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Abstract  

 

This work presents the performance assessment of two industrial gas turbine power plants. The plants are GE M5001 gas 

turbine and BBC M05864 gas turbine, all operated in Rivers state, Nigeria. The international standard organization (ISO) 

rating, average operating field data and calculated results of the gas turbine performance parameters were compared. The 

first law analysis was employed for the calculations, where the exhaust gas temperatures, net power outputs and the 

thermal efficiencies were estimated. The calculations were done using the pressure ratios obtained from the field for the 

M5001 turbine, while the ISO value was used for the M05864 turbine. The maximum and minimum power generated as 

obtained from the field during the period of study are 20.37MW and 19.15MW respectively, obtained at pressure ratios 

of 8.33 and 7.87 respectively, while the corresponding calculated values are 24.44 MW and 24.17 MW respectively for 

the M5001 turbine. The corresponding thermal efficiency values calculated are 27.09% and 26.79% respectively. The 

ISO rating of the turbine is 26.84 MW, the thermal efficiency is 28.4% while the pressure ratio is 10.5. For the M05864 

turbine, the ISO pressure ratio of 9.55 was used for the calculations. The calculated power output is 50.196 MW as 

against the field value of 50 MW. The ISO rating is much higher at 65 MW. There is thus no much difference in the net 

power output between the field data and the calculated value for the M05864 turbine, but there is significant difference in 

this parameter for the M5001 turbine. The ISO values are generally higher because the real engines operate at higher 

ambient temperatures. The comparisons between the calculated values and the field results reveal how well the engines 

are being operated. 
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INTRODUCTION 
The gas turbine is an internal combustion 

engine and has three basic components which are 

compressor (C), combustion chamber (CC) and turbine. 

The ambient atmospheric air which is the working fluid 

of the gas turbine is drawn into the circuit continuously 

and compressed by the compressor. Gas turbine power 

plants plays a key role to meet the need of power 

generation [1]. The gas turbine power plants among 

different kinds of power plants for power generation 

gains more attention due to its low capital cost to power 

ratio, high flexibility, high reliability without 

complexity, compactness, early commissioning and 

commercial operation and fast starting–accelerating and 

quick shut down [1]. Generation of power depends on 

the sufficiently available energy source in a particular 

region. Nigeria has the world’s ninth proven gas 

reserves (~180,105bscf) [2]. Hence, gas is the primary 

energy source for power generation in Nigeria. 25 grid-

connected power plants located largely in the Niger 

Delta region has 85% of installed capacity generated by 

gas thermal power plants (22) and the remaining 15% is 

generated by hydroelectric power plants (3). The plants 

are run by generation companies including those 

formerly under the Power Holding Company of Nigeria 

(PHCN), National Integrated Power Project (NIPP) and 

Independent Power Producers (IPPs). 

 

Noting the need for substantial power 

generation, power plant performance assessment is 

necessary to understand accurately the operation of the 

various units [3]. Gas turbine operates efficiently when 

working under its engine design points (International 

Organization of Standardization, ISO conditions) 

configurations and at various component optimum 

performance levels [4]. This paper compares the ISO 

rating of gas turbine and the average operating data of 

gas turbine over a period of 90 days (July to September 

2019). This exercise is carried out in this research using 

the General Electric (GE) M5001 model of a gas 

turbine at the Trans-Amadi power station, and Brown 

Boveri Company (BBC)  M05864 model of a gas 

turbine at the Afam power station, both in the Niger 
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Delta region of Nigeria. The study is centered on the 

energetic analysis of the gas turbine. 

 

Many researchers have looked at gas turbine 

performance and factors affecting engine performance 

[5, 6]. The performance evaluation of gas turbine power 

plant in order to ascertain its suitability as option for 

power generation in the region has been studied [7]. 

The limitation and possible solution to the optimum 

performance of gas turbine has also been studied [1, 8-

11]. Using energy and exergy analysis the performance 

of gas turbine was analyzed [12]. The variation of 

engine operating conditions on performance parameters 

was also studied in Reference [13] and results similar to 

those of related works were obtained. It was observed 

that gas turbine plant losses 0.1% of its thermal 

efficiency and 1.47MW of its total power output when 

ambient temperature increases by 1 K above ISO 

condition [10]. Many other authors have carried out 

performance analysis based on operating parameter of 

gas turbine and the variation from the ISO parameters 

[14, 15]. Although, there are several works on 

performance assessment of gas turbine power plants, 

but such analysis has not been extended to the plants 

used as a case studies viz-a-viz comparing the results of 

the operating data and ISO parameters. 

 

METHODOLOGY 
Engineering performance analysis of the 

simple cycle plant based on the first law of 

thermodynamics will be carried out. Operating data 

obtained from the field will be used to calculate the 

thermal efficiency and power output of the gas turbine 

and comparison will be made with the ISO parameters 

of the gas turbine retrieved from the manufacturer’s 

manuals. The performance analysis is simplified with 

the usage of the T-s diagram in Figure 1(a).  

 

 
Fig-1: Temperature-entropy (T-s) and block diagrams of a real GT engine cycle [16] 

 

From the T-s diagram, process 1-2i is the 

isentropic compression, process 1-2a is the actual 

compression, and process 3-4i is isentropic expansion 

while process 3-4a is the actual expansion. The thermal 

efficiency 𝜂th of the cycle is given as, 

𝜂    
 ̇   

 ̇  
  

 ̇    ̇ 

 ̇  
………………. (1) 

 

Where Ẇnet is the net power output of the 

cycle, Ẇt is the turbine power output, Ẇc is the power 

consumed by the compressor and   in is the rate of heat 

input into the cycle. The power consumed by the 

compressor is, 

 ̇   ̇     (       ) ………….. (2) 

 

Where ṁa is the air flow rate, cp,a is the 

specific heat capacity of air, T2a is the actual 

temperature at the compressor exit and T1 is the 

temperature at the inlet of the compressor, assumed to 

be the ambient temperature. T2a relates with the ideal 

temperature at the compressor exit T2i in the form, 

         
       

    
 …………….. (3) 

 

Where ηc,i is the isentropic efficiency of the 

compression process, accounting for the compression 

losses. The value of ηc,i can be obtained from Equation 

(4) based on only the PR [17]. 

𝜂       (      
    

   
) ………. (4) 

 

Where rp is the PR across the turbine. The 

ideal temperature at the compressor exit is given as, 

       (  )
    

   ………………… (5) 

 

Where    is the ratio of specific heat capacities 

of air. The power produced by the turbine is given by 

Equation (6), 

 ̇   ̇     (       ) ………… (6) 

 

Where cp,g is the specific heat capacity of the 

flue gases and T4a is the actual temperature of the gases 

at the turbine exit. T4a relates with the ideal temperature 

at the turbine exit T4i in the form, 

        𝜂   (       ) ………………. (7) 

 

Where ηt,i is the isentropic efficiency of the 

expansion process, accounting for the expansion losses. 
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The value of ηt,i can be obtained from Equation (8) 

based on only the PR [17], 

𝜂       (      
    

   
) ………..(8) 

 

The ideal temperature at the turbine exit is given as, 

       (   )

     

   ……………….. (9) 

 

Where rp’ is the turbine PR and    is the ratio 

of the specific heat capacity of the flue gases, taken as 

1.33 in this work. The heat input into the cycle     

comes from the burning of the fuel, natural gas in this 

case. This is given as, 

      ̇   𝜂   ……………………. (10) 

 

Where ṁf is the mass flow rate of fuel, Hf is the 

lower calorific value of the fuel and ηcc is the 

combustion efficiency. The value of the combustion 

efficiency was assumed to be 98 % in this work. The 

turbine entry temperature, TET (T3) can be estimated by 

considering energy balance in the CC thus, 

 ̇          ̇   𝜂    ( ̇    ̇ )       ……. (11) 

 

By design, part of the air flow is extracted 

towards the end of the combustion process and used for 

cooling the turbine blades. It is assumed that the amount 

of air extracted for blade cooling equals the fuel flow 

rate. When that is considered, the energy balance in the 

CC will be in the form, 

 ̇          ̇   𝜂    (| ̇   ̇ |    ̇ )       

 ̇          ̇   𝜂    ̇        …………….. (12) 

 

 

The turbine entry temperature is thus given as, 

    
 ̇          ̇      

 ̇     
 ……………….. (13) 

The specific heat capacity of the flue gases 

assuming ideal gas mixture in the CC can be expressed 

as, 

                     …………….. (14) 

    
 ̇ 

 ̇ 
 ………………………….….. (15a) 

         …………………….…. (15b) 

 

Where cp,f is the specific heat capacity of the 

fuel, xf and xa are the mass fractions of fuel and air 

respectively and ṁt is the total mass flow rate. ṁt is 

considered to be equal to ṁa since an equivalent of ṁf is 

extracted for blade cooling in the CC outlet. 

 

The specific heat capacity of air can be 

expressed as a function of temperature as [18], 
                                          

              ……….. (16) 

 

The specific heat capacity of fuel (natural gas 

which consists mostly methane) cp,f can be expressed as 

[18], 
      

                                 

             ……………. (17) 

 

Considering the gas mixture in the CC, it can 

be observed that cp,a and cp,f are functions of T3. Hence 

solving for T3 and cp,g involves using iterative method. 

This was carried out in this work using Microsoft Excel 

Solver. 

 

RESULTS AND DISCUSSIONS 
The ISO rating of the gas turbines which were 

retrieved from the manufacturer’s manuals are 

presented in Table-1, where ambient temperature is 

15°C (288K) and the ambient pressure is 1atm 

(1.01325bar).  

 

Table-1: ISO rating of the gas turbines 

Parameter Symbol Unit Value 

M5001 M05864 

Ambient temperature T1 K 288 288 

Compressor outlet temperature T2 K 593 619 

Turbine inlet temperature T3 K 1216 1218 

Turbine outlet temperature T4 K 748 758 

Exhaust gas temperature Texh K 748 758 

Compressor inlet pressure P1 bar 1.01325 1.01325 

Inlet pressure loss Ploss bar 0.004663 n/a 

PR rp - 10.5 9.55 

Mass flow rate of fuel ṁf kg/s 1.84 3.65 

Exhaust gas flow ṁa kg/s 125.2 247 

Efficiency Η % 28.4 n/a 

Power output PO MW 26.83 65 

 

The average field data of the gas turbines for 

period of 90 days (July - September 2019) are presented 

in Table-2. The data was gotten from the monitoring 

chart of the control room in the power stations. Only 

parameters of concerned were taken. Table-3 present 

other basic operating parameters for the analysis of the 

gas turbines of which the percentage pressure loss in the 

CC, the percentage pressure loss in the exhaust and the 

combustion efficiency are assumptions within the 

common practice range of 5, 4.5 and 98 percent 
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respectively. The ambient temperature on the average in 

the region is 27°C (300K) and the lower heating value 

of the fuel is taken to be 49000kJ/kg for M5001 and 

48948.3kJ/kg for M05864. The calculated outputs of 

the gas turbines are presented in Table-4. The PR 

obtained from the field was used for the calculations. 

 

Table-2: Average operating data of the gas turbines 

Parameter Symbol Unit Value  

M5001 M05864 

Jul. Aug. Sept. Jul. – Sept. 

Power output PO MW 19.15 19.61 20.37 50 

Exhaust gas temperature T4 K 756.9 742.5 746.6 728 

Compressor outlet pressure P2 bar 7.97 8.32 8.44 9.67 

 

Table-3: Basic operating parameters of the gas turbines 

Parameter Symbol Unit Value 

M5001 M05864 

Ambient temperature T1 K 300 300 

Ratio of specific heat capacity of air    - 1.4 1.4 

Ratio of specific heat capacity of flue gas    - 1.33 1.33 

Percentage pressure loss in the CC xc % 5 5 

Percentage pressure loss in the exhaust xe % 4.5 4.5 

Combustion efficiency ηcc % 98 98 

Lower heating value of natural gas Hf kJ/kg 49000 48948.3 

 

Table-4: Calculated outputs of the gas turbines 

Parameter Symbol Unit Value  

M5001 M05864 

Jul. Aug. Sept. Jul. – Sept. 

Compressor PR rp - 7.87 8.21 8.33 9.55 

Isentropic efficiency of the compressor ηc,i - 0.9142 0.9119 0.9111 0.903 

Ideal compressor outlet temperature T2i K 540.90 547.47 549.75 571.64 

Actual compressor outlet temperature T2a K 563.51 571.37 574.11 600.82 

Actual power consumed by the compressor Ẇc MW 33.156 34.146 34.489 74.674 

Mass fraction of fuel xf - 0.0147 0.0147 0.0147 0.0148 

Mass fraction of air xa - 0.9853 0.9853 0.9853 0.9852 

Specific heat capacity of compressor outlet gas cp,a kJ/kgK 1.1492 1.1503 1.1506 1.1545 

Specific heat capacity of fuel cp,f kJ/kgK 4.6420 4.6557 4.6605 4.7109 

Specific heat capacity of flue gas cp,g kJ/kgK 1.2005 1.2018 1.2022 1.2071 

Turbine inlet temperature T3 K 1059.56 1065.05 1066.96 1087.51 

Head added into the gas turbine   in MW 88.357 88.357 88.357 175.088 

Combustor outlet pressure P3 bar 7.4765 7.7995 7.9135 9.23 

Turbine outlet pressure P4 bar 1.045 1.045 1.045 1.045 

Turbine PR rp’ - 7.15 7.46 7.57 8.83 

Isentropic efficiency of the turbine ηt,i - 0.9318 0.9299 0.9293 0.9225 

Actual exhaust gas temperature T4a K 738.16 740.11 739.81 720.68 

Actual power produced by the turbine Ẇt MW 57.327 58.522 58.931 124.869 

Net power output Ẇnet MW 24.172 24.376 24.441 50.196 

Thermal efficiency 𝜂th % 27.36 27.58 27.66 28.67 

 

The results show that the compressor PRs for 

July, August and September are 7.87, 8.21 and 8.33 

respectively for M5001 and 9.55 for M05864. The PRs 

impacts on the other parameters of the gas turbines- the 

increase observed in the PRs can also be seen in both 

the ideal and actual compressor outlet temperature and 

the actual power consumed by the compressor. Also, 

the same increase and effect is observed for the turbine 

PRs. The parameters impacted directly are both the 

ideal and actual exhaust gas temperature and actual 

power produced by the turbines. It is also observed that 

the compressor PRs are greater than that of the 

respective turbine PRs which is obtainable due to the 

pressure losses in the turbine. The net power output of 

the gas turbine for each of the three months is 

24.172MW, 24.376MW and 24.441MW respectively 

for M5001 and 50.196MW for M05864. The increase 

observed is obtained from the subsequent effect of the 

PRs which have similar increase. The thermal 

efficiency also experiences same increase which values 
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are 27.36%, 27.58% and 27.66% respectively for 

M5001 and 28.67% for M05864. It is also worthy of 

note that the TET for each month which are 1059.56K, 

1065.05K and 1066.96K respectively for M5001 and 

1087.51K for M05864 are also contributing factor to 

the increase in thermal efficiency. 

 

Table-5 presents a comparison between the 

ISO ratings, the field values and the calculated values of 

some parameters of the gas turbines.  

 

Table-5: Comparison of performance parameters 

Result type M5001 M05864 

 Jul. Aug. Sept. Jul. – Sept. 

PR rp (-) 

ISO rating 10.5 10.5 10.5 9.55 

Field data 7.87 8.21 8.33 9.55 

Calculated output 7.87 8.21 8.33 9.55 

Exhaust gas temperature T4 (K) 

ISO rating 748 748 748 758 

Field data 756.9 742.5 746.6 728 

Calculated output 738.16 740.11 739.81 720.68 

Net power output ẆNET (MW) 

ISO rating 26.83 26.83 26.83 65 

Field data 19.15 19.61 20.37 50 

Calculated output 24.172 24.376 24.441 50.196 

Thermal efficiency 𝜂th (%) 

ISO rating 28.4 28.4 28.4 n/a 

Calculated output 27.36 27.58 27.66 28.67 

n/a= not available. 

 

The comparison involves four parameters – PR 

which is a key input data, exhaust gas temperature, net 

power output and thermal efficiency. There is no field 

data for thermal efficiency, although this could be 

estimated from the power output values and fuel flow 

rate (if provided). Also, there is no thermal efficiency of 

the M05864 turbine at ISO condition as the operators 

could not lay hands on the catalogues of this old engine, 

and the engine model is not available on the net. The 

PR obtained from the field was used for the 

calculations; hence the field values and the 

computations are compared on similar scale. For the 

M05864 model, the PR from the field was not available. 

Thus, the ISO value was used for the computations. 

More appropriate comparison is thus obtained with the 

M5001 turbine. The operating pressure ratios for the 

M5001 turbine for the three months are all lower than 

the ISO value. For the exhaust gas temperature, the 

calculated values are the lowest, followed by the field 

values except for the first month for M5001 turbine 

where the field value is greater than the ISO value. This 

is likely an error from the temperature probes. For fixed 

TET, the exhaust gas temperature will increase with the 

PR, but that is not the case here where more heat input 

occurred at higher PR values as in Table 4. Obviously, 

the turbines in the field go with lower fuel flow rate and 

hence lower TET leading to lower exhaust gas 

temperatures. The ISO rating exhaust gas temperature is 

greater than the respective calculated exhaust gas 

temperature because of the lower pressure ratios 

employed in the calculations. 

 

As the engines in the field operate at lower 

pressures and higher ambient temperatures, the ISO 

rating net power output values are greater than the 

respective calculated as well as field values. Also, net 

power output from the field is less than the 

corresponding calculated value, with more pronounced 

difference observed in the M5001 turbine. The later 

indicates that smaller turbines are more affected by 

ambient conditions. The lower field values indicate that 

the turbines have suffered more losses than those 

assumed for the computations. The power output 

increases with the PR for the three months considered 

for the M5001 turbine. The thermal efficiencies 

calculated are smaller than the ISO value for the M5001 

turbine, and follows similar trend as the net power 

output. Comparing the field and calculated power 

outputs from the two turbines, the M05864 turbine is 

operating better than the M5001 turbine with 

percentage difference between the field and computed 

values of 0.392 % and 19.99% respectively. 

 

CONCLUSIONS 
Performance assessment of industrial gas 

turbines was carried out in this work. The power output 

and thermal efficiency of the gas turbines are strongly 

influenced by the PR, ambient temperature and the 

turbine entry temperature. High PR and high turbine 

inlet temperature produces high power output and 

thermal efficiency. The comparison of performance 

parameters (PR, exhaust gas temperature, power output 

and thermal efficiency) showed the variation between 

the ISO rating, field data and calculated output of the 
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gas turbines. There is no much difference in the net 

power output between the field data and the calculated 

value for the M05864 turbine, but there is significant 

difference in this parameter for the M5001 turbine. This 

implies that the M05864 turbine in the field is operating 

properly, while the M5001 turbine has suffered much 

degradation or losses than those assumed for the 

calculations. There is much difference between the field 

data and the ISO ratings of both plants under study. The 

variation of the field data from the ISO ratings is based 

on the fact that operating conditions differ from design 

condition. Accurate prediction of the performance of 

the real engine in the field is necessary. This will aid in 

the procurement of turbines by not depending on the 

ISO rating but estimated performance parameters. With 

this, the actual power output in the field can be obtained 

and the number of units to be installed to meet the 

power demand requirement can be obtained.  
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