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Abstract 
Thermodynamic assessment of grid-based gas turbine power plants in Nigerian energy utility sector is 
presented based on second law analysis (energy and exergy). The primary objective of this study is to evaluate 
the performance parameters for the turbine plants and identify components of the turbine system that offer 
opportunities for thermodynamic improvement. The performance of the plants were estimated by component-
wise modeling and a comprehensive break-up of energy and exergy losses for the considered plants were 
determined using the daily operating data. Performance analyses based on energetic and exergetic criteria such 
as thermal efficiency, exergy efficiency, exergy destruction rate, efficiency defect and exergetic performance 
coefficient were performed based on these operating data for all the considered plants. The percentage ratio of 
the exergy destruction to the total exergy destruction in the plants was found to be maximum in the combustion 
chamber followed by the turbine, calculated to be between 6.7-7% for compressor, 16.6-18 % for turbine and 74 
and 85% for combustion chamber. The combustion chamber and turbine are the two components found from the 
research to offer opportunity for thermodynamic improvement. However, the results obtained are found to 
provide comprehensive information for which plant performance improvement and optimization can be obtained 
__________________________________________________________________________________________ 
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INTRODUCTION  
The conventional energy resources in Nigeria are fast 
depleting. For example, the estimated reserves of 
natural gas which is an essential domestic source, 
stood at 187 trilion cubic feet in 2008, made up of 
53% associated gas and 47% non associated gas (Oli 
and Gas Buletin, 2009). This estimated reserve is  
projected to decline grossly in the nearest future to an 
economically unviable state if the current level of 
exploration is maintained. The current installed 
capacity of grid electricity is about 70% thermal and 
30% hydropower (Obadote, 2009). Available 
statistics indicating the percentage utilization of the 
installed capacity of electricity supply and index of 
industrial production shows that for example, in the 
decades of 1970s, the installed capacity of electricity 
generation average 1,097.79MW, while the average 
capacity utilization was 35.58 percent. Installed 
capacity improved marginally to about 3,318.83MW 
and only an average of 33.43 percent was actually 
utilized in 1980s (Okafor, 2008). The period from 
1990 to 2003, saw average installed electricity-
generating capacity of about 6000MW, whereas the 
utilization rate was on the average below 40 percent. 
In 2007, installed electricity generation capacity was 
about 7,011MW, while actual utilization rate was 
37.4 per cent (Okafor, 2008). The low and unstable 
capacity utilization, evident in the average capacity 
utilization of less than 40 percent in more than three 
decades, shows the large gap between installed and 
actual operational capacity. This large gap clearly 

indicates the level of technical inefficiency in the 
power-generating sector. Furthermore, because of the 
depleting  nature of the  primary energy resources, 
there is a need for improved efficiency utilization of 
energy resources.  
 
The most commonly-used method for analysis of an 
energy-conversion process is the first law of 
thermodynamics (energy analysis). This approach 
alone does not provide adequate information about 
the internal losses in the system, and often cast 
misleading impressions about the efficiency of an 
energy conversion device, since it fails to provide a 
measure of how  nearly the performance of a system 
approaches ideality ( Rosen, and Scott, 2003). The 
past decades have recorded advances in exergy 
analysis as its application to thermal systems are 
depicted in the works of  (Huang, 2009; Mohammad 
and Mofid, 2005; Aljundi, 2009;  Ofodu, and Abam 
2002; Kotas, (Eds), 1995; Prasadal e tal., 1995; 
Bejan, (Eds), 1996  and  Abam e tal., 2011). 
Researchers like: ( Rosen, 1995; Dincer, 2001; and  
Dincer and  Cengel  2022),  have recommended that 
exergy analysis be used to support decision-making 
irrespective of the allocation of resources (Capital, 
research and development effort, optimization, life 
cycle analysis and materials) in addition to energy 
analysis. Further review of literatures has shown that 
the combined utilization of first and second laws of 
thermodynamics, using such concept as exergy, has 
enhanced understanding of thermal and chemical 
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process analysis. Exergetic performance analyses 
cannot only determine the magnitudes, location and 
causes of irreversibilities in thermal plants, but also 
provide a more meaningful appraisal of plant’s 
individual components efficiencies and allow 
possible performance improvement measures and 
system optimization to be carried out (Kotas, (Eds), 
1995). Therefore, the concept of exergy in todays 
engineering practice have become a pivotal tool to 
hermal systems and process analyses. As Nigeria is 
considering and implementing the updated national 
energy strategy with more emphasis on energy 
efficiency policies, in different sectors, it is believed 
that this study will provide an insight to general 
performance of gas turbine plants in the power sector 
and possible future improvement for energy policy 
implementation within the power sub-sector. The 
objectives therefore, of this study are (i) to analyse 
the performance of  in-service gas turbine power 
plants in the Nigerian energy utility sector through 
the combined utilization of the first and second laws 
of thermodynamics; (ii) to evaluate the performance 
parameters for the turbine cycle and  individual 
components of the turbine system; and (iii)  identify 
components of the system that offer opportunities for 
thermodynamic improvements. (iv) Compare the two 
thermodynamic analyses based on energy and exergy. 
 
Operating Paramenters for Considered Gas 
Turbine Power Plants 
The gas turbine power plants in Nigerian energy 
utility sector (Grid-connected) are all state owned. 
The nominal performance at ISO condition (15OC 
and 60% RH) for the considered plants are shown in 
Table 1. The gas turbine plants are all single shaft 
simple cycle system. The average age of these plants 
is above 10 years. The power plants use generally 
natural gas of low heat value (LHV). 
 
Table 1: Technical data of the considered gas turbine 
power plants 

Technical  data Af4-pp Af5-pp Del1-pp Del 2-pp   Ge-pp 
Total output (MW) 375 276 200 250 414 
Unit number 13 19 2 3 2 
Unit power (MW) 75 138 100 25 138 
Compressor stages 16 16 17 17 16 
Compressor inlet 
pressure (bar) 

1.013 1.013 1.013 1.013 1.013 

Compressor 
isentropic efficiency 
(%) 

85 82 88 88 82 

Speed (rpm) 3000 3000 3000 3000 3000 
Compressor exit 
temperature (oC) 

601.15 601.15 600 610 612 

Pressure ratio 9.9 9.6 10.38 14.7 9.6 
Air flow rate (Kg/s) 470 470 424.37 320 470 
Fuel mass flow rate 
(Kg/s) 

6.53 9.10 10.08 9.98 7.09 

Maximum 
temperature (oC) 

1057 1057 1329 1032 1057 

Turbine stages 5 5 3 3 5 
Turbine isentropic 
efficiency (%) 

87 85 89 89 86 

Fuel, natural gas 
LHV (kJ/kg)  

43591 43591 44699 44699 44669 

Exhaust gas 
temperature (oC) 

500 472 535 555 427 

METHODOLOGY 
Operating data for gas turbine units in the energy 
utility sector, Afam,  Delta and Geregu power 
stations were collected from the daily turbine control 
log sheet. The three power stations are the main 
stations supplying over  60% of electrical energy to 
the national grid system. The daily average operating 
thermodynamic variables were calculated using MS 
Excel worksheets. The analyses of the plants were 
divided into different control volumes and 
performance of the plants were estimated by 
component-wise modeling. Mass and energy 
conservation laws were applied to each component 
and a complete energy and exergy balance were 
determined for each component. The lost energy and 
exergy were then calculated for each control volume 
and cumulative performance indices such as thermal 
efficiency, power output, exergy destruction rate, 
exergy efficiency, efficiency defect, exergetic 
performance coefficient and overall exergetic 
efficiency were calculated for both start-up and 
operating data over the period in consideration. A 
continous mass flow diagram for one unit of the gas 
turbine plant modeled in this study based on the 
operating data is shown in Fig.1. The components 
include air compressor (AC), combustion chamber 
(CC) and gas turbine (GT). The gas turbine power 
plant models are developed on the following 
assumptions:     ( i) the exergy value of air entering 
the compressor is assumed zero, ( ii) all components 
have adiabatic boundaries, ( iii) plant performance at 
ISO conditions, ( iv) the air and the combustion  
products are assume ideal characteristics, ( v) kinetic 
and potential  components of energy and exergy are 
neglected and ( vi) the ambient conditions of 
temperature and pressure are 25OC and 1.013 bar. 

 
Fig. 1. Mass and exergy flow diagram for one of the 
considered power plants showing operating 
conditions   
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Energy Analysis 
Energy analysis is based on the first law of 
thermodynamics. The main performance indices from 
first law  are total power output and thermal 
efficiency. These performance indices are important 
criteria in economic analysis of thermal  power 
plants. The input and output power quantities of the 
system components of the plants are determined 
using the calculated thermodynamic variables such as 
temperature, pressure, entropy and enthalpy. The 
energy losses in the components of the gas turbine 
plants are determined using the energy models 
presented by (Augustino and Karim 2007).  
 
Air compressor 
Energy input to air compressor at ambient 
temperature is calculated by: 

 aaaaaC TcpTcpmQ 12

.

1,

.

1          (1) 

Where acp  is the specific heat capacity of air. 
Energy input to air compressor at specific inlet 
temperature is given as: 

 12

.

2,

.

1 tcpTcpmQ aaaaC            (2) 

Energy lost in the compressor due to the inlet air 
temperature difference is calculated by: 

   1212

.

 

.

11

.
tcpTcpmTcpTcpmQ aaaaaaaalossC    (3) 

 
Combustion Chamber 
Energy input to the combustion chamber (CC) by the 
fuel is obtained as: 

LHVmQ ff

..
                          (4) 

Energy exit from the combustion chamber is obtained 
from the following: 

gggg TcpmQ
..

                          (5) 

Where gcp is the specific heat capacity of burnt 

gasses and energy lost in the combustion chamber  
is calculated as shown in equation (6) 

ggfaalosCC TcpmLHVmcpmQ
.,

2

.

 

.

1            (6) 

 
Turbine 
Energy input in the turbine is obtained as in equation 
(7) 

ggggT TcpmQQ
.

. .
             (7) 

Energy utilized for tubine work is calculated as 
follows: 

 TETcpTcpmQ gTETgggTw 
..           (8) 

Where TET  is turbine exhaust temperature. 
Energy lost from the turbine 

 TETcpmQ gTETgTloss

..
             (9) 

The total energy lost in the turbine system is 
calculated by: 

lossTlossCClossClossTT QQQQ  

.

 

.

 

.

 

.
         (10) 

Net electic power output is calculated from: 

CTnet WWW
...

          (11) 

Where TW
.

 and CW
.

 are turbine and compressor 
work respectively. The thermal efficiency of the 
power plant can be calculated as follows: 

LHVm

W

f

net
th .




       (12) 
Exergy Analysis 
Exergy analysis is based on the second law of 
thermodynamics. It  is a thermodynamic indicator 
that shows the transformation potential and 
convertable limit of an energy carrier to a maximun 
theoritical work under conditions imposed by the 
surrounding at a defined temperature and pressure 
(Erdem e tal., 2009). Recent developments in exergy 
concept has allowed  the definition of a new 
performance criteria which offer some advantages 
over the traditional ones (Kopac and Hilalci 2007). 
Hence, exergy analysis can improve resource 
utilization by determining inefficient, wasteful 
processes within thermodynamic systems and the 
results obtained from such analysis can serve as a 
guide for reducing irreversibilities and performance 
monitoring giving room for performance 
improvement and optimization. The exergertic 
performance criteria to be considered within the 
scope of this study are, the exergy destruction rate in 
both components and the entire plant, exergy 
efficiencies of  plant componets, overall exergetic 
efficiency of plant, efficiency defects of both plant 
and components and exergetic performance 
coefficient. The steady state exergy balance equation 
for a control volume is presented in equation (13), 
(Kotas, 1995) 







 













ei
CVj

j j
eeemieimWQ

T
T

xE
..

01
 (13) 

The subscripts i, e, j and o refer to conditions at inlet 
and exits of control volume boundaries and reference 
state. The physical exergy of inlet and exit streams 
are calculated using specific exergy equation 
presented in equation (14),  (Kotas, 1995). 

   ooo
PH ssThhe    (14) 

Where h  and oh  and s and os  are enthalpies and 
entropies of the beginning state and state of the 
surrounding. For states in the process rather than 
enviromental state equation (14) becomes:  

   1212 ssThhe o
PH    (15) 

 The total specific exergy of the inlet and exit streams 
is the sum of its physical and chemical components 
presented in equation (16). 

eee CHPH
total     (16) 

 Specific chemical exergy of gas mixtures is given as: 




iioio
i

i
CH xxTRexe ln  (17) 
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Where x i  is mole fraction of constituent’s elements 

and ioe  is standard molar exergy of each constituent 
of the natural gas species. When dealing with a multi-
componets system in which the control volume can 
be divided into a number of N components, the sum 
of irreversibility rates evaluated for the entire sub-
regions is equal to the irreversibility rate of the whole 
region (Kotas, 1995) from which equation (18) is 
given as: 

 

 


xin

i

E

I
.1

.


   (18) 

The difference 1 , is the fraction of the input lost 
through irreversibilty and is called efficiency defect. 
While  is the rational efficiency, a form of second 

law efficiency. The thi  componet efficiency defect is 
denoted by i  presented as:  

 

 


xin

i
i

E

I
.

.

     (19) 

 The overall exergetic efficiency of the entire plant 
(another form of second law efficiency) which is used 
in this work as a measure of plant performance is 
defined as the ratio of the useful work output and the 
maximum possible (reversible) work input. 

fuel

net
all

xE

W



      (20) 

The amount of exergy loss rate per unit power output 
is an important performance criteria also as presented 
in equation (21)  

net

total

W

I
.

.
     (21) 

Where   is the exergetic performance coefficient. 
 
Table 2 summarizes the equations used to calculate 
the exergy destruction rate and exergy efficiencies for 
plant components   
 

 
Table 2: The exergy destruction rate and exergy efficiency equations for plant components 
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RESULTS AND DISCUSSION 
Five gas turbine power plants and their operating 
conditions used for this study are presented in 
Table1. The gas turbine plants were selected from the 
three main gas turbine power stations supplying 
power to the National grid system in Nigeria called 
the Nation Hub Stations. The composition of natural 
gas and standard chemical exergies as applied to 
these plants are presented in Table 3 (Ofudu and 
Abam 2008). The composition of fuel in Table 3 is 
the same for all the plants, supplied by Nigeria Gas 
Company (NGC) to all the power plants in the energy 
utility sector. Thermodynamic properties such as 
specific heats,  enthalpy of  combustion gasses were 
evaluated as a function of temperature and pressure, 
by using an Engineering Equation Software (EES), 
(Klein, 2010). The average operating data for 2009 is 
presented in Table 4. While Table 5 shows the enegry  
loss in the components sytem of the plants. The 
general efficiency of the plants are determined at 
31.7%, 30.81%, 29%, 31.99% and 33.01% for Af4, 
Af5, Del 1, Del 2 and Ge plants respectively. From 
the results it is seen that Ge and Del 2 plants have the  

 
highest thermal efficiency due to their high turbine 
inlet temperature (TIT), high pressure ratio (PR) and  
 
low compressor inlet temperature (CIT) as observed 
from the operating data in Table 4. It is obvious that 
performance of gas turbine is affected by operating 
parameters which may vary at some point based on 
either technical deficiencies within the system or 
changes in ambient conditions. Arriving at decision 
for plant enhancement based on energetic 
performance results only may not be encompassing.  
For example considering  the information in Table 5 
and Table 6 together, the total average plant loss for 
the plants is approximately  60% for energetic 
consideration and 71% for exergetic case. A differnce 
of  11% is observed from the two scenerios. This 
value, in terms of  power output when quantified is 
reasonable. For complex systems with multiple 
components this may be misleading as quantifying 
actual losses in the different system control volumes 
might not be acurrately achieved. Only energetic 
analysis for decision making  is loopsided, since it 
does not reaveal explicit presentation of plant 
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performance. Therefore, the results obtained from 
energetic performance analysis should be considered 
with those of exergetic analysis allowing an 
improved understanding by quantifying the effect of 
irreversibility occuring in the plant and the locations. 
Table 3: Composition of natural gas as it applies to 
the gas turbine power plants 

Element Formula Approximate 
value in mole 
percent 

Standard 
Chemical 
Exergy 
(KJ/Kmol) 

Methane CH4 88.0 836510 

Ethane C2H6 5.0 1504360 
Propane C3H8 2.0 2163190 
Butane C4H10 0.6 2818930 
Pentane C5H12 - 2818930 
Carbon 
dioxide 

CO2 4.4 20140 

Hexane C6H14 - 4110000 
Nitrogen N2 - 720 
Total - 100 - 

     Ofodu and Abam [8]  

The calculated exergy based performance parameters: 
plant exergy efficiency, exergetic performance 
coefficient, exergy destruction rate of components 
system, effficiency defects and overall exergetic 
efficiency are presented in Table 6. The most two 
important performance criteria in terms of exergetic 
analysis are exergy efficiency and exergertic 
performance coefficienct   . The overall exergetic 
efficiency of the power plants increases with a 
decrease in   as shown in the results. Either 
exergetic efficiency or exergetic performance 
coefficient can be used as exergetic performance 
criterion ( Erdem et al., 2009). The value of exergetic 
performace coefficient varies between 3.42 and 4.90 
for the considered power plants. Since the condition 
of good performance is derived from a higher overall 
exergetic efficiency but lower exergetic performance 
coefficient for any thermal system, it can be 
inferenced that Ge, Del1 and Del 2 gas turbine plants 
have good performance. The variations in 
performance of the plants depends large on several 
factors as mentioned in the next section. The 
components exergy efficiencies, exergy destruction 
rate, efficiency defects and total exergy destruction 
rate of the plants are also presented in Table 6. The 
total exergy destruction rates are 381257KW, 
391991KW, 327447KW, 320295 and 279743 for 
Af4, Af5, Del1, Del 2 and Ge plants respectively. 
While the total efficiency defects and overall 
exergetic efficiency varies between 67.96-72.46%, 
24.06-28.53% respectively. The total exergy 
destruction rates and efficiency defects are higher for 
Af4 and Del1 plants with Del 2 and Ge plants having 
the highest overall exergetic efficiency and least 
overall efficiency defect.  The percentage ratio of the 
exergy destruction to the total exergy destruction in 

the plants was found to be maximum in the 
combustion chamber followed by the turbine in range 
of 6.7 to 7.0% for compressor, 16.6 to 18.0% for 
turbine and 74 to 85% for combustion chamber. The 
combustion chamber, however, remained the major 
source of thermodynamic inefficiency due to large 
temperature differences between flame and 
combustion fuel (Kopac and Zemher 2004). The 
variations in performance of the plants could be 
ascribed to the following:  faulty components, poor 
maintenance procedures and discrepancies in 
operating data.  
 
Table 7 shows a comparison between the condition of 
the plants with start-up data which represents the 
condition of the plants at commissioning and then 
with  operating data which represents the period 
when the plants have undergone a considerable duty 
cycle. The second case shows that irreversibilities are 
recorded in all the turbine sub-systems with the 
combustion chamber being the highest contributor to 
irrevesibilities. Another important observation is in 
the area of fuel consumption. For example, at 
100MW load  level the analysis based on start-up 
data for Ge plant, 7.09Kg/s of flow rate of fuel  is 
used, while analysis using the operating data 
indicates that the same 100MW load, 7.13Kg/s flow 
rate of fuel is used which is about 0.56% increase in 
fuel consumption. The fuel consumption rate is 
higher than that for start-up calculations whereas the  
shaft power remains constant. When this is quantified 
approximately in monetary terms the losses 
associated with the plant, using the operating data 
will cost the Power Holding Company of Nigeria 
(PHCN)  about 16.13 million naira daily which is 
about one million US dollars. This is quite enormous,  
but  this losses can be avoided if the proper 
maintenance procedures are followed. The 
maintenance histories for the power plants are 
presented in Table 8. Gas turbine and time of 
overhaul are based on four criteria depending on 
which ever comes first. The criteria are actual 
operational hours, life hours, number of starts and 
years of operation.  
 
The recommended requirements for an overhaul is  
every 16000 operating hours, every 24000 life hours 
and every 800 starts whichever comes first.  It is 
observed from Table 6 that the plants operating hours 
are more than 16000hrs and the plants have operated 
for more than five years.  The records also show that 
since installation apart from Del1 plant none of the 
Combustion inspection (CI) and hot gas path 
inspection (HGPI) maintenance had been carried out. 
The CI maintenance involves the changing of fuel 
nozzles and checking the combustion liners for every 
8,000-hour duty cycle. This is because the continuous 
operation of plant reduces the life span of the 
downstream parts, like the turbine nozzles and 
buckets and leads to greater fuel intake. The HGPI 
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maintenance, which includes all aspect of CI and 
detailed inspection of the turbine nozzles and turbine 
buckets, is recommended for every 24,000-hour duty 
cycle.  
 
The most detailed statutory inspection maintenance is 
the main inspection or the major inspection (MI). 
This involves flange-to-flange inspection of 
components, which are subject to wear. The 
recommended duty cycle is 48,000hrs. The inspection 
also includes elements of CI and HGPI, inspection of 
the casing for cracks, compressor rotor blades 
checked for fit clearance, erosion, rubbing and build-

ups. Seals and hook fits of nozzles and diaphragms 
are inspected for rubs, erosion, fretting or thermal 
deterioration. The internal and external parts of the 
compressor are checked for clearance and wear. The 
clearances are compared against original values. The 
absence of the above maintenance programme must 
have been the major factor responsible for the gradual 
thermal deterioration of the plants, evident in 
increased exergy losses and fuel consumption. 
 
 

 
Table 4: Average values of operating data for the month of April 2009 

 Af4-pp Af5-pp Del1-pp Del 2-pp   Ge-pp 

Ambient temperature (K)  1T  301 302.3 300.5 298.6 296.2 

Compressor outlet temperature (K) 2T  617 618 597 626 630 

Turbine inlet temperature (K) 3T  1231 1221 1124 1241 1330 

Turbine outlet temperature (K) 4T  808 799 801 802 801 

Temperature of flew gas (K) exhaustT  742 736 723 731 744 

Compressor inlet pressure (bar) 1P  (bar) 1.013 1.013 1.013 1.013 1.013 

Compressor outlet pressure (bar) 2P  (bar) 9.6 9.9 10.21 10.11 11.24 

Pressure ratio (PR) 9.48 9.67 10.08 9.98 11.09 
Mass flow rate of fuel (Kg/s) 6.67 9.23 10.11 10.04 7.13 

Af-Afam ;  Del-Delta;  Ge-Geregu 

Table 5: Energy performance analysis  
 Af4-pp Af5-pp Del1-pp Del 2-pp   Ge-pp 
Energy lost of compressor (KW) 2214.89 2151.92 2501.57 2392.42 1973.86 
Energy lost of combustion chamber (KW) 6940.40 7001.42 7490.96 7424.84 6092.23 
Energy lost of turbine 3283.60 3302.75 2924.06 2558.82 2371.44 
Total Energy lost 12438.89 12456.09 12916.59 12376.08 20080 
Net power of turbine (KW) 101023 98345 22164 21310 99312 
% Energy lost of compressor 10.86 10.49 12.73 11.79 9.83 
% Energy lost of combustion chamber 34.03 34.13 38.12 36.59 30.34 
% Energy lost of turbine 16.10 16.38 14.88 12.61 11.81 
Total  %  Energy lost in the  plant 60.99 61.00 65.73 60.99 52.00 
Energy input (KW) 318704 319151 76428 66594 300945 
Thermal efficiency (%) 31.7 30.81 29.00 31.99 33.01 

Af-Afam ; Del-Delta; Ge-Geregu 
 
Table 6: Exergy performance analysis 
 Af4-pp Af5-pp Del1-pp Del 2-pp   Ge-pp 
Fuel exergy rate (KW) 476464 492861 523643 515403 466241 
Exergy destruction rate of compressor (KW) 25284 25336 21124 22102 22592 

Exergy destruction rate of turbine (KW) 63430 66423 59669 41211 51642 
Exergy destruction rate of combustion chamber (KW) 286543 300232 311654 256982 262248 
Total exergy destruction rate (KW) 381257 391991 327447 320295 279743 
Efficiency defect of compressor (%) 5.31 5.14 4.03 4.48 4.84 

Efficiency defect of combustion chmaber (%) 60.14 61.00 59.52 58.93 56.24 

Efficiency defect of turbine (%) 13.52 13.47 11.39 11.69 11.07 

Total efficiency defect (%) 78.97 75.94 74.94 75.10 72.15 
Exergy efficiency of compressor (%) 79.34 79.61 80.12 75.10 79.45 
Exergy efficiency of combustion chamber (%) 46.23 44.88 51.23 49.66 48.72 
Exergy efficiency of turbine (%) 72.41 71.65 76.23 71.98 74.66 
Overall exergetic efficiency (%) 21.03 20.39 24.06 25.90 27.85 
Exergetic performance coefficient ( ) 4.90 4.96 4.36 4.34 3.42 



 
Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS)2(6):1026-1033 (ISSN: 2141-7016)  

1029 

 

Af-Afam ;  Del-Delta;  Ge-Geregu  

Table 7: Comparison of plants performance between start-up data and operating data after six years operation 
 Af4-pp Af5-pp Del1-pp Del 2-pp   Ge-pp 

Performance of plants at start up condition 
Efficiency defect of compressor (%) 4.90 5.01 4.17 4.29 5.86 

Efficiency defect of combustion chmaber (%) 53.78 54.34 52.63 52.87 52.92 
Efficiency defect of turbine (%) 12.89 13.11 12.97 13.14 12.48 

Total efficiency defect (%) 71.57 72.46 67.96 70.30 71.26 

Overall exergetic efficiency (%) 28.43 27.54 30.23 29.70 28.74 

Exergetic performance coefficient ( ) 4.41 4.44 4.35 4.33 3.37 

Performance of plants afer 6 years of operation 
Efficiency defect of compressor (%)  5.09 5.32 4.87 4.97 5.97 

Efficiency defect of combustion chmaber (%) 55.78 56.61 52.73 53.68 52.62 

Efficiency defect of turbine (%) 13.82 14.01 13.21 13.98 12.88 

Total efficiency defect (%) 74.69 75.94 70.81 72.63 71.47 
Overall exergetic efficiency (%) 25.31 24.06 29.19 27.37 28.53 

Exergetic performance coefficient ( )  4.51 4.57 4.43 4.41 4.04 

 

Table 8: Plants inspection records for 2009 
 Af4-pp Af5-pp Del1-pp Del 2-pp   Ge-pp 

Fired hours to date (hrs) 30294 29499 28541 26892 17675 

Fired start to date (hrs) 165 127 168 112 109 

Number of combustion inspection (CI) 0 0 3 0 0 

Number of hot gas path inspection (HGPI) 0 0 0 0 0 
Number of main inspection (MI) 0 0 0 0 0 

Date of last CI - - 2005 - - 

Date of last HGPI - - At 
commisioning  

 - 

Date of last MI - - - - - 

Fired hours after last CI (hrs) - - 9,402 - - 

Fired hours after last HGPI (hrs) - - 53,268 - - 

Fired hours after last MI (hrs) - - 53,258 - - 
Fired start after last CI (hrs)  - - 49 - - 

Fired start after last MI (hrs) - - 398 - - 
Fired start after last HGPI(hrs)  - - 398 - - 

Equivalent operating hours (hrs)  34,644 32,609 64,498 29,942 19,165 

Af-Afam ;  Del-Delta;  Ge-Geregu 
 
CONCLUSION  
The performance of gas turbine plants in Nigerian 
energy utility sector has been studied from an energy 
and exergy perspective. The results show that 
combining the two energy tools for performance 
analysis, can assist the field engineer to easily 
identify and evaluate inefficiencies in thermal process 
and proffer bether solutions. The percentage ratio of 
the exergy destruction to the total exergy destruction 
in the plants was found to be maximum in the 
combustion chamber followed by the turbine, 
calculated to be between 6.7 and 7.0% for 
compressor, 16.6 and 18.0% for turbine and 74 and 
85% for combustion chamber. The combustion 
chamber and turbine are the two components that  
 

 
offer significant work potential saving opportunities. 
The achievement of exergy breakdown, with start-up  
data and then with operating data which represents 
the the period when the plants must have undergone 
an appreciable duty cycle, shows that irreversibilities 
are recorded in all the plants considered due to 
discrepancies in operating data. However, this 
suggest the following: retrofitting of the existing gas 
turbine plants with inlet air precooling system, 
combine generation or topping cycle, observing the 
statutory maintenance procedure, optimization of the 
operating condition to determine the load condition 
that yields the minimum exergy loss and a  time 
series analysis may be necessary to show how the 
plant’s irreversibilities changes with time for proper 
optimization. 
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Nomenclature  Greek letters  
.

Ex    exergy transfer rate (KW) 
    efficiency   
e   specific exergy (kJ kg-1) 
    exergetic performance coefficient 

h   enthalpy (kJ kg-1)    
       efficiency defect   
.
I   Exergy destruction rate (KW)  

  Subscripts 
LHV   lower heat value (kJ kg-1)  
a  air 

.
m   mass flow rate (kg s-1)    
C  compressor    

.
Q   heat transfer rate (KW)  
  CC combustion chamber  
s  entropy (kJ kg-1 K-1)    
f  fuel     
T  temperature (K or oC)    
g  gas     

.
W   power output (KW)    
in  inlet    
out  outlet   
T  turbine    
th  thermal     
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