000 M  ST HP FWH II            kg/s            8.275       7.692       7.087       6.028       4.888       3.028

@1001 P  ST HP FWH II            bar(a)          39.15       37.21       35.25       30.83       26.81       18.65

@1002 T  ST HP FWH II            °C              351.0       345.3       342.9       334.1       324.7       296.4

@1003 H  ST HP FWH II            kJ/kg            3098        3088        3087        3076        3064        3020

@1100 M  Drain HP FWH II         kg/s            8.275       7.692       7.087       6.028       4.888       3.028

@1101 P  Drain HP FWH II         bar(a)          39.15       37.21       35.25       30.83       26.81       18.65

@1102 T  Drain HP FWH II         °C              221.1       218.6       215.9       209.1       202.0       184.3

@1103 H  Drain HP FWH II         kJ/kg           949.1       937.6       925.2       894.0       861.8       782.6

@1113 Q  Heat Transf.HP FWH II   kW              17604       16380       15169       13025       10658        6707

@1114 Q  Heat Loss HP FWH II     kW              176.0       163.8       151.7       130.2       106.6       67.07

@1110 kA Con. HP FWH II          kW/K             1011        1000       987.7       925.2       859.7       681.1

@1111 kA Sub. Cool. HP FWH II    kW/K            73.58       68.79       64.16       55.20       48.20       35.77

@1112 P  Loss Factor HP FWH II   -                   0           0           0           0           0           0

REM Total Feed Water to Boiler (including HP Spray Waters)

@2310=@2400-@1800

@2400 M  FW Deae out             kg/s            117.2       111.2       105.0       91.53       79.18       56.06

@1800 M  RH Spray Boiler         kg/s            2.337       1.469       1.177           0           0       0.524

@2310 M  FW Boiler Total         kg/s           114.88      109.69      103.79       91.53       79.18       55.53

@2311=@2310*3.6

@2310 M  FW Boiler Total         kg/s           114.88      109.69      103.79       91.53       79.18       55.53

@2311 M  FW Boiler Total         t/h             413.6       394.9       373.6       329.5       285.0       199.9

REM
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Performance Test Norgener Unit#1 and Unit#2 conducted in 2015

AES Gener Norgener, Chile

Standards and References used for Property Calculations as needed:

Steam Library       : IFC 1997

Flue Gas Library    : PTC 4.4 - 2008 (No dissociation included)

Dry Air Composition : PTC 4.4 - 2008

TestNumber                                     100%-HR      95%-HR      90%-HR      80%-HR      70%-HR     Min%-HR

Load                                            136 MW      129 MW      122 MW      109 MW       95 MW       65 MW

Date                                        12/15/2015  12/16/2015  12/16/2015  12/17/2015  12/17/2015  12/17/2015

Start Time                                  9:00:00 AM  9:00:00 AM 12:45:00 PM  9:30:00 AM  1:00:00 PM  5:00:00 PM

End Time                                   11:00:00 PM 11:00:00 AM  2:45:00 PM 11:30:00 AM  3:00:00 PM  7:00:00 PM

@010 F  Unit#1 in Operation      1/0                 0           0           0           0           0           0

@020 F  Unit#2 in Operation      1/0                 1           1           1           1           1           1

@030 F  Appl.Fuel Corrections    1/0                 0           0           0           0           0           0

@035 F  Max.Power Test           1/0                 0           0           0           0           0           0

@040 F  FW Boiler Meas.Method    1/0                 0           0           0           0           0           0

@050 F  FW Boiler Cond.Method    1/0             1.000       1.000       1.000       1.000       1.000       1.000

@080 P  Barometer                bar(a)        1.00959     1.00947     1.00821     1.00824     1.00705     1.00513

@081 T  Ambient Temp.            °C              20.81       21.49       21.23       20.84       21.37       20.65

@082 X  Rel.Humidity             %               64.82       68.98       63.98       61.61       64.47       74.84

@100 dP HP FW after FW Pumps     mbar           440.88      401.04      357.92      277.85      206.07       98.96

@101 P  HP FW after FW Pumps     bar(a)         213.53      218.77      222.82      232.55      243.01      246.76

@102 T  HP FW after FW Pumps     °C             178.29      176.47      174.69      169.97      165.42      152.56

@105 dP HP Spray 1 W.Boiler      mbar                0           0           0           0           0           0

@106 P  HP Spray 1 W.Boiler      bar(a)         168.69      215.81      219.87      229.65      240.12      243.91

@110 dP RH Spray W.Boiler        mbar            78.06       30.91       19.83           0           0        3.90

@111 P  RH Spray W.Boiler        bar(a)          73.86       75.95       77.22       80.41       83.11       82.98

@112 T  RH Spray 1 at FW Pump    °C             175.75      173.74      171.70      127.30       97.28      130.48

@113 T  RH Spray 2 at FW Pump    °C                  0           0           0           0           0           0

@114 T  RH Spray 3 at FW Pump    °C             175.46      173.35      171.14       97.81      113.97      148.30

@115 dP HP Spray 2 W.Boiler      mbar                0       18.85       63.47        8.20       39.95       18.16

@116 P  HP Spray 2 W.Boiler      bar(a)         168.69      215.71      219.74      229.57      240.02      243.83

@120 P  Extraction HPH#2         bar(a)          39.15       37.21       35.25       30.83       26.81       18.65

@121 T  Extraction HPH#2         °C             351.01      345.34      342.94      334.14      324.67      296.41

@123 T  FW Inlet HPH#2           °C             215.59      213.32      210.91      204.46      198.33      182.23

@124 P  FW Outlet HPH#2          bar(a)         184.71      179.83      176.58      170.85      165.32      160.14

@125 T  FW Outlet HPH#2          °C             249.14      246.40      243.67      236.33      229.03      210.19

@126 T  Drain HPH#2              °C             221.09      218.58      215.87      209.06      202.01      184.29

@127 T  Drain HPH#1              °C             192.25      189.81      186.95      181.08      174.76      159.45

@130 P  HP Steam Outl.Boiler     bar(a)         165.59      162.09      160.40      157.26      154.44      153.56

@131 T  HP Steam Outl.Boiler     °C             540.37      535.12      535.20      536.49      535.79      525.89

@133 P  Cold RH Inl.Boiler       bar(a)          39.08       37.14       35.17       30.75       26.73       18.59

@134 T  Cold RH Inl.Boiler       °C             351.26      345.64      343.07      334.43      324.97      296.96

@135 P  Hot RH Outl.Boiler       bar(a)          35.93       34.12       32.30       28.21       24.52       17.05

@136 T  Hot RH Outl.Boiler       °C             545.61      544.95      545.02      543.05      542.88      511.91

@140 P  FW Inlet Boiler          bar(a)         182.30      177.65      174.60      169.20      163.99      159.25

@141 T  FW Inlet Boiler          °C             256.62      253.90      251.10      243.67      236.26      216.58

@150 T  CW Inlet Cond.(a)        °C              16.45       16.64       17.64       16.65       16.84       16.52

@151 T  CW Inlet Cond.(b)        °C              16.38       16.58       17.58       16.59       16.78       16.45

@201 T  Exh.Inl.Air Heat.Aver.   °C             368.21      363.53      360.33      344.03      335.78      308.49

@203 T  Exh.Outl.Air Heat.Aver   °C             143.52      139.71      143.06      132.39      131.26      127.16

@261 O2 Oxigen Inl.Air Heat.A    vol%,dry         3.11        3.73        3.03        3.58        4.40        5.68

@262 O2 Oxigen Inl.Air Heat.B    vol%,dry         2.96        3.09        4.04        4.02        4.37        5.87

@265 O2 Oxy.Outl.Air Heat.Aver   vol%,dry         6.55        6.69        6.73        7.09        7.50        8.90

@267 CO Outl.Air Heat.Aver.      ppm                 0           0           1           0           1          11

@280 C  Content Coal (Ultim.)    %               59.08       59.26       59.24       59.79       59.01       59.11

@281 H  Content Coal (Ultim.)    %                3.70        3.71        3.71        3.74        3.70        3.67

@282 S  Content Coal (Ultim.)    %                0.41        0.42        0.46        0.44        0.43        0.43

@283 N  Content Coal (Ultim.)    %                0.94        0.95        0.94        1.12        1.18        1.18

@284 O  Content Coal (Ultim.)    %               11.48       11.02       10.98       11.08       11.04       10.98

@285 W  H2O in Coal (Proxim.)    %               18.62       18.98       18.97       18.24       19.08       18.99
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@286 A  Ash in Coal (Proxim.)    %               5.770       5.660       5.700       5.590       5.550       5.620

@287 V  Volatile Coal(Proxim.)   %               32.96       33.00       32.82       33.22       33.41       33.50

@288 C  Fixed Carbon (Proxim.)   %               42.64       42.36       42.51       42.94       41.95       41.88

@290 Ub Unburn.Bottom Ash        %                4.07        4.83        4.41       10.09        7.29       10.26

@291 Ub Unburn.Fly-Ash           %                2.58        3.49        2.30        2.15        0.55        0.46

@295 HHV Value of Coal           kJ/kg           23580       23614       23542       23777       23542       23505

@300 T  Cold Prim.Air            °C              26.13       23.77       27.04       26.05       27.45       26.95

@305 T  Cold Sec.Air A           °C              25.18       22.84       26.10       25.08       26.47       25.95

@306 T  Cold Sec.Air B           °C              25.79       23.49       26.72       25.70       27.11       26.63

@310 T  Hot Prim.Air             °C             342.35      337.33      335.83      319.04      312.18      289.59

@315 T  Hot Sec.Air A            °C             327.02      322.25      321.76      305.51      299.69      279.62

@316 T  Hot Sec.Air B            °C             334.78      330.25      329.40      313.58      307.39      285.61

@320 M  Hot Sec.Airflow A        t/h             120.3       112.2       105.8        97.6        87.5        63.7

@321 M  Hot Sec.Airflow B        t/h             131.5       124.8       117.5       108.7        94.7        61.8

@325 M  Coal Feeder A            t/h             10.51       10.34        9.78       12.36       10.88        7.83

@326 M  Coal Feeder B            t/h             10.62       10.45        9.86       12.46       10.97        7.88

@327 M  Coal Feeder C            t/h             14.38       13.39       12.66       14.04       12.38        8.98

@328 M  Coal Feeder D            t/h             14.42       13.41       12.67           0           0           0

@330 M  Prim.Air Mill A          t/h             32.23       32.14       31.68       32.96       32.35       28.73

@331 M  Prim.Air Mill B          t/h             25.93       25.82       25.38       27.23       26.18       24.03

@332 M  Prim.Air Mill C          t/h             29.14       28.53       28.09       28.91       27.93       25.90

@333 M  Prim.Air Mill D          t/h             29.65       29.05       28.60           0           0           0

@340 O2 Inl.Air Heat.A DCS       vol %            2.02        2.02        2.18        2.84        3.27        4.79

@341 O2 Inl.Air Heat.B DCS       vol %            2.62        2.58        2.65        2.63        2.97        4.29

@350 X  Position HP Valves       %                82.3        65.4        63.7        61.1        52.7        36.3

@360 M  Make-Up Water Flow       t/h              4.37        4.91        4.16        5.31        5.10        4.32

@480 D  Pipe Diam.FW-Nozzle      mm             211.80      211.80      211.80      211.80      211.80      211.80

@481 d  Nozzle Diam.FW-Nozzle    mm             125.61      125.61      125.61      125.61      125.61      125.61

@490 M  Eject.Steam Design       kg/s             0.18        0.18        0.18        0.18        0.18        0.18

@500 Pe Power Mill A             kW                295         298         299         296         295         296

@501 Pe Power Mill B             kW                294         295         295         297         293         289

@502 Pe Power Mill C             kW                304         302         304         301         300         293

@503 Pe Power Mill D             kW                296         298         299           0           0           0

@505 Pe Power Recirc.Fan         kW                  0           0           0           0           0           0

@510 M  Unacc. System Leak       kg/s            0.670       0.670       0.670       0.670       0.670       0.670

@511 HHV Coal Standard           kCal/kg        6000.0      6000.0      6000.0      6000.0      6000.0      6000.0

@520 Ym Fuel Eff.Boiler Meas.    %               87.71       87.76       87.75       88.10       88.11       87.84

@525 M  Coal Flow Calc.ASME      kg/h            54946       52331       49808       44012       38804       27973

@530 Pe Gross Pow.Gen (kWh)      kW             136252      129267      122472      108664       95407       65946

@531 Pe Aux. Power (kWh)         kW               9868        9553        9228        8552        8082        7604

@535 A  Aux. Power FGD Ext.      Amp               307         277         253         208         177         153

@540 Pe Ligthing Unit 1          kW                152         152         152         152         152         152

@541 Pe Ligthing Unit 2          kW                152         152         152         152         152         152

@544 Pe Common Users Unit#1      kW                106         106         106         106         106         106

@545 Pe Common Users Unit#2      kW                 57          57          57          57          57          57

@550 Pe Gross Power Gen.         kW             136342      129321      122549      108796       95580       66132

@551 U  Voltage Generator        kV             13.260      13.330      13.333      13.340      13.329      13.329

@552 I  Current Generator        kA              5.870       5.518       5.232       4.642       4.079       2.818

@553 Phi Power Factor            -               0.999       1.000       1.000       1.000       0.998       0.997

@554 Hz Freq.Generator           Hz              50.13       50.16       50.07       50.03       50.13       49.97

@555 S  Rotor Speed              rot/min        3013.6      3015.5      3009.8      3005.4      3010.7      3001.8

@556 MVar Reactive Power Gen.    MVar           -4.038      -0.172       0.501       1.138      -5.090      -4.613

@560 Pe Net Power Unit (kWh)     kW             125479      118877      112468       99499       86803       57998

@600 M  FW Boiler Cond.Method    kg/s           114.88      109.69      103.79       91.53       79.18       55.53
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Performance Test Norgener Unit#1 and Unit#2 conducted in 2015

AES Gener Norgener, Chile

Standards and References used for Property Calculations as needed:

Steam Library       : IFC 1997

Flue Gas Library    : PTC 4.4 - 2008 (No dissociation included)

Dry Air Composition : PTC 4.4 - 2008

TestNumber                                     100%-HR      95%-HR      90%-HR      80%-HR      70%-HR     Min%-HR

Load                                            136 MW      129 MW      122 MW      109 MW       95 MW       65 MW

Date                                        12/15/2015  12/16/2015  12/16/2015  12/17/2015  12/17/2015  12/17/2015

Start Time                                  9:00:00 AM  9:00:00 AM 12:45:00 PM  9:30:00 AM  1:00:00 PM  5:00:00 PM

End Time                                   11:00:00 AM 11:00:00 AM  2:45:00 PM 11:30:00 AM  3:00:00 PM  7:00:00 PM

REM Average Calculations

@1152=Average(@0150,@0151)

@0150 T  CW Inlet Cond.(a)       °C              16.45       16.64       17.64       16.65       16.84       16.52

@0151 T  CW Inlet Cond.(b)       °C              16.38       16.58       17.58       16.59       16.78       16.45

@1152 T  CW Inlet Condenser      °C              16.42       16.61       17.61       16.62       16.81       16.49

@0905=(@0325+@0326+@0327+@0328)/3.6

@0325 M  Coal Feeder A           t/h             10.51       10.34        9.78       12.36       10.88        7.83

@0326 M  Coal Feeder B           t/h             10.62       10.45        9.86       12.46       10.97        7.88

@0327 M  Coal Feeder C           t/h             14.38       13.39       12.66       14.04       12.38        8.98

@0328 M  Coal Feeder D           t/h             14.42       13.41       12.67           0           0           0

@0905 M  Flow Coal Total (DCS)   kg/s            13.87       13.22       12.49       10.79        9.51        6.86

@0911=Average(@0305,@0306)

@0305 T  Cold Sec.Air A          °C              25.18       22.84       26.10       25.08       26.47       25.95

@0306 T  Cold Sec.Air B          °C              25.79       23.49       26.72       25.70       27.11       26.63

@0911 T  Cold Sec.Air Aver.      °C              25.48       23.16       26.41       25.39       26.79       26.29

@0913=Average(@0315,@0316)

@0315 T  Hot Sec.Air A           °C             327.02      322.25      321.76      305.51      299.69      279.62

@0316 T  Hot Sec.Air B           °C             334.78      330.25      329.40      313.58      307.39      285.61

@0913 T  Hot Sec.Air Aver.       °C             330.90      326.25      325.58      309.55      303.54      282.62

@0919=Average(@0261,@0262)

@0261 O2 Oxigen Inl.Air Heat.A   vol%,dry         3.11        3.73        3.03        3.58        4.40        5.68

@0262 O2 Oxigen Inl.Air Heat.B   vol%,dry         2.96        3.09        4.04        4.02        4.37        5.87

@0919 O2 Oxig.Inl.Air Heat.Aver  vol%,dry         3.04        3.41        3.54        3.80        4.39        5.78

@1802=Average(@0112,@0114)

@0112 T  RH Spray 1 at FW Pump   °C             175.75      173.74      171.70      127.30       97.28      130.48

@0114 T  RH Spray 3 at FW Pump   °C             175.46      173.35      171.14       97.81      113.97      148.30

@1802 T  RH Spray Boiler         °C             175.61      173.55      171.42      112.56      105.63      139.39

REM Primairy Air and Secundairy Air

@3020=Sum(@0320,@0321)

@0320 M  Hot Sec.Airflow A       t/h             120.3       112.2       105.8        97.6        87.5        63.7

@0321 M  Hot Sec.Airflow B       t/h             131.5       124.8       117.5       108.7        94.7        61.8

@3020 M  Secundairy Air          t/h             251.8       237.0       223.3       206.3       182.2       125.5

@3010=Sum(@0330,@0331,@0332,@0333)

@0330 M  Prim.Air Mill A         t/h             32.23       32.14       31.68       32.96       32.35       28.73

@0331 M  Prim.Air Mill B         t/h             25.93       25.82       25.38       27.23       26.18       24.03

@0332 M  Prim.Air Mill C         t/h             29.14       28.53       28.09       28.91       27.93       25.90

@0333 M  Prim.Air Mill D         t/h             29.65       29.05       28.60           0           0           0

@3010 M  Primairy Air            t/h             116.9       115.5       113.7       89.10       86.46       78.66

REM Estimated Shaft Power within System Boundary
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@0930=(@0500+@0501+@0502+@0503)*0.95

@0500 Pe Power Mill A            kW                295         298         299         296         295         296

@0501 Pe Power Mill B            kW                294         295         295         297         293         289

@0502 Pe Power Mill C            kW                304         302         304         301         300         293

@0503 Pe Power Mill D            kW                296         298         299           0           0           0

@0930 Pe Power System Boundary   kW               1130        1133        1138         849         844         835

REM Step Up Transformer Losses

@0651=((@0530-@0531)-@0560)/@0530*100

@0530 Pe Gross Pow.Gen (kWh)     kW             136252      129267      122472      108664       95407       65946

@0531 Pe Aux. Power (kWh)        kW               9868        9553        9228        8552        8082        7604

@0560 Pe Net Power Unit (kWh)    kW             125479      118877      112468       99499       86803       57998

@0651 X  Step Up Losses          %                 0.7         0.6         0.6         0.6         0.5         0.5

REM Composition Ambient Air

#20=AirComp(@3001,@3002,@0082)

@3001 P  Ambient Air             bar(a)         1.0096      1.0095      1.0082      1.0082      1.0071      1.0051

@3002 T  Ambient Air             °C              20.81       21.49       21.23       20.84       21.37       20.65

@0082 X  Rel.Humidity            %               64.82       68.98       63.98       61.61       64.47       74.84

@3050 Ar      Ambient Air        mol%            0.922       0.920       0.922       0.922       0.921       0.920

@3051 CO2     Ambient Air        mol%           0.0314      0.0313      0.0314      0.0314      0.0314      0.0313

@3052 N2      Ambient Air        mol%            76.85       76.72       76.83       76.91       76.81       76.67

@3053 O2      Ambient Air        mol%            20.62       20.58       20.61       20.63       20.61       20.57

@3054 H2O     Ambient Air        mol%            1.579       1.752       1.601       1.506       1.629       1.813

@3004=AbsoluteHumidity(@3001,@3002,@0082)

@3001 P  Ambient Air             bar(a)         1.0096      1.0095      1.0082      1.0082      1.0071      1.0051

@3002 T  Ambient Air             °C              20.81       21.49       21.23       20.84       21.37       20.65

@0082 X  Rel.Humidity            %               64.82       68.98       63.98       61.61       64.47       74.84

@3004 X  Abs.Humidity Air        kg/kg         0.00998     0.01109     0.01012     0.00951     0.01030     0.01149

@3005=WetBulb(@3002,@0082,@3001)

@3002 T  Ambient Air             °C              20.81       21.49       21.23       20.84       21.37       20.65

@0082 X  Rel.Humidity            %               64.82       68.98       63.98       61.61       64.47       74.84

@3001 P  Ambient Air             bar(a)         1.0096      1.0095      1.0082      1.0082      1.0071      1.0051

@3005 T  Wet Bulb Temp.          °C              16.50       17.65       16.75       16.09       16.94       17.64

REM Flow Calculations
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FLOW CALCULATION ACCORDING ISO 5167-2003

Fluid type                       Water

Element type                     ISO 5167 Long Radius Nozzle

@0480 D  Pipe Diam.FW-Nozzle     mm             211.80      211.80      211.80      211.80      211.80      211.80

@0481 d  Nozzle Diam.FW-Nozzle   mm             125.61      125.61      125.61      125.61      125.61      125.61

Pipe Material                    -        VDI 2040 - Steel I; 1.0425; H II;

Orifice Material                 -        VDI 2040 - Steel V; 1.4401; X5CrNiMo 17 12 2;

Corr factor pipe roughness       -        1

Corr factor edge sharpness       -        1

Flow Factor                      -        0

ASME Extrapolation               -        No

@1751 P  FW after FW Pumps       bar(a)          213.5       218.8       222.8       232.6       243.0       246.8

@1752 T  FW after FW Pumps       °C              178.3       176.5       174.7       170.0       165.4       152.6

@0100 dP HP FW after FW Pumps    mbar           440.88      401.04      357.92      277.85      206.07       98.96

Density                          kg/m3          901.67      903.79      905.79      910.95      915.87      927.86

Dynamic Viscosity                uPas            156.6       158.4       160.2       165.1       170.0       185.2

Corrected Pipe Diameter          mm             212.25      212.24      212.23      212.22      212.21      212.17

Corrected Orifce Diameter        mm             125.96      125.96      125.95      125.94      125.93      125.90

Diameter Ratio                   -             0.59346     0.59346     0.59346     0.59344     0.59343     0.59340

Reynolds Number D                -             4520482     4266923     3990302     3420817     2866326     1834106

Reynolds Number d                -             7617109     7189912     6723847     5764353     4830084     3090845

Discharge Coefficient            -             0.99413     0.99406     0.99398     0.99378     0.99353     0.99279

Velocity of Approach Factor      -             1.06846     1.06846     1.06846     1.06845     1.06845     1.06843

Flow Coefficient                 -             1.06219     1.06212     1.06203     1.06181     1.06153     1.06072

Validity                         -               VALID       VALID       VALID       VALID       VALID       VALID

@1755 M  FW Boiler Meas.Method   kg/s           118.02      112.68      106.55       94.11       81.23       56.59

@1750=(@0040*@1755+@0050*@1756)/(@0040+@0050)

@0040 F  FW Boiler Meas.Method   1/0                 0           0           0           0           0           0

@1755 M  FW Boiler Meas.Method   kg/s           118.02      112.68      106.55       94.11       81.23       56.59

@0050 F  FW Boiler Cond.Method   1/0             1.000       1.000       1.000       1.000       1.000       1.000

@1756 M  FW Boiler Cond.Method   kg/s           114.88      109.69      103.79       91.53       79.18       55.53

@1750 M  FW after FW Pumps       kg/s           114.88      109.69      103.79       91.53       79.18       55.53
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FLOW CALCULATION ACCORDING ISO 5167-2003

Fluid type                       Water

Element type                     ISO 5167 Long Radius Nozzle

Pipe diameter                    mm       61.4

Orifice diameter                 mm       37.4

Pipe Material                    -        VDI 2040 - Steel I; 1.0425; H II;

Orifice Material                 -        PTC Carbon Steel (<3 Cr);

Corr factor pipe roughness       -        1

Corr factor edge sharpness       -        1

Flow Factor                      -        0

ASME Extrapolation               -        No

@1761 P  HP Spray 1 Boiler       bar(a)          168.7       215.8       219.9       229.7       240.1       243.9

@1762 T  HP Spray 1 Boiler       °C              178.3       176.5       174.7       170.0       165.4       152.6

@0105 dP HP Spray 1 W.Boiler     mbar                0           0           0           0           0           0

Density                          kg/m3          898.95      903.62      905.62      910.78      915.71      927.71

Dynamic Viscosity                uPas            155.6       158.4       160.1       165.0       170.0       185.1

Corrected Pipe Diameter          mm              61.53       61.53       61.53       61.52       61.52       61.51

Corrected Orifce Diameter        mm              37.47       37.47       37.47       37.47       37.47       37.46

Diameter Ratio                   -             0.60901     0.60901     0.60901     0.60901     0.60901     0.60902

Reynolds Number D                -                   0           0           0           0           0           0

Reynolds Number d                -                   0           0           0           0           0           0

Discharge Coefficient            -                   0           0           0           0           0           0

Velocity of Approach Factor      -             1.07680     1.07680     1.07680     1.07680     1.07680     1.07681

Flow Coefficient                 -                   0           0           0           0           0           0

Validity                         -               VALID       VALID       VALID       VALID       VALID       VALID

@1760 M  HP Spray 1 Boiler       kg/s                0           0           0           0           0           0

FLOW CALCULATION ACCORDING ISO 5167-2003

Fluid type                       Water

Element type                     ISO 5167 Long Radius Nozzle

Pipe diameter                    mm       40.2

Orifice diameter                 mm       26.76

Pipe Material                    -        VDI 2040 - Steel I; 1.0425; H II;

Orifice Material                 -        PTC Carbon Steel (<3 Cr);

Corr factor pipe roughness       -        1

Corr factor edge sharpness       -        1

Flow Factor                      -        0

ASME Extrapolation               -        No

@1771 P  HP Spray 2 Boiler       bar(a)          168.7       215.7       219.7       229.6       240.0       243.8

@1772 T  HP Spray 2 Boiler       °C              178.3       176.5       174.7       170.0       165.4       152.6

@0115 dP HP Spray 2 W.Boiler     mbar                0       18.85       63.47        8.20       39.95       18.16

Density                          kg/m3          898.95      903.61      905.61      910.78      915.70      927.71

Dynamic Viscosity                uPas            155.6       158.3       160.1       165.0       170.0       185.1

Corrected Pipe Diameter          mm              40.28       40.28       40.28       40.28       40.28       40.27

Corrected Orifce Diameter        mm              26.81       26.81       26.81       26.81       26.81       26.80

Diameter Ratio                   -             0.66555     0.66555     0.66555     0.66555     0.66556     0.66556

Reynolds Number D                -                   0      228592      416483      144845      312567      194257

Reynolds Number d                -                   0      343464      625772      217631      469633      291868

Discharge Coefficient            -                   0     0.98536     0.98825     0.98250     0.98697     0.98441

Velocity of Approach Factor      -             1.11540     1.11540     1.11540     1.11540     1.11540     1.11541

Flow Coefficient                 -                   0     1.09906     1.10229     1.09588     1.10087     1.09802

Validity                         -                  D<          D<          D<          D<          D<          D<

@1770 M  HP Spray 2 Boiler       kg/s                0        1.15        2.11        0.76        1.68        1.14
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FLOW CALCULATION ACCORDING ISO 5167-2003

Fluid type                       Water

Element type                     ISO 5167 Long Radius Nozzle

Pipe diameter                    mm       44.5

Orifice diameter                 mm       27.24

Pipe Material                    -        VDI 2040 - Steel I; 1.0425; H II;

Orifice Material                 -        PTC Carbon Steel (<3 Cr);

Corr factor pipe roughness       -        1

Corr factor edge sharpness       -        1

Flow Factor                      -        0

ASME Extrapolation               -        No

@1801 P  RH Spray Boiler         bar(a)          73.86       75.95       77.22       80.41       83.11       82.98

@1802 T  RH Spray Boiler         °C             175.61      173.55      171.42      112.56      105.63      139.39

@0110 dP RH Spray W.Boiler       mbar            78.06       30.91       19.83           0           0        3.90

Density                          kg/m3          895.81      898.07      900.32      952.78      958.10      930.91

Dynamic Viscosity                uPas            155.7       157.7       159.9       250.6       268.1       199.5

Corrected Pipe Diameter          mm              44.59       44.59       44.59       44.55       44.55       44.57

Corrected Orifce Diameter        mm              27.29       27.29       27.29       27.27       27.27       27.28

Diameter Ratio                   -             0.61202     0.61202     0.61203     0.61206     0.61206     0.61204

Reynolds Number D                -              427689      265464      209818           0           0       75212

Reynolds Number d                -              698811      433748      342825           0           0      122886

Discharge Coefficient            -             0.98869     0.98658     0.98535           0           0     0.97787

Velocity of Approach Factor      -             1.07852     1.07852     1.07852     1.07854     1.07854     1.07853

Flow Coefficient                 -             1.06632     1.06405     1.06272           0           0     1.05466

Validity                         -                  D<          D<          D<          D<          D<          D<

@1800 M  RH Spray Boiler         kg/s             2.33        1.47        1.17           0           0        0.53

REM HP Heater 6

@1700=@1750-@1760-@1770

@1750 M  FW after FW Pumps       kg/s           114.88      109.69      103.79       91.53       79.18       55.53

@1760 M  HP Spray 1 Boiler       kg/s                0           0           0           0           0           0

@1770 M  HP Spray 2 Boiler       kg/s                0        1.15        2.11        0.76        1.68        1.14

@1700 M  FW Inlet HPH#6          kg/s            114.9       108.5       101.7        90.8        77.5        54.4

Preheater($102,$170,$171,$172,$00,@0800,@0801,@0802,@0803,@0804,Actual)

@1700 M  FW Inlet HPH#6          kg/s            114.9       108.5       101.7        90.8        77.5        54.4

@1701 P  FW Inlet HPH#6          bar(a)          184.7       179.8       176.6       170.9       165.3       160.1

@1702 T  FW Inlet HPH#6          °C              215.6       213.3       210.9       204.5       198.3       182.2

@1703 H  FW Inlet HPH#6          kJ/kg           928.9       918.6       907.7       878.8       851.4       780.7

@1710 M  FW Outlet HPH#6         kg/s           114.88      108.54      101.68       90.77       77.50       54.39

@1711 P  FW Outlet HPH#6         bar(a)          184.7       179.8       176.6       170.9       165.3       160.1

@1712 T  FW Outlet HPH#6         °C              249.1       246.4       243.7       236.3       229.0       210.2

@1713 H  FW Outlet HPH#6         kJ/kg          1082.4      1069.5      1056.7      1022.6       989.0       903.8

@1020 M  Extraction HPH#6        kg/s            8.246       7.654       7.043       6.011       4.865       3.008

@1021 P  Extraction HPH#6        bar(a)          39.15       37.21       35.25       30.83       26.81       18.65

@1022 T  Extraction HPH#6        °C              351.0       345.3       342.9       334.1       324.7       296.4

@1023 H  Extraction HPH#6        kJ/kg          3097.8      3088.3      3087.1      3076.4      3063.8      3019.8

@1720 M  Drain HPH#6             kg/s            8.246       7.654       7.043       6.011       4.865       3.008

@1721 P  Drain HPH#6             bar(a)          39.15       37.21       35.25       30.83       26.81       18.65

@1722 T  Drain HPH#6             °C              221.1       218.6       215.9       209.1       202.0       184.3

@1723 H  Drain HPH#6             kJ/kg           949.1       937.5       925.0       893.9       861.9       782.5

@0803 Q  Heat Transfer HP6       kW              17630       16380       15151       13053       10658        6697

@0804 Q  Loss HP6                kW              88.15       81.90       75.75       65.27       53.29       33.48

@0800 kA Preheater HP6           kW/K             1018        1003       987.1       931.5       866.8       682.1

@0801 kA Subcooler HP6           kW/K            73.33       68.57       64.01       55.07       48.07       35.79

@0802 CF Friction Coef HP6       -                   0           0           0           0           0           0

REM HP Steam Flow Outlet Boiler and Hot Reheat Steam Flow Outlet Boiler
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@1000=@1750-@0901-@0902

@1750 M  FW after FW Pumps       kg/s           114.88      109.69      103.79       91.53       79.18       55.53

@0901 M  Leakage Boiler          kg/s            0.268       0.268       0.268       0.268       0.268       0.268

@0902 M  Blow Down Boiler        kg/s                0           0           0           0           0           0

@1000 M  HP Outlet Boiler        kg/s           114.61      109.42      103.52       91.26       78.91       55.26

@1005=@1000*3.6

@1000 M  HP Outlet Boiler        kg/s           114.61      109.42      103.52       91.26       78.91       55.26

@1005 M  HP Outlet Boiler        t/h             412.6       393.9       372.7       328.5       284.1       198.9

@1035=@1000-@1020-@0900-@0490

@1000 M  HP Outlet Boiler        kg/s           114.61      109.42      103.52       91.26       78.91       55.26

@1020 M  Extraction HPH#6        kg/s            8.246       7.654       7.043       6.011       4.865       3.008

@0900 M  Leak HP Turb+Gland St.  kg/s            2.534       2.436       2.323       2.088       1.851       1.393

@0490 M  Eject.Steam Design      kg/s             0.18        0.18        0.18        0.18        0.18        0.18

@1035 M  CRH Inlet Boiler        kg/s           103.65       99.15       93.98       82.98       72.02       50.68

@1040=@1035+@1800

@1035 M  CRH Inlet Boiler        kg/s           103.65       99.15       93.98       82.98       72.02       50.68

@1800 M  RH Spray Boiler         kg/s             2.33        1.47        1.17           0           0        0.53

@1040 M  HRH Outlet Boiler       kg/s           105.99      100.62       95.15       82.98       72.02       51.21

REM Heat Production Boiler

@0830=@1000*@1003-@1650*@1653+@1040*@1043-@1035*@1033-@1760*@1763-@1770*@1773-@1800*@1803

@1000 M  HP Outlet Boiler        kg/s           114.61      109.42      103.52       91.26       78.91       55.26

@1003 H  HP Outlet Boiler        kJ/kg          3406.9      3396.1      3398.2      3405.4      3406.7      3380.0

@1650 M  FW Inlet Boiler         kg/s           114.88      108.54      101.68       90.77       77.50       54.39

@1653 H  FW Inlet Boiler         kJ/kg          1117.7      1104.7      1091.5      1056.6      1022.1       932.4

@1040 M  HRH Outlet Boiler       kg/s           105.99      100.62       95.15       82.98       72.02       51.21

@1043 H  HRH Outlet Boiler       kJ/kg          3554.1      3554.3      3556.2      3555.6      3558.8      3497.5

@1035 M  CRH Inlet Boiler        kg/s           103.65       99.15       93.98       82.98       72.02       50.68

@1033 H  Cold RH Inl.Boiler      kJ/kg          3098.6      3089.2      3087.6      3077.3      3064.7      3021.3

@1760 M  HP Spray 1 Boiler       kg/s                0           0           0           0           0           0

@1763 H  HP Spray 1 Boiler       kJ/kg           764.0       758.8       751.3       731.6       712.7       658.2

@1770 M  HP Spray 2 Boiler       kg/s                0        1.15        2.11        0.76        1.68        1.14

@1773 H  HP Spray 2 Boiler       kJ/kg           764.0       758.8       751.3       731.6       712.7       658.2

@1800 M  RH Spray Boiler         kg/s             2.33        1.47        1.17           0           0        0.53

@1803 H  RH Spray Boiler         kJ/kg           747.2       738.4       729.2       477.9       448.9       591.8

@0830 Q  Boiler Heat Prod.       kJ/s           315833      301067      286586      254021      223998      160985

REM Fuel Efficiency Boiler Corrected

@0950=@0520*(100+(@0952+@0953+@0954+@0955+@0956))/100

@0520 Ym Fuel Eff.Boiler Meas.   %               87.90       87.82       87.86       88.27       88.33       88.04

@0952 Xc Amb.Temp.Corr.Ym        %              -0.035      -0.048      -0.043      -0.036      -0.045      -0.032

@0953 Xc Humidity Corr.Ym        %              -0.002       0.009      -0.001      -0.007       0.001       0.014

@0954 Xc Hydrogen Corr.Ym        %               0.000       0.000       0.000       0.000       0.000       0.000

@0955 Xc Moisture Corr.Ym        %               0.000       0.000       0.000       0.000       0.000       0.000

@0956 Xc Theor.Dry Air           %               0.000       0.000       0.000       0.000       0.000       0.000

@0950 Yc Fuel Eff.Boiler Corr.   %               87.87       87.79       87.82       88.24       88.29       88.03

REM Fuel Consumption Boiler Corrected

@0960=@0830/@0950*100

@0830 Q  Boiler Heat Prod.       kJ/s           315833      301067      286586      254021      223998      160985

@0950 Yc Fuel Eff.Boiler Corr.   %               87.87       87.79       87.82       88.24       88.29       88.03

@0960 Qc Fuel Cons.Corr.Plant    kJ/s           359445      342946      326338      287887      253696      182883

REM Correction as per CDEC-SING Definition
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@0561=@0010*((@0544-(@0544+@0545)/2)+@0540)+@0020*((@0545-(@0545+@0544)/2)+@0541)

@0010 F  Unit#1 in Operation     1/0                 0           0           0           0           0           0

@0544 Pe Common Users Unit#1     kW                106         106         106         106         106         106

@0545 Pe Common Users Unit#2     kW                 57          57          57          57          57          57

@0540 Pe Ligthing Unit 1         kW                152         152         152         152         152         152

@0020 F  Unit#2 in Operation     1/0                 1           1           1           1           1           1

@0541 Pe Ligthing Unit 2         kW                152         152         152         152         152         152

@0561 Pe Aux.Power CEDC-SING     kW                128         128         128         128         128         128

REM Gross Power Plant Corrected and Heat Rate and Efficiency Steam Turbine

@0966=@0530+@0957+@0958

@0530 Pe Gross Pow.Gen (kWh)     kW             136252      129267      122472      108664       95407       65946

@0957 Pe Add.Corr.Pow.Factor     kW               -361        -327        -295        -238        -184         -90

@0958 Pe Add.Corr.CW Temp.       kW               -191        -197         -65        -246        -235        -295

@0966 Pe Gross Power Unit Corr.  kW             135700      128743      122112      108180       94988       65560

@0831=@0830/@0966*3600

@0830 Q  Boiler Heat Prod.       kJ/s           315833      301067      286586      254021      223998      160985

@0966 Pe Gross Power Unit Corr.  kW             135700      128743      122112      108180       94988       65560

@0831 HR Gross ST System         kJ/kWh         8378.8      8418.7      8448.9      8453.3      8489.4      8839.9

@0832=360000/@0831

@0831 HR Gross ST System         kJ/kWh         8378.8      8418.7      8448.9      8453.3      8489.4      8839.9

@0832 Y  Eff. Gross ST System    %               42.97       42.76       42.61       42.59       42.41       40.72

@0965=@0560+@0561+@0957+@0958

@0560 Pe Net Power Unit (kWh)    kW             125479      118877      112468       99499       86803       57998

@0561 Pe Aux.Power CEDC-SING     kW                128         128         128         128         128         128

@0957 Pe Add.Corr.Pow.Factor     kW               -361        -327        -295        -238        -184         -90

@0958 Pe Add.Corr.CW Temp.       kW               -191        -197         -65        -246        -235        -295

@0965 Pe Net Power Unit Corr.    kW             125055      118480      112236       99143       86512       57740

@0833=@0830/@0965*3600

@0830 Q  Boiler Heat Prod.       kJ/s           315833      301067      286586      254021      223998      160985

@0965 Pe Net Power Unit Corr.    kW             125055      118480      112236       99143       86512       57740

@0833 HR Net ST System           kJ/kWh         9092.0      9147.9      9192.3      9223.8      9321.2     10037.2

@0834=360000/@0833

@0833 HR Net ST System           kJ/kWh         9092.0      9147.9      9192.3      9223.8      9321.2     10037.2

@0834 Y  Eff. Net ST System      %               39.60       39.35       39.16       39.03       38.62       35.87

REM Net Heat Rate of the Plant Corrected

@0970=@0960/@0965*3600

@0960 Qc Fuel Cons.Corr.Plant    kJ/s           359445      342946      326338      287887      253696      182883

@0965 Pe Net Power Unit Corr.    kW             125055      118480      112236       99143       86512       57740

@0970 HR Net HR Plant Corr.      kJ/kWh          10347       10420       10467       10454       10557       11402

@0971=360000/@0970

@0970 HR Net HR Plant Corr.      kJ/kWh          10347       10420       10467       10454       10557       11402

@0971 Y  Net Eff.Plant Corr.     %               34.79       34.55       34.39       34.44       34.10       31.57

REM Mass Flow of Coal based on HHV as Fired

@0975=@0960/@0295

@0960 Qc Fuel Cons.Corr.Plant    kJ/s           359445      342946      326338      287887      253696      182883

@0295 HHV Value of Coal          kJ/kg           23580       23614       23542       23777       23542       23505

@0975 M  Coal Corr.HHV (Fired)   kg/s            15.24       14.52       13.86       12.11       10.78        7.78
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@0650=(@0975-@0905)/@0975*100

@0975 M  Coal Corr.HHV (Fired)   kg/s            15.24       14.52       13.86       12.11       10.78        7.78

@0905 M  Flow Coal Total (DCS)   kg/s            13.87       13.22       12.49       10.79        9.51        6.86

@0650 X  Dev.Coal Calc->DCS      %                 9.0         9.0         9.9        10.8        11.8        11.9

REM Mass Flow of Coal based on Standard HHV (6000 kCal/kg)

@0976=@0975*@0295/4.1868/@0511

@0975 M  Coal Corr.HHV (Fired)   kg/s            15.24       14.52       13.86       12.11       10.78        7.78

@0295 HHV Value of Coal          kJ/kg           23580       23614       23542       23777       23542       23505

@0511 HHV Coal Standard          kCal/kg        6000.0      6000.0      6000.0      6000.0      6000.0      6000.0

@0976 M  Coal Corr.HHV (6000)    kg/s            14.31       13.65       12.99       11.46       10.10        7.28

REM Net Heat Rate of Plant Corrected to  Standard HHV (6000 kCal/kg)

@0980=@0976/@0965*3.6*10^6

@0976 M  Coal Corr.HHV (6000)    kg/s            14.31       13.65       12.99       11.46       10.10        7.28

@0965 Pe Net Power Unit Corr.    kW             125055      118480      112236       99143       86512       57740

@0980 HR Net Plant Corr.(6000)   g/kWh           411.9       414.8       416.7       416.1       420.2       453.9

REM HP Steam Turbine Isentropic Efficiency

SteamTurbine($100,$00,$103,$00,$00,@0810,@0811,@0812,@0813,Actual,Pi)

Actual Calculation, Internal Power is unknown

@1000 M  HP Outlet Boiler        kg/s           114.61      109.42      103.52       91.26       78.91       55.26

@1001 P  HP Outlet Boiler        bar(a)          165.6       162.1       160.4       157.3       154.4       153.6

@1002 T  HP Outlet Boiler        °C              540.4       535.1       535.2       536.5       535.8       525.9

@1003 H  HP Outlet Boiler        kJ/kg          3406.9      3396.1      3398.2      3405.4      3406.7      3380.0

@1030 M  Cold RH Inl.Boiler      kg/s            114.6       109.4       103.5       91.26       78.91       55.26

@1031 P  Cold RH Inl.Boiler      bar(a)          39.08       37.14       35.17       30.75       26.73       18.59

@1032 T  Cold RH Inl.Boiler      °C              351.3       345.6       343.1       334.4       325.0       297.0

@1033 H  Cold RH Inl.Boiler      kJ/kg          3098.6      3089.2      3087.6      3077.3      3064.7      3021.3

@0813 Pi Power HP                kW              35336       33577       32161       29947       26985       19826

@0812 Q  Loss HP                 kW                  0           0           0           0           0           0

@0811 CT Flow Factor HP          -               1.302       1.263       1.206       1.081       0.948       0.657

@0810 Ys Efficiency HP           %               74.61       73.52       72.50       71.70       70.34       64.78

REM End of Program
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 APPENDIX  G1 
Results ASME PTC 4 Heat Balance Method Test at 100% Load 
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 APPENDIX  G2 
Results ASME PTC 4 Heat Balance Method Test at 95% Load 
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 APPENDIX  G3 
Results ASME PTC 4 Heat Balance Method Test at 90% Load  
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 APPENDIX  G4 
Results ASME PTC 4 Heat Balance Method Test at 80% Load  
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 APPENDIX  G5 
Results ASME PTC 4 Heat Balance Method Test at 70% Load  
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 APPENDIX  G6 
Results ASME PTC 4 Heat Balance Method Test at 47% Load  
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 APPENDIX  H  
Results Uncertainty Calculation 
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UNCERTAINTY CALCULATION NET HEAT RATE NORGENER Unit #2 (as per ASME PTC 19.1)

TestNumber                           100%-HR

Load                                  136 MW

Date                              12/15/2015

Start Time                        9:00:00 AM

End Time                         11:00:00 PM   

        UNCERTAINTY LEVEL

VARIABLE UNITS Bi 2Si UTi Q Ui
2

Ur

@0080 P  Barometer              bar(a)   0.0010 0.0008 0.0013 10.99 0.0002

@0081 T  Ambient Temp.          °C       0.2000 0.4691 0.5100 1.194 0.3706

@0082 X  Rel.Humidity           %        2.5000 1.9770 3.1873 -0.171 0.2979

@0102 T  HP FW after FW Pumps   °C       0.5000 0.1996 0.5384 -0.023 0.0001

@0105 dP HP Spray 1 W.Boiler    mbar     0.0000 0.8233 0.8233 9.899 66.416

@0106 P  HP Spray 1 W.Boiler    bar(a)   0.1687 0.5577 0.5826 0.000 0.0000

@0110 dP RH Spray W.Boiler      mbar     0.1561 5.8164 5.8185 1.384 64.876

@0111 P  RH Spray W.Boiler      bar(a)   0.0739 1.0224 1.0251 0.003 0.0000

@0112 T  RH Spray 1 at FW Pump  °C       0.5000 0.1734 0.5292 -0.224 0.0141

@0114 T  RH Spray 3 at FW Pump  °C       0.5000 0.1821 0.5321 -0.224 0.0143

@0115 dP HP Spray 2 W.Boiler    mbar     0.0000 0.7017 0.7017 0.000 0.0000

@0116 P  HP Spray 2 W.Boiler    bar(a)   0.1687 0.5568 0.5818 0.000 0.0000

@0120 P  Extraction HPH#2       bar(a)   0.0392 0.1563 0.1611 -0.134 0.0005

@0121 T  Extraction HPH#2       °C       0.5000 1.4295 1.5144 0.142 0.0465

@0123 T  FW Inlet HPH#2         °C       0.5000 0.2072 0.5412 3.596 3.7888

@0124 P  FW Outlet HPH#2        bar(a)   0.1847 0.6016 0.6293 0.020 0.0002

@0125 T  FW Outlet HPH#2        °C       0.5000 0.2388 0.5541 -3.769 4.361

@0126 T  Drain HPH#2            °C       0.5000 0.2080 0.5415 -0.264 0.0205

@0130 P  HP Steam Outl.Boiler   bar(a)   0.1656 0.5556 0.5797 -4.227 6.0050

@0131 T  HP Steam Outl.Boiler   °C       1.2000 2.0897 2.4098 10.61 653.96

@0133 P  Cold RH Inl.Boiler     bar(a)   0.0391 0.1580 0.1627 7.859 1.6357

@0134 T  Cold RH Inl.Boiler     °C       0.5000 1.4205 1.5059 -8.446 161.76

@0135 P  Hot RH Outl.Boiler     bar(a)   0.0359 0.1523 0.1565 -3.319 0.2697

@0136 T  Hot RH Outl.Boiler     °C       1.2000 1.4844 1.9088 7.927 228.92

@0140 P  FW Inlet Boiler        bar(a)   0.1823 0.5780 0.6061 -0.018 0.0001

@0141 T  FW Inlet Boiler        °C       0.5000 0.2770 0.5716 -17.94 105.20

@0150 T  CW Inlet Cond.(a)      °C       0.1000 0.5520 0.5610 -3.939 4.8840

@0151 T  CW Inlet Cond.(b)      °C       0.1000 0.5520 0.5610 -3.939 4.8840

@0280 C  Content Coal (Ultim.) % 0.5908 0.1477 0.6090 7.952 23.452

@0281 H  Content Coal (Ultim.) % 0.0041 0.0010 0.0042 4.084 0.0003

@0282 S  Content Coal (Ultim.) % 0.0370 0.0093 0.0381 149.11 32.341

@0283 N  Content Coal (Ultim.) % 0.1862 0.0466 0.1919 11.209 4.6287

@0284 O  Content Coal (Ultim.) % 0.0094 0.0024 0.0097 0.177 0.0000

@0285 W  H2O in Coal (Proxim.) % 0.1148 0.0287 0.1183 -2.138 0.0640

@0286 A  Ash in Coal (Proxim.) % 0.0577 0.0144 0.0595 11.70 0.4841

@0287 V  Volatile Coal(Proxim.) % 0.3296 0.0824 0.3397 0.021 0.0001

@0288 C  Fixed Carbon (Proxim.) % 0.4264 0.1066 0.4395 0.009 0.0000

@0290 Ub Unburn.Bottom Ash % 0.1018 0.0254 0.1049 1.120 0.0138

@0291 Ub Unburn.Fly-Ash % 0.0625 0.0156 0.0644 23.10 2.2154

@0295 HHV Value of Coal kJ/kg 353.70 88.425 364.59 -0.056 410.98

@0520 Ym Fuel Eff.Boiler Meas.  %        0.2549 0.0637 0.2628 -118.2 963.91

@0550 Pe Gross Power Gen.       kW       477.20 750.50 889.4 0.0001 0.0042

@0553 Phi Power Factor          - 0.0035 0.0009 0.004 -4170 225.86

@0560 Pe Net Power Unit (kWh)   kW       439.18 0.0000 439.18 -0.083 1330.4

@1756 M  FW Boiler Cond.Method  kg/s 2.200 0.8350 2.353 88.88 43742

@0910 T  Cold Prim.Air Aver. °C 1.5000 0.6612 1.6393 -1.365 5.0105

@0911 T  Cold Sec.Air Aver. °C 1.5000 0.6455 1.6330 0.000 0.0000

@0912 T  Hot Prim.Air Aver. °C 2.5000 1.8432 3.1060 0.000 0.0000

@0913 T  Hot Sec.Air Aver. °C 2.5000 1.7628 3.0590 0.000 0.0000

@0914 T  Exh.Inl.Air Heat.Aver. °C 2.5000 8.9264 9.2699 0.000 0.0000

@0915 T  Exh.Outl.Air Heat.Aver °C 2.5000 15.883 16.0789 5.447 7671.2

@0919 O2 Oxig.Inl.Air Heat.Aver vol%,dry 0.1520 0.1796 0.2353 -0.486 0.0131

@0920 O2 Oxig.Outl.Air H.Aver. vol%,dry 0.3275 1.1401 1.1862 21.62 657.67

@0921 CO Outl.Air Heat.Aver. ppm 0.0000 0.4601 0.460 0.016 0.000

@1760 M  HP Spray 1 Boiler (methodology) kg/s     0.0031 0.0000 0.0031 12.70 0.0015

@1770 M  HP Spray 2 Boiler (methodology) kg/s     0.0031 0.0000 0.0031 12.70 0.0015

@1800 M  RH Spray Boiler (methodology) kg/s     0.0467 0.0000 0.0467 92.28 18.536

Summation  56397

Abs. Unc. Net Heat Rate kJ/kWh   237.5

Rel. Unc. Net Heat Rate % 2.3
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ABOUT DNV GL 
Driven by our purpose of safeguarding life, property and the environment, DNV GL enables organizations 
to advance the safety and sustainability of their business. We provide classification and technical 
assurance along with software and independent expert advisory services to the maritime, oil and gas, 
and energy industries. We also provide certification services to customers across a wide range of 
industries. Operating in more than 100 countries, our 16,000 professionals are dedicated to helping our 
customers make the world safer, smarter and greener. 
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