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Power Generation Efficiency Model for Performance Monitoring of
Combined Heat and Power Plant
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ABSTRACT : The performance monitoring system in the power plant should have the capability to estimate
power generation efficiency accurately. Several power generation efficiency models have been proposed for
the combined heat and power (CHP) plant which produces both electricity and process steam(or heating
energy, hereinafter expressed by process steam only). However, most of the models are not sufficiently
accurate due to the wrong evaluation of the process steam value. The study suggests Electricity Conversion
Efficiency (ECE) model with determination of the heat rate of process steam using operational data, The
suggested method is applied to the design data and the resulted trajectory curve of power generation
efficiency meets the data closely with R2 99.91%. This result confirms that ECE model with determination of
the model coefficient using the operational data estimate the efficiency so accurately that can be used for
performance monitoring of CHP plant,
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Fig. 1 CHP classification
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Table 1 Case study design data of 100MW combined heat and power plant (CHP)

: Heat input Electricly Main steam Process steam
Design No. MW MW Press, Press
bar bar
S1 262.6 104.6 330.0 128.0 538.0 45.0 13.0 210.0
P1 262.1 114.4 330.0 128.0 538.0 0.0 - -
S2 250.9 100.0 312.8 128.0 538.0 45.0 13.0 210.0
S3 195.1 75.0 235.1 128.0 538.0 45.0 13.0 210.0
p2 227.9 100.0 279.7 128.0 538.0 0.0 - -
P3 173.9 75.0 206.7 128.0 538.0 0.0 - -
P4 122.9 50.0 145.9 128.0 538.0 0.0 - -
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Table 2 Calculation of power generation efficiency for case study design data

St 53.0 459 46.4 454 429 43.6
P1 43.7 43.7 43.7 43.7 43.7 43.6
S2 53.7 46.2 46.8 45.6 431 43.9
S3 56.2 46.7 47.3 459 42.6 43.6
p2 43.9 43.9 43.9 43.9 43.9 43.9
P3 431 431 431 431 431 43.1
P4 40.7 40.7 40.7 40.7 40.7 40.7
Max 56.2 46.7 47.3 45.9 43.8 43.9
Mini 40.7 40.7 40.7 40.7 40.6 40.7
Max—Mini 15.5 6.1 6.6 52 3.2 3.2
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Table 3 R? of power generation efficiency trajectory curve

Efficiency model name Converted load, MW R2of2ndordertrajectorycurve, %
Thermal P+Q 57.14
Effective electric P 62.38
PURPA P+05Q 60.00
Modified exergy 1 P+EQ+0.12(Q-EQ) 72.68
Modified exergy 2 P+0.7EQ 86.85
Electricity conversion P+0.29Q 99.91
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Fig. 2 Trajectory curves of power generation efficiency applied to case study design data
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