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Abstract 
The performance of a Solar Brayton Cycle (SBC) 

based on the GE LM 6000PA gas turbine was 

investigated for power generation in Northern 

Nigeria using GasTurb 11. Meteorological data for 

Kaduna State from 1991-2020, obtained from 

Nigerian Meteorological Agency (NiMet), were 

used to define ambient conditions. The gas turbine 

was simulated under monthly maximum and 

minimum temperatures scenarios to evaluate shaft 

power output, thermal efficiency, specific fuel 

consumption (SFC), exhaust gas temperature (EGT) 

and heat rate. Results show that ambient 

temperature significantly influences performance: 

lower ambient temperatures yield higher shaft 

power, improved thermal efficiency and reduced 

SFC and heat rate. The highest shaft power and 

efficiency were recorded in August and December 

for maximum and minimum temperature cases 

respectively, while the lowest performance occurred 

in April. The study establishes a baseline for SBC 

performance in hot climate zones and highlights the 

potential of solar-hybrid integration to mitigate 

ambient temperature effects in Northern Nigeria. 
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I. Introduction 
The integration of concentrated solar power 

gas turbine cycle has emerged as a promising 

technology to reduce fossil fuel consumption and 

CO2emissions while retaining the fast start-up and 

operational flexibility of Brayton systems. In solar-

hybrid configurations, solar thermal energy is used 

to preheat compressed air or to supplement 

combustion, thereby lowering fuel use and 

improving overall plant efficiency. Accurate 

thermodynamic and off-design modelling are 

essential for performance prediction, component 

sizing and economic assessment. Over the years, 

several studies have utilized GasTurb as one of the 

important tool for analysing gas turbine cycle in 

solar-hybrid applications. GasTurb is widely 

favoured because it has features ranging from 

validation of compressor and turbine maps, 

reliability in off-design solvers and ability for 

incorporating external heat input which represents 

the solar receiver from micro gas turbines coupled 

with parabolic trough and dish systems to larger 

recuperative cycles integrated with combined heat 

and power or desalination units. This studies 

provided a foundation for understanding the 

performance characteristics, control strategies and 

techno-economic and transient conditions. GasTurb 

has been widely used for thermodynamic and off-

design analysis of solar-hybrid gas turbine systems 

due to its validated component maps and flexible 

cycle modelling capabilities.[1]used GasTurb to 

model a micro gas turbine hybridized with a 

parabolic trough field, assessing annual energy 

output and levelized electricity cost under different 

turbine inlet temperatures and heliostat sizes. 

Similarly, [2] applied GasTurb for cycle analysis of 

a solar-assisted micro gas turbine, using the results 

as boundary conditions for CFD combustion 

analysis to quantify fuel savings and changes in 

combustion characteristics. [3]extended this 

approach to integrated solar combined cycles, using 

GasTurb to model a recuperative gas turbine 

coupled with a double recuperative and double 

expansion propane cycle. Their work evaluated the 

effect of solar heat input on power output, 

efficiency, and heat rate across varying ambient 

temperatures and direct normal irradiance. 
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[4]followed a comparable methodology for a hybrid 

system combining a micro gas turbine, solar field, 

biomass gasifier, and organic Rankine cycle, using 

GasTurb to establish the baseline MGT performance 

and assess improvements from each added 

subsystem. The integration of solarized gas turbines 

with other processes has also been examined. 

[5]used GasTurb to evaluate a solarized gas turbine 

coupled to a high-temperature electrolyzer for 

hydrogen production, focusing on the impact of the 

solar receiver on overall system performance. 

[6]and[7]and Motevali et al. applied GasTurb to 

analyze solar-hybrid gas turbine cycles with inlet air 

cooling and multi-effect distillation (MED) 

respectively, demonstrating improvements in power 

output, fuel consumption, and thermal efficiency. 

GasTurb has further been used to validate custom 

simulation tools and support hybrid dish-micro gas 

turbine concepts. [8] used GasTurb to generate 

theoretical performance data for a mobile solar-dish 

gas turbine hybrid, while [9] used it as a reference 

model to validate a novel gas turbine simulator for 

hybrid Solar-Brayton systems. [10]incorporated 

GasTurb component maps to validate a simulation 

tool for concentrated solar power based on micro 

gas turbine engines. Collectively, these studies 

demonstrate that GasTurb is a widely adopted tool 

for cycle modelling in solar-hybrid gas turbine 

research, typically by representing the solar receiver 

as an external heat input to the combustor or as 

preheating upstream of combustion.Simulation of 

Solar Brayton Cycle (SBC) using GasTurb is 

considered in this present work. 

 

II. Methodology 
This study explores performance of Solar 

Brayton Cycle (SBC) using electric power 

generation in Northern Nigeria utilizing the GE LM 

6000PA gas turbine as a baseline model, and the 

simulation was carried out using the GasTurb 11 

software. The technical specification of the GT LM 

6000PA and the gas turbine model showing the 

various stations are shown in Table 1 and Plate 1 

respectively. 

 

Table 1: Technical Specification of GT LM 

6000PA 

S/No. Description Parameters 

1 Gas turbine model GT LM 6000PA 

2 Power output 42 MW 

3 Turbine inlet 

temperature 

1138 ℃ 

4 Exhaust temperature 609 ℃ 

5 Pressure ratio 12 

6 Inlet airflow 144 kg/s 

7 Fuel Natural gas 

8 Fuel heating value 43.124 MJ/kg 

9 Heat rate 11818.2 KJ/kWh 

10 Compressor stages 17 

 

Kaduna State was used as a study location 

because it is characterized by high solar irradiation. 

The study period covered 30 years spanning from 

1991-2020 and the meteorological data covering the 

period was obtained from the Nigerian 

Meteorological Agency (NiMet).The data values 

have been grouped into decades for better 

presentation and a 30-year average value obtained as 

reported by [11]. The study procedure utilized 

modelling and simulation usingGasTurb 11. 

The GE LM 6000PA gas turbine 

performance was simulated in GasTurb 11 using the 

1-Spool Turboshaft model. After loading a demo 

setup, point analysis was performed by inputting 

design parameters, ambient conditions and fuel, 

followed by an initial design point calculation. To 

match the rated 42 MW (42,000 kW) at ISO 

conditions, an iterative process was used with inlet 

corrected mass flow as the variable and delivered 

shaft power as the target. The converged inlet 

corrected flow was then fixed and site-specific 

ambient conditions from NiMet were applied to 

determine the design point parameters for different 

operating conditions. Plate 1 shows the simulation 

summary from GasTurb 11 at room temperature. 
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Plate 1: Simulation Summary from GasTurb 11 at Room Temperature 

 

The spatial distribution of the average daily solar irradiation for Kaduna State, Nigeria was reported by[11]with 

its values expressed in kWh/m²/day [12]. 

 

2.1   Modelling of the SBC  

In order to carry out performance analysis, it is necessary to first model the SBC and the modelling was done 

with GasTurb 11. 

 

2.1.1   Thermodynamic and Mathematical Modelling of the SBC 

The schematic diagram of the gas turbine set up without solar heater is presented as provided by GasTurb 11 in 

plate 2. Each thermodynamic station is labelled with numbers in an ascending order from the inlet of the 

compressor to the nozzle of the gas turbine. 

 
Plate 2:The Gas Turbine Model Showing the Various Stations 
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Station 2 represents the compressor inlet, through 

which air from the atmosphere flows into the 

compressor. Station 3 represents the compressor 

outlet, through which the compressed air flows out. 

Station 31 represents the combustion chamber inlet, 

through which the compressed air from the 

compressor, flows into the combustion chamber. 

Station 4 represents the combustion chamber outlet, 

through the pressurised burned air flows out of the 

combustion chamber. Station 41 represents the inlet 

to the turbine through which the pressurised burnt 

air flows into the turbine. Station 5 represent the 

outlet of the turbine through which the low pressure 

expanded air flows out of the turbine. Station 6 

represents the exhaust and station 8 represents the 

nozzle through which low pressure expanded air 

flows to the atmosphere. 

The mathematical model of the work and energy 

flow across the gas turbine is presented below  

i. Compressor: The compressor work can 

be modelled using the polytropic 

process equation 

𝑊𝑐 = 𝑐𝑝 × 𝑇2 [(
𝑃𝑐

𝑃2
)

𝛾−1

𝛾
− 1]

    

  (1) 

Where;Wc = compressor work, cp = specific heat 

at constant pressure, T2 = temperature of inlet 

fluid to the compressor, Pc = compressor 

pressure, P2 = pressure of inlet fluid and  γ = 

adiabatic index.The compressed air temperature 

is given by the polytropic process 

𝑇3 = 𝑇2 × (
𝑃3

𝑃2
)

𝛾−1

𝛾
 

    

   (2) 

Where;T3 = temperature of outlet fluid from the 

compressor, 

ii. Combustion chamber: The process 

adds heat to the compressed air 

𝑄𝑐𝑐 = 𝑐𝑝(𝑇4 − 𝑇31) 

    

  (3) 

Where;Qcc = heat added to the combustion 

chamber, T31 = temperature of outlet to the 

combustion chamber. 

The combustion outlet temperature depends on 

the efficiency of the combustion process. 

iii. Turbine: The turbine work can be 

modelled using the polytropic process 

equation: 

𝑊𝑡 = 𝑐𝑝 × 𝑇5 [1 − (
𝑃6

𝑃5
)

𝛾−1

𝛾
]

    

  (4) 

Where;Wt = turbine work, P6 = turbine outlet 

pressure, P5 = turbine inlet pressure 

The turbine outlet temperature is given by the 

polytropic process: 

𝑇6 = 𝑇5 [1 − (
𝑃6

𝑃5
)

𝛾−1

𝛾
] 

    

  (5) 

iv. Net work output: the net work output 

is the difference between the work done 

by the turbine and the work done on the 

compressor: 

𝑊𝑛𝑒𝑡 = 𝑊𝑡 − 𝑊𝑐

   

   

 (6) 

 

2.2 Thermodynamic Parameters 

i. Compressor inlet temperature, 𝑇1 

ii. Compressor outlet temperature (ideal), 𝑇2 

iii. Compressor outlet temperature (actual), 

𝑇2𝑠 

iv. Turbine inlet temperature, 𝑇3 

v. Turbine outlet temperature (ideal), 𝑇4 

vi. Turbine outlet temperature (actual), 𝑇4𝑠 

vii. Heat supplied to the gas turbine, 𝑄𝑖𝑛 

𝑄𝑖𝑛 = 𝑚𝐶𝑝𝑔[𝑇3 − 𝑇2]  (7) 

Where; 𝑚 = mass flow rate of fuel and 

𝐶𝑝𝑔 = specific heat capacity of fuel 

viii. Net work done by the gas turbine, 𝑊𝑛𝑒𝑡 

𝑊𝑛𝑒𝑡 =  𝑊𝑇 − 𝑊𝐶   (8)

   

ix. Efficiency of the compressor, 𝜂𝑐 

𝜂𝑐 =  
𝑇2𝑠− 𝑇1

𝑇2− 𝑇1
  (9) 

x. Efficiency of the turbine, 𝜂𝑡 

𝜂𝑡 =  
𝑇3− 𝑇4

𝑇3− 𝑇4𝑠
  (10) 

xi. Gas turbine efficiency, 𝜂𝑇 

𝜂𝑇 =  
𝑊𝑛𝑒𝑡

𝑄𝑖𝑛
  (11) 

xii. Total power from gas turbine, 𝑃𝑇  

𝑃𝑇 =  𝑚 × 𝑊𝑛𝑒𝑡   (12) 

xiii. Heat rate of the gas turbine, H.R 

𝐻. 𝑅 =
3600

𝜂𝑇
  (13) 

xiv. Specific fuel consumption, SFC 

𝑆𝐹𝐶 =
3600× 𝑓

𝑊𝑛𝑒𝑡
   (14) 

Where; 𝑓 = air–fuel ratio 

 

III. Results 
This section presents data acquired, 

analysis of the data using GasTurb 11 and discusses 

what the simulations produced plus what those 

results mean for a Solar Brayton Cycle (SBC) in 

Northern Nigeria, using Kaduna as the case study. 
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The meteorological data acquired from 

NiMet Kaduna was presented in Tables 2, 3 and 4as 

reported by[11] which were shown in Figures 1 and 

2.It can be shown that April has the highest mean 

maximum temperatures of 35.81˚C over the period 

from 1991 – 2000, 36.72˚C over the period from 

2001 – 2010, 36.54˚C over the period from 2011 – 

2020 and a 30-year average of 36.36˚C which is a 

reasonable approximate maximum temperature 

value for the month of April to be used for 

simulation and analysis. In addition to the above 

stated fact, the month of August, as can also be seen 

from Table 1 and Figure 1, presents the lowest mean 

maximum temperatures of 28.49˚C over the period 

from 1991 – 2000, 27.77˚C over the period from 

2001 – 2010, 28.60˚C over the period from 2011 – 

2020 and a 30-year average of 28.29˚C which is also 

a reasonable approximate maximum temperature 

value for the month of August to be used for 

simulation and analysis. 

Interestingly, the month of August, as can 

also be seen from Table 2 presented by[11] and also 

shown in Figure 2, lowest mean minimum 

temperatures was not recorded. Rather, this was 

earlier claimed by the month of January with an 

average of 14.28˚C over the period from 1991 – 

2000. 

In recent times, the month of December now claims 

the title of the lowest minimum temperature with 

values of 14.16˚C over the period from 2001 – 2010, 

14.67˚C over the period from 2011 – 2020 and a 30-

year lowest average of 14.45˚C. 

 

3.1 30-Year Mean Temperature Distribution 

(Maximum and Minimum) 

The 30 years mean temperature distribution 

acquired from NiMet was presented by [11]in 

Kelvin. This unit will serve as the temperature for 

the input stream to the compressor for the 

performance analysis first with GasTurb 11. 

Similarly, the simulated values for maximum and 

minimum temperature are presented in the Tables 4 

and 5.  

 

3.2 Simulation Results from GasTurb 11 

Table 2: 30-Year Mean Temperature Distribution in Kelvin 

Month Max monthly mean temperature (K) Min monthly mean temperature (K) 

January 303.17 287.79 

February 306.31 289.94 

March 309.05 294.22 

April 309.51 296.43 

May 307.03 295.85 

June 304.06 294.54 

July 302.20 294.14 

August 301.44 293.79 

September 302.90 293.65 

October 304.60 293.05 

November 305.01 289.72 

December 302.86 287.60 

 

Table 3: Result Summary with GasTurb 11 at Maximum Temperature 

 Shaft power 

delivered (kW) 

Thermal 

efficiency 

Specific fuel 

consumption 

(kg/kWh) 

Exhaust gas 

temperature 

(K) 

Heat rate 

(kJ/kWh) 

January 28892.2 0.2964 0.2442 887.09 11654.0  

February 28292.8 0.2946 0.2457 887.94 11732.8 

March 27786.4 0.2930 0.2470 888.75 11803.6 

April 27702.9 0.2928 0.2472 888.89 11815.7 

May 28158.1 0.2942 0.2460 888.15 11751.3 

June 28720.3 0.2959 0.2446 887.32 11676.1 

July 29081.3 0.2970 0.2437 886.84 11630.2 

August 29230.8 0.2974 0.2434 886.65 11611.6 

September 28944.7 0.2966 0.2440 887.02 11647.4 

October 28616.7 0.2956 0.2448 887.47 11689.6 

November 28538.5 0.2954 0.2450 887.58 11699.9 

December 28952.4 0.2966 0.2440 887.01 11646.4 
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Table 4:Result Summary with GasTurb 11 at Minimum Temperature 

 Shaft power 

delivered (kW) 

Thermal 

efficiency 

Specific fuel 

consumption 

(kg/kWh) 

Exhaust gas 

temperature (K) 

Heat rate 

(kJ/kWh) 

January 32079.2 0.3048 0.2375 883.83 11305.3 

February 31609.9 0.3037 0.2383 884.21 11347.8 

March 30698.4 0.3014 0.2401 885.04 11442.7 

April 30239.7 0.3002 0.2411 885.50 11493.1 

May 30359.3 0.3005 0.2408 885.37 11479.8 

June 30631.5 0.3012 0.2403 885.10 11449.9 

July 30715.2 0.3015 0.2401 885.02 11440.8 

August 30788.6 0.3017 0.2400 884.95 11433.0 

September 30818.0 0.3017 0.2399 884.92 11429.8 

October 30944.6 0.3020 0.2396 884.80 11416.4 

November 31657.6 0.3038 0.2382 884.17 11343.0 

December 32121.0 0.3049 0.2374 883.80 11297.4 

 

 
Figure 3: The Monthly Variation of Shaft Power at Maximum Temperature 

 

The Figure 3shows the monthly average 

variation of shaft power from January to December. 

The shaft power represents the actual mechanical 

power output of the gas turbine engine, and as seen 

from the Figure, the highest mechanical power 

output was experienced in August with an average 

monthly ambient temperature of 301.44 K. while the 

lowest mechanical power output was experienced in 

April, with an average monthly ambient temperature 

of 309.51 K. This result shows that the gas turbine 

gives a higher shaft power at lower ambient 

temperatures and lesser shaft power at higher 

ambient temperature, hence regions on the graph 

which shows higher shaft power will correspond to 

regions of lower ambient temperature while regions 

on the graph which shows lower shaft power will 

correspond to higher ambient temperature. 
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Figure 4: The Monthly Variation of Thermal Efficiency at Maximum Temperature 

 

The Figure 4 gives the monthly average 

variation of thermal efficiency from January to 

December. The tthermal efficiency measures how 

well the gas turbine converts the energy in the fuel 

into useful work. The thermal efficiency is usually 

related to the shaft power delivered, so the higher 

the shaft power delivered, the higher the thermal 

efficiency and the lower the shaft power delivered, 

the lower the thermal efficiency. The highest 

thermal efficiency was experienced in August while 

the lowest thermal efficiency was experienced in 

April. 

 

 
Figure 5: The Monthly Variation of SFC at Maximum Temperature 

 

The Figure 5 presents the monthly average 

variation of Specific Fuel Consumption (SFC) from 

January to December. The SFC measures the fuel 

efficiency of the gas turbine engine. Hence lower 

SFC values indicate better fuel efficiency and higher 

SFC values indicate lesser fuel efficiency. From the 

Figure, the highest SFC was experienced in April 

while the lowest SFC was in August. These months 

also corresponds to the month of lower and higher 

fuel efficiency, i.e lower fuel efficiency was 

experienced in April and higher fuel efficiency was 

experienced in August. 
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Figure 6: The Monthly Variation of EGT at Maximum Temperature 

The Figure 6 presents the monthly average 

variation of Exhaust Gas Temperature (EGT) from 

January to December. The Exhaust Gas 

Temperature is the temperature of the gases leaving 

the gas turbine. This parameter reflects on the 

thermal energy still present in the exhaust gases. 

Higher Exhaust Gas Temperature can lead to 

efficiency losses, hence the higher the EGT, the 

lower the thermal efficiency and the lower the EGT, 

the higher the thermal efficiency. From the Figure, 

the highest EGT occurred in April while the lowest 

EGT occurred in August. This clearly shows that the 

highest EGT experienced in April also corresponds 

to the lowest thermal efficiency while the lowest 

EGT experienced in August corresponds to the 

highest thermal efficiency.  

 
Figure 7: The Monthly Variation of Heat Rate at Maximum Temperature 

 

The Figure 7 shows the monthly average variation 

of heat rate from January to December. Heat rate is 

the amount of heat energy input required to produce 

one unit of electricity. Hence it is inversely 

proportional to the thermal efficiency. Lower heat 

rate values indicate better overall thermal efficiency 

while higher heat rate indicate lower overall thermal 

efficiency. The highest heat rate was experienced in 
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April while lowest heat rate was experienced in August.  

 

 
Figure 8: The Monthly Variation of Shaft Power at Minimum Temperature 

 

The Figure 8 shows the monthly average 

variation of shaft power from January to December. 

The shaft power represents the actual mechanical 

power output of the gas turbine engine, and as seen 

from the Figure, the highest mechanical power 

output was experienced in December with an 

average monthly ambient temperature of 287.60 K. 

while the lowest mechanical power output was 

experienced in April, with an average monthly 

ambient temperature of 296.43 K. This result shows 

that the gas turbine gives a higher shaft power at 

lower ambient temperatures and lesser shaft power 

at higher ambient temperature, hence regions on the 

graph which shows higher shaft power corresponds 

to regions of lower ambient temperature while 

regions on the graph which shows lower shaft power 

corresponds to higher ambient temperature. 
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Figure 9: The Monthly Variation of Thermal Efficiency at Minimum Temperature 

 

The Figure 9 presents the monthly average 

variation of thermal efficiency from January to 

December. The thermal efficiency measures how 

well the gas turbine converts the energy in the fuel 

into useful work. The thermal efficiency is usually 

related to the shaft power delivered, the higher the 

shaft power delivered, the higher the thermal 

efficiency and the lower the shaft power delivered, 

the lower the thermal efficiency. The highest 

thermal efficiency was experienced in December 

while the lowest thermal efficiency was experienced 

in April. 

 

 
Figure 10: The Monthly Variation of SFC at Minimum Temperature 

 

The Figure 10gives the monthly average 

variation of Specific Fuel Consumption (SFC) from 

January to December. The SFC measures the fuel 

efficiency of the gas turbine engine. Hence lower 

SFC values indicate better fuel efficiency and higher 

SFC values indicate lesser fuel efficiency. From the 

Figure, the highest SFC was experienced in April 

while the lowest SFC was experienced in December. 

These months also corresponds to the month of 

lower and higher fuel efficiency, i.e lower fuel 

efficiency was experienced in April and higher fuel 

efficiency was experienced in December. 
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Figure 11: The Monthly Variation of EGT at Minimum Temperature 

 

The Figure 11 presents the monthly 

average variation of Exhaust Gas Temperature 

(EGT) from January to December. The Exhaust Gas 

Temperature is the temperature of the gases leaving 

the gas turbine. This parameter reflects on the 

thermal energy still present in the exhaust gases. 

Higher Exhaust Gas Temperature can lead to 

efficiency losses, hence the higher the EGT, the 

lower the thermal efficiency and the lower the EGT, 

the higher the thermal efficiency. From the Figure, 

the highest EGT was in April while the lowest EGT 

was in December.  

 

 
Figure 12: The Monthly Variation of Heat Rate at Minimum Temperature 

 

The Figure 12 showsthe monthly average 

variation of heat rate from January to December. 

Heat rate is the amount of heat energy input required 

to produce one unit of electricity. Hence it is 

inversely proportional to the thermal efficiency. 

Lower heat rate values indicate better overall 
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thermal efficiency while higher heat rate indicate 

lower overall thermal efficiency. The highest heat 

rate was experienced in April while lowest heat rate 

was experienced in December.  

 

3.3 Discussion of Simulation Results from 

GasTurb 11 

The performance of the GE LM6000PA 

gas turbine simulated with GasTurb 11 under 

maximum and minimum ambient temperature 

conditions was summarized in Tables 3 and 4. The 

results clearly show that ambient temperature has a 

significant influence on gas turbine performance. 

At maximum ambient temperatures in 

Table 3, the shaft power output ranges from 27.70 

MW in April to 29.23 MW in August, with the 

lowest power recorded during the hottest month 

(April). Thermal efficiency follows a similar trend, 

varying between 29.28% and 29.74%, while the 

specific fuel consumption (SFC) is highest during 

high‑temperature periods, reaching 0.2472 kg/kWh 

in April. The heat rate is correspondingly higher at 

elevated temperatures, indicating reduced 

efficiency. 

In contrast, results at minimum ambient 

temperatures in Table 4 show improved 

performance across all parameters. Shaft power 

output increases to between 30.24 MW and 32.12 

MW, with the maximum value recorded in 

December. Thermal efficiency improves to a range 

of 30.02–30.49%, while SFC decreases to as low as 

0.2374 kg/kWh, indicating better fuel utilization. 

Heat rate is also reduced, confirming more efficient 

conversion of fuel energy to useful work at lower 

inlet temperatures. Exhaust gas temperature shows 

only minor variation between the two operating 

cases, though slightly higher values are observed at 

higher ambient temperatures, suggesting marginally 

increased heat losses. 

Overall, the GasTurb 11 results 

demonstrate that lower ambient temperatures lead to 

higher power output, improved efficiency, and 

reduced fuel consumption, while higher ambient 

temperatures negatively affect gas turbine 

performance. These findings establish a reliable 

baseline to further justify the consideration of 

performance enhancement strategies for gas turbines 

operating in hot climate zones of Northern Nigeria. 

 

III. Conclusion 
This study evaluated the performance of 

the GE LM6000PA gas turbine under the climatic 

condition of Kaduna State, Northern Nigeria, using 

GasTurb 11 simulation for a 30-year period. The 

results demonstrate that ambient temperaturehas a 

pronounced effect on gas turbine performance. 

Lower ambient temperatures consistently produced 

higher shaft power, higher thermal efficiency, lower 

specific fuel consumption and lower heat rate. 

Equally, higher ambient temperatures, especially in 

April, led drop in power output and efficiency and 

increased fuel consumption. The baseline 

performance data obtained provide a reliable 

reference for assessing the feasibility and benefits of 

integrating solar thermal energy into Brayton cycles 

in Northern Nigeria.The findings confirm that solar-

hybridization is a viable strategy to address 

degradation in performance caused by high ambient 

temperatures in the region. 

 

V. Recommendations 
Based on the findings of this study, the following 

recommendations are made: 

i. Adoption of solar hybridization to 

integrate concentrated solar thermal 

systems with existing gas turbines in 

Northern Nigeria to balance the 

negative effects of high ambient 

temperatures and improve overall 

efficiency of the cycle and fuel savings. 

ii. Inlet air cooling such as evaporative or 

absorption cooling should be 

implemented to lower compressor inlet 

temperature during the period when the 

monthly temperature is hot, and also to 

enhance power out and efficiency. 

iii. Employ the use of site-specific 

meteorological data for predicting 

performance and sizing of system to 

ensure design and operation of solar-

hybrid gas turbine plants are realistic. 

iv. Optimize control strategies by 

developing dynamically adjust solar 

heat input and fuel flow to maintain 

optimal turbine inlet temperature and 

maximize fuel savings across varying 

solar irradiance and ambient conditions. 

v. Techno-Economic analysis should be 

conducted to include detailed techno-

economic and environmental analysis to 

evaluate the cost-effectiveness and CO2 

reduction potential of Solar Brayton 

Cycle (SBC) in Nigeria. 
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