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Performance Evaluation of Micro Gas Turbine
Cogeneration System at Sewage Treatment Plant
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This study shows an impact and a basic performance analysis of micro gas turbine (MGT)
cogeneration system (CGS) in the sewage treatment facility under various temperature conditions.
The results show that, in either temperature condition, by only using biogas produced from the
facility as a fuel and methane hydrate storage method as solution for the unbalance of biogas
produced, MGT-CGS is sufficiently capable to cover all the total heat demand of the facility. On the
biogas utilization and economic point of views, MGT-CGS is effective in either temperature condi-
tions but the effectiveness is decreasing when the ambient temperature condition is increasing. It is
most effective in cold temperature condition with almost 1009 of the biogas is utilized, whereas in
high temperature condition due to low heat demand, comparing to the conventional system approxi-
mately only 42~799% of unutilized biogas is decreased. While adopting an actual data as a part of
the calculation procedure, results of the impact and performance analysis are shown in the paper.
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Fig.4  Schematic diagram of the model digester tank

Table 1 Standard specifications of the model digester tank
Population covered [people] 100000
Minimum Maximum Average

Wastewater amount  [m®/day]| 38947 75138 51224
Sludge amount [m?/day] 185 316 246
Biogas production [m?/day] 3414 4954 4257
Sludge inlet temperature

Kitami [C1 9.3 18.6 14.2
Tokyo [C] 17.1 27.6 21.7

Naha [C] 232 29.8 26.8

Table 2 Parameters used to calculate heat demand of facilities

Overall Overall Heat transfer Overall Heat transfer
volume wall area coe. of wall window area coe. of window

(m?3)] im?] [Wi(m 2K)] [m?) [W/(m 2K)]
Digester tank A 3003 1115 247
Digester tank B 1716 816 2.30
Admin. building 2773 1998 4.11 82 3.61
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Table3  Standard specifications of the CGS
Cogeneration system
MGT
Rated input fuel heat 126.9 kW
Rated output power 28+1 kW
" Rated speed 96,000 rpm
Rated electrical efficiency 0.22 £0.01

Rated air mass flow 0.31kg/s
Pressure ratio 3.4
Turbine & compressor efficiency 0.76 -
Recuperator efficiency 0.74
Turbine exit temperature 866 K
Exhaust temperature 548 K
EHE .
Exhaust heat exchanger 1-Shell and 2-tube exchanger
Effectiveness of exhaust heat exchanger 0.85
Coolant fluid flow rate 0.076 m*/min
Coolant input-output temperature 80-90 °C
Heat recovery - 54 kW

Qexe = mair (hexe - hcir) (3)
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K-type
thermo couple
Gas inlet and
pressure transducer

Experiment

Storage ambient temperature [C] 0

Gas composition Methane

Mean diameter of ice particle [mm] 1.0~2.0

Ice density [kg/m3] 690

Absorption methane volume [cm-gas/25g-ice] 3646
[m?/kg] 0.147)

Fig.5  Figure regarding experiment and simulation of

methane hydrate

Table4  Production equipments for methane hydrate

formation(assumed)
Specification
Ice crusher Company A
Power consumption [kW] 13.6
Ice-crushing capacity [t/day] 10.0
Ice maker Company B
Power consumption [kW] 225
Ice-making capacity [t/day] 43
Compressor Company C
Power consumption [kW] 75
Max output pressure [MPa] 8.2
Max flow [m®/h] 20.0
Refrigerator Company D
Room temperature range ] -5~15
Cooling capacity (kW] 12.6
Power consumption kW] 6.9
copP 1.8
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Fig. 6 Monthly operation units of MGT for every temperature condition
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Fig. 7 Relation of heat demand, recovered heat from CGS and biogas heat energy in the facility for every temperature condition
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Fig.8 Impact of MGT-CGS to the facility for every temperature condition
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