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ABSTRACT: The performance of gas turbines in whichever way is operated; either as a simple cycle or a
combined cycle is critically constrained by the prevailing ambient temperature, predominantly in arid or
tropical climates Sub-Sahara Africa countries like Nigeria. In this present work, performance evaluation of a
simple gas turbine power plant using vapour absorption chiller was carried out. A retrofitted power plant is
modeled using IPSEpro software that utilizes waste heat from exhaust gas of the base power plant to generate
steam in a heat exchanger. Part of the steam generated is used to power lithium bromide single-effect vapour
absorption chillers which in turn cool the incoming air to the compressor. The results obtained show that the
vapour absorption cooling system reduces the inlet temperature to the compressor from 25.7°C to 15.065°C.
Also, the mass of air increased by 13.23kg/s, thereby boosting the power output with an increment of 3.5MW
and thermal efficiency of 1.12%. Moreover, the specific fuel consumption reduces by 0.0079Kg/KWh and the net
station heat rate reduces by 369KJ/KWh. This signified that less energy is consumed to generate higher power
output and the retrofitted power plant will be more efficient than the existing power plant. Furthermore,
greenhouse gas emission saving was analyzed. The result showed a net savings of 276.654kg greenhouse gases.
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I Introduction

A gas turbine (GT), also known as combustion turbine is a rotary engine that removes energy from a
flow of combustion of gas. It has an upstream compressor merged to a downstream turbine, and a combustion
chamber in between. Energy is released when the air is mixed with fuel and ignited in the combustor. The
resulting gases are absorbed over the turbine’s blades spinning the turbine and powering the compressor. Gas
turbines are considered as constant volume machines; as a result, the same volume of air moves into the
compressor at a given speed. The combustion air of gas turbine is taken directly from the environment, and the
weather conditions of the environment affect their performance. Generally, gas turbine power output and
efficiency are adversely affected by environmental conditions such as high ambient temperature and relative
humidity (RH). The recommended operation condition of gas turbines by International Organization for
Standardization (1SO) is temperature of 15°C and relative humidity of 60% (lbrahim, et al., 2010; Orhorhoro, et
al., 2017; Zunaid, et al., 2017). The average ambient temperate of the study gas turbine power plant is 25.7°C,
which is higher than the ISO condition. Due to this high temperature, the power output and thermal efficiency is
low. However, cooling the intake air to compressor by incorporating vapour absorption chiller is a cooling
techniques proposed here to mitigate the effect of ambient temperature on this gas turbine power plant.

Gas turbine performance is sensitive to the ambient air temperature. As the ambient air temperature
increases, less air is compressed by the compressor. Thus, the gas turbine output rating is reduced. Besides, the
compression work increases as a result of increase in the specific volume of the air which directly increases the
intake air temperature (Biche, 2003; Mahmood, et al., 2009; Abam, et al., 2011; Ana, et al., 2012). The gas
turbine is designed to operate with a constant air volume flow in the compressor. Nevertheless, when the
ambient air temperature increases, its specific mass is reduced, so that the mass flow rate entering the turbine is
accordingly decreased. Consequently, this decreases the power output and the efficiency of the gas turbine. The
performance of the plant decreases as the ambient temperature increases, due to the inverse relationship between
air density and temperature (Nasser and EL-kalay, 1991; Siadi-Mehrabad, 1996; Barzegar, et al., 2011; Kaviri,
etal., 2012; Nami, et al., 2016). Improving the performance of gas turbine can be successful carried out through
raising the turbine inlet temperature (TIT) and the compressor pressure ratio (lbrahim, et al., 2011). It is a
known fact that ambient temperature, humidity and pressure are crucial factors that determine the performance
of a gas turbine plant (Kim, et al., 2011). Also, thermodynamic analysis revealed that thermal efficiency
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decreases with an increase humidity and ambient temperature (Meher-Homji, and Mee, 1995; Shi, et al., 2010;
Sanaye, et al., 2010).

In tropical humid and hot arid zones like Nigeria, the ambient high air temperature restricts the air mass
intake and consequently reduces the gas turbine power output and its efficiency. But, cooling the turbine inlet air
back to the 1SO condition (temperature of 15°C and humidity of 60%) can restore the design point performance
(Al-Tobi, 2009; Farzaneh-Gord and Deymi-Dashtebayaz, 2011). One of the ways to achieve this is the adoption
of vapour absorption chiller. Vapour absorption chillers utilize the waste heat from the turbine exhaust to
achieve cooling for the intake air. The chilled water produced from the absorption chillers can cool the incoming
air to the recommended 1SO conditions (Grossman, et al., 1994; Firdaus, et al., 2011). In this present work, the
vapour absorption chiller is expected to cool the intake air down to 15°C without taking into account the effect
of air humidity. Various parametric variations are considered to determine the impact of weather conditions on
the performance of the study turbine. Aside from investigating the technical aspects, the present work briefly
assesses the economic benefits of its implementation.

Il Research Methodology

In this present work, IPSEpro software was used to modelled the gas turbine using vapour absorption
chiller. IPSEpro is a set of software modules that create, analyse and utilize models of a new process plant or
existing process plant. The core of IPSEpro is an exceedingly flexible modeling system for calculating heat
balances and simulating processes. It has the capability to represent any problem as a network of collected and
connected components. The IPSEpro design suite consists of a number of modules; however, only two of them
were used in this present study. The gas power plant parameters and operating conditions used in the modeling
are as shown in Table 1.

Table 1. Gas Turbine Power Plant Specifications

Specifications

Description/code

Manufacturer GE

Model GE9E

Fuel Natural Gas
Frequency 50 Hz

Year 2006
Compressor Axial

No. of compressor stages 16

No. of turbine stages 2
Compression ratio 9.7

Design capacity 508WM(ISO)
Generating Capacity 112.5MWe each
Turbine isentropic efficiency 0.894
Compressor isentropic efficiency 0.878
Turbine efficiency 0.97
Compressor efficiency 0.95
Average Inlet temperature 25.7°C

Gas temperature 55°C
Exhaust temperature 557.13°C
Mass of air 376.72 Kgls
Mass of fuel 6.7 Kg/s
Exhaust mass flow 383.42 Kgls

Lower heat value (LHV)

46670 KJ/Kg

Design ambient barometric pressure 1.013 bar
Gas pressure 22.8 bar

Figure 1 shows the gas turbine power plant compressor inlet cooling arrangement. The gas turbine
power plant comprises of the base gas turbine, two heat exchangers and a single effect vapour absorption chiller.
A single-effect vapour absorption chiller was adopted for this research work. Also, LiBr- H,0 was chosen over
NHs-H,0. This is because of the non-toxicity of LiBr- H,0, low volatility of LiBr, and absence of rectifier. It
equally possesses lower installation, low maintenance and operating costs. Furthermore, the refrigeration
process considered is based on single effect LiBr- H,0 vapour absorption system fired by steam, which is
generated by waste heat recuperated from gas turbine exhaust gases.
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Figure 1. Gas Turbine Compressor Inlet Cooling Arrangement

Air come in to the compressor at state 2 and is compressed isentropically to a higher pressure, Ps. The
pressurized air at state 3 experiences constant pressure heat accumulation in the combustion chamber where it
supplies hot gases to the turbine at state 4. After isentropic expansion process, waste energy from the turbine
exhaust gases at state 5 is recovered in the heat exchanger and stack gases at a temperature of 206.87°C before it
is dissipated to the environment at state 6. Moreover, the condensed steam at state 8 is compressed isentropically
in a pump where it is returned as feed water to the exchanger. The exhaust gases obtained at state 5 heats the
feed water to produce steam at state7. The steam produced at state 7 flows through a tube in the desorbed to heat
the weak solution of LiBr-H,0 which is immersed in the tube. The LiBr-H,0 solution in the process absorbs heat
from the steam. This causes the refrigerant to vapourized and separate from the absorbent solution. As the
refrigerants vapourized away, the absorbent solution becomes more concentrated.

1l Results And Discussion
The performance of the gas turbine power plant was determined using IPSEpro software. The software
was used to evaluate compressor work, turbine work, net-power, thermal efficiency, specific fuel consumption
and heat rate. Sensitive analysis of the gas turbine power plant was carried out using IPSEpro software.
Variation in input variable such as temperature to the net power output, thermal efficiency, and specific fuel
consumption were closely monitored. The results obtained are show in Table 2.

Table 2. Results obtained without Vapour Absorption Chiller and with Vapour Absorption Chiller

Iltem Without Vapour Absorption Chiller With Vapour Absorption Chiller Units
Exhaust temperature 799.79 479.87 K
Compressor power 123800 123700 MwW
Turbine power 225300 228700 MW
Net power 101500 105000 MW
Thermal efficiency 32.46 33.58 %
Specific fuel consumption 0.2376 0.2297 kg/kwh
Total mass flow rate 376.72 389.95 Kals

Figure 2 and Figure 3 highlighted the gas turbine performance in relation to ambient temperature with

and without absorption chiller. As presented, an increase in temperature results in reduced power output and
efficiency of the gas turbine without absorption chiller. This is due to the fact that at higher temperature, the air
entering the compressor is less dense. As a result, a higher compressor work and lower turbine output are
obtained. However, there was an improvement in net power output and thermal efficiency when vapour
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absorption chiller was incorporated. The power output and thermal efficiency increases as a result of reduction
in ambient air temperature which lower the compressor power. A lower ambient temperature leads to higher air
density and lower compressor power. This in turn gives a higher net power out and higher thermal efficiency.
These results are in line with the work of previous researchers (Kakaras, et al., 2004; Saravanamuttoo, et al.,
2009; Hosseini, et al, 2007; Ibrahim, et al., 2011).
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Figure 2. Effect of Ambient Temperature on Thermal Efficiency of Gas Turbine Power Plant
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Figure 3. Effect of Ambient Temperature on Thermal Power Output of Gas Turbine Power Plant

Figure 4 shows that ambient air temperatures have a significant effect on specific fuel consumption on
a gas turbine power plant. Increased in ambient air temperature resulted to increase in specific fuel consumption.
This is due to increase in compressor power as a result of higher intake ambient air temperature. However, the

specific fuel consumption reduces when cooling air intake is incorporated due to lower ambient air intake
temperature.
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Figure 4. Effect of ambient temperature on specific fuel consumption
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Therefore, the thermal efficiency, net-power output decreases and specific fuel consumption increases
with increasing in the ambient air temperature. However, incorporating vapour absorption chiller improved the
performance of gas turbine power plant as the thermal efficiency and net-power output obtained are high than
that gotten from simple gas turbine plant without cooling. The incorporation of air intake cooling (vapour
absorption chiller) will reduce environmental pollution as the specific fuel consumption is less than that of
simple gas turbine plant.

Moreover, as the gas turbine power plant works at off-rated standard ambient air temperature, its
specific fuel consumption and heat rate increases. These increase lead to emission of greenhouse gas (GHG)
through turbine exhaust to the atmosphere which causes climate change. Equation 1 was used to calculate the
greenhouse gas emission of the fuel of the gas turbine plant.

GHG = FC x EF¢o; (1) [24]
But,

Specific fuel consumption without vapour absorption chiller = 0.2376kg/kwWh

Emission factor of natural CO, gas = 34260.008kWh

Thus, without vapour absorption chiller, the emission of GHG fuel was obtained as;
Emission of GHC Fuel = 0.2376 x 34260.00 = 8140.176kg

Also,

Specific fuel consumption with vapour absorption chiller = 0.2297kg/kWh

Emission of GHC Fuel = 0.2297 x 34260.00 = 7869.522kg

Thus, GHG fuel was save using vapour absorption chiller and the amount of fuel save was;
Emission GHG saving = 8140.176kg-7869.522kg = 276.654kg

IV Conclusion

The application of waste heat powered vapour absorption chiller for gas turbine compressor inlet air
cooling was thermodynamically evaluated for performance. In the projected arrangement, the waste heat is
recovered from gas turbine exhaust gases to generate steam in a waste heat recovery steam generator. This was
driven by a single-effect lithium-bromide-water (LiBr-H,0) absorption refrigeration system (ARS) which
generate cooling to the inlet air temperature entering the compressor. The thermodynamic performance of this
arrangement was compared with a gas turbine power plant without vapour absorption chiller. The results
obtained show that the inlet air cooling improves the net-power output and thermal efficiency by 3.45% and
1.12% respectively. The results also shown that the projected arrangement has a lower specific fuel consumption
which confirm that the gas turbine power plant with vapour absorption chiller utilizes lesser fuel to produced
higher power. Thus, this present work indicates that the implementation of vapour absorption chiller for gas
turbine compressor inlet air cooling was clearly justified on the basis of thermo-economic feasibility. Also, the
present work shows that vapour absorption chiller is an alternative solution to enhance electrical power
generation in Sub-Sahara countries like Nigeria. This approach would also reduce plant natural gas
consumption for power generation, likewise production costs and emissions.

V. Recommendation

Having carried out the research work on the performance evaluation of a simple gas turbine power plant using

vapour absorption chiller, the following are recommended:

1. Gas turbine power plants design should be based on the weather data of the country where they are to be
installed.

2. For the existing gas turbine power plant in Sub-Sahara Africa countries like Nigeria, the power plant should
be retrofitted with vapour absorption chiller to enhance their performance.

3. Future research work should be carry out on optimizing the gas turbine power plant using other operating
parameter like the relative humidity.
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