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Abstract In this study, acombined cogeneration power plant produced two types of thermal energy and electric or
mechanical power in a singleprocess. The performance of each component of the gas turbine-combined cogeneration
system was expressed as a function of the fuel consumption of the entire system, and the heat and electricity
performance of each component. The entire system consistedof two gas turbines in the upper system, and two heat
recovery steam generators (HRSG), a steam turbine, and two district heat exchangers in the lower system. In the gas
turbine combined cogeneration system, the performance test after 10,000 hours of operation time, which is subject to
an ASME PTC 46 performance test, was carried out by the installation of various experimental facilities. The
performance of the overall output and power plant efficiency was also analyzed. Based on the performance test data,
the test results were compared to confirm the change in performance. This study performed thermodynamic system
analysis of gas turbines, heat recovery steam generators, and steam turbines to obtain the theoretical results. A
comparison was made between the theoretical and actual values of the total heat generation value of the entiresystem
and the heat released to the atmosphere, as well as the theoretical and actual efficiencies of the electrical output and
thermal output. The test results for the performance characteristics of the gas turbine combined cogeneration power
plant were compared with the thermodynamic efficiency characteristics and an error of 0.3% was found.
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Fig. 1. Flow of heat and power in the CHP system
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Table 1. Fuel Composition

CNG specification Value

CH, [mol %] 92334

C,H, [mol %] 4.854

CH, [mol %] 2.047

I-CH,y [mol %] 0.286

n-C,H,, [mol %] 0.300

N, [mol %] 0.164

High Heating Value(HHV) [kJ/kg] 54,717
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Table 2. Performance of theoretical and experimental

values
Devision [kW] Theoretical | Experimental Difference
value value
. Gas turbine inlet
251,562 251,562 -
Qe calories ” ?
et Gas Turbine 81,212 80,536 V676
production output
Qet - | HRSG Inlet 170,350 171876|  A1,526
Wt calories
(o | Chimney exhaust 35,723 35,495 V28
heat
. Producing heat for
A
@dh district heating 8,812 8,859 47
One | Steam turbine 125,815 126,672 V857
inlet calories
g | Steam Turbine 31,923 31,677 V246
production output
@hr - | Bmission sto 93,892 95010|  AL1I8
Wst air heat

300,000

Theory value, 251,562
—+— Experiment value

250,000 251,562 «+ek+= Theory value

200,000
Theory value, 170,350

150,000
Theory value, 125,815
A 126,672

Power (kW)

Theory value, 93,892

100,000 95,010

50,000 Theory valugf31,923

81,677

Gas
turbine

Gas
Turbine
production
output

HRSG Inlet Chimney Producing  Steam
calories  exhaust heat for  turbine
heat  district

heating

Stesm  Emissions
Turbine to air heat
inket
calories

inlet
calories

production
output

Fig. 4. Performance graph of theoretical and experimental
values
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Table 3. Comparing of product and out heat

Devision [K¥] Theoretical | Experimental Difference
value value
. Heat at gas
Qgt turbine inlet 251,562 251,562 -
The total
Qproduct amount of 121,947 121,072 V875
heat produced
The total a
Qout mount of heat 129,615 130,490 £890
exhausted

Table 4= A71&% 2 A& g 282 Vel
W AoR oj&ghdt AA s waste] YRS
Ha A3} DA CHP BAE &9 o] Z3he 48.48%, 2
PREE 48.14%= AA ko] o] 2FhETE 0.34% SHAl
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0.34% =A YebS & F vk &9 244+ 0.34%

g Hola gt

Table 4. Theoretical and experimental efficiencies

Devision [%] Theoretical | Experimental Difference
value value
nat Gas turbm.e electrical 3298 3201 027
efficiency
District heating
ndh . 3.51 3.54 A0.03
efficiency
nst | | lectric steam 12,69 1250 vo.l
turbine efficiency
chp | Full production 48.48 4814 v034
fehp efficiency CHP ) ) )
nout | P OV::S release 51.52 5186|2034
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Fig. 5. Theoretical and experimental heat flux
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