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A B S T R A C T   

As a carbon-neutral type of renewable energy, biomass is beneficial for reducing carbon emissions in the elec
tricity sector. A biomass gasification process integrated with a combined cycle is proposed here. Wood is chosen 
as the fuel and air as the gasifying agent. A supercritical carbon dioxide (SCO2) power cycle with recompression 
is selected for the recovery of waste heat from the combustion chamber. The net power output is considered to be 
1 MW for the combined cycle in the investigation of component ratings and biomass feed rate. For a compre
hensive thermodynamic analysis of this combined cycle, we examine three key parameters: gas turbine inlet 
temperature (1200–1400 K), topping cycle pressure ratio (5-10) and CO2 turbine inlet temperature (600–700 K). 
The maximum energy efficiency is achieved for the system at a specific pressure ratio and CO2 turbine inlet 
temperature. The energy efficiency rises with gas turbine inlet temperature, which reduces biomass consumption 
(at a fixed net power output). The CO2 emission rate to the environment is examined for various parameters; it is 
observed to decrease as biomass consumption decreases and to take on a value of 0.254 kg/s at an optimized 
state.   

1. Introduction 

CO2 emissions have reached concerning levels in recent years, and a 
large amount of CO2 is emitted from fossil fuel-based power generation 
plants, which account for approximately 40 % of global CO2 emissions 
[1]. Global warming and other ecosystem damage have led to growing 
interest in renewable energy. Using biomass as a fuel is one way to lower 
CO2 emissions and move towards sustainable energy. Biomass is a 
widely available energy resource, and can be derived from agriculture, 
forestry, fishery and aquaculture industries, and in particular from algae 
and waste [2]. When considering economic and environmental charac
teristics of energy sources together, biomass is often considered ad
vantageous, particularly because of its wide distribution and low cost [3, 
4]. Unlike fossil fuels, biomass is significantly easier and faster to replace 
by methods like artificial forestry. However, a disadvantages of plants 
that use biomass as fuel for power generation is their low overall effi
ciency (from 15 % to 30 %, depending on plant size) compared to plants 
utilizing fossil fuels like natural gas [5,6]. Gas turbines require constant 

cleaning and maintenance to operate efficiently, involving the utiliza
tion of costly gas cleaning systems after the gasification process [7–9]. 
These technical issues need further optimization efforts and analyses 
(thermodynamic and economic) [7,10,11]. An option to overcome this 
problem is to use an externally fired gas turbine (EFGT) driven by 
biomass [8,12]. EFGTs can be applied in combined cycles (e.g., plants 
with Brayton and Rankine cycles as topping and bottoming cycles, 
respectively) [13], in electricity and heating systems [14,15], and in 
system hybridized via inclusion of solar thermal energy or other forms of 
renewable energy [16,17]. 

An EFGT using biomass as a fuel was investigated by Soltani et al. 
[18]. In that study, a conventional Rankine steam cycle constitutes the 
bottoming cycle and is applied for recovery of waste heat. An advan
tageous waste heat recovery method for the gas turbine exhaust is 
through a Rankine steam cycle, which permits good heat extraction from 
the gas turbine exhaust at high energy efficiency; nonetheless, the 
properties of water lead to more sophisticated components which can 
increase the total capital cost of the system. Although equipment design 
and plant layout complexity are reasonable for high capacity gas 
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Nomenclature 

A Surface area 
CETD Cold end temperature difference of heat exchanger 
CTIT Carbon dioxide turbine inlet temperature 
EFGT Externally fired gas turbine 
EFGTRC Externally fired gas turbine combined with recompression 

CO2 
ε Recuperator effectiveness 
GA Gasifier 
GT Gas turbine 
h Specific enthalpy 
hf Specific enthalpy of formation 
HE Heat exchanger 
HTR High temperature recuperator 
HHV Lower heating value 
K Equilibrium constant 
LHV Lower heating value 
LTR Low temperature recuperator 
m Molar quantity of oxygen per kmol of wood in gasifier 
N Molar quantity of any substance per kmol of mixed gas 
MC Moisture content per mole of biomass 
Pi Pressure at state i 
PC Precooler 
PRc CO2 recompression cycle pressure ratio 

Δp Pressure drop 
Rp Pressure ratio 
REC Recompression compressor 
r Universal gas constant 
s Specific entropy 
Ti Temperature at state i 
TIT Gas turbine inlet temperature 
w Amount of water per kmol of paper 
W Work 
x Stream split ratio 
X Number of moles 

Subscripts 
B producer gas after gasification of biomass 
c carbon dioxide 
C compressor 
CC combustion chamber 
g product gas 
G gasifier 
GT gas turbine 
HE heat exchanger 
in input 
i index for thermodynamic state point 
out outlet  

Fig. 1. Externally fired gas turbine combined with SCO2 recompression cycle.  
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turbines, they are not acceptable for internal combustion engines and/or 
gas turbine plants [19,20]. 

These issues can be addressed via SCO2 cycles. By working at high 
cycle pressures throughout, the working fluid has a high density and 
correspondingly utilizes smaller equipment, resulting in lower capital 
costs and environmental impact [21–23]. SCO2 Brayton cycles have 
been investigated for various applications recently, including advanced 
nuclear reactors, geothermal and solar energy, high temperature fuel 
cells, and waste heat recovery from gas turbines. All of these help 
address ecological and environmental pressures and problems of fossil 
energy shortages. Numerous SCO2 Brayton cycle layouts have been 
studied and their performances as bottoming cycles examined [19,21]. 

A combined cycle power plant typically offers higher efficiency 
compared to a semi-closed cycle. This is because a combined cycle in
tegrates gas and CO2 turbines, utilizing waste heat from the gas turbine 
to generate additional electricity in the CO2 gas turbine. This dual-cycle 
configuration enhances overall efficiency and allows for better utiliza
tion of energy resources. In the present work, an EFGT is coupled with a 
recompression SCO2 Brayton cycle to examine the efficiency and ther
modynamic characteristics of this novel system, and to examine the 
potential use of biomass fuel. The novelty of the present study lies in its 
examination of the utilization of a recompression Brayton SCO2 cycle 
and its characteristics as a bottoming cycle for an externally fired gas 
turbine using biomass as the only fuel. This combined cycle is feasible 
and relatively straightforward to construct and maintain, in part because 
of the characteristics of the SCO2 recompression Brayton cycle, which is 
used as a bottoming cycle. The proposed plant has smaller and simpler 
equipment and the EFGT uses a clean working fluid in the gas turbine. 
These characteristics can help in selecting the proper components for the 
plant. 

2. System description 

The considered externally fired gas turbine combined with SCO2 
recompression cycle (EFGTRC) is shown in Fig. 1. Key components of the 
EFGTRC include the heat exchangers, which provide the required heat 
from hot product gases to the working fluids to generate electricity. 

The combined cycle includes bottoming and topping cycles. In this 
paper, the intended topping cycle is similar to that investigated by 
Soltani et al. [18]. The required agent (air) for the gasifier is provided 
from the environment. Datta et al. [8] use a compressor to provide the 
required air for the gasifier. Based on wide accessibility and reasonably 
good LHV, wood is considered as the fuel here. 

An important aspect of using an externally fired layout for the gas 
turbine is that the combustion gases for biomass based fuels are not as 
clean as other fuels such as natural gas. So utilizing this layout may be 
important as the gas turbines are expensive and hard to maintain. 

It is seen in Fig. 1 that the compressed air reaches the gas turbine 
inlet temperature (point 3) via heating with the hot gases that pass 
through heat exchanger 1 (HE1) at point 6. These exiting hot gases then 
heat SCO2 to the required temperature in heat exchanger 2 (HE2) at 
point 7. In the topping cycle, compressed air is heated in HE1 and uti
lized in the gas turbine for power generation instead of using the exiting 
hot gases from the combustion chamber directly. According to some 
studies, ceramic heat exchangers are suitable for operation at high 
temperatures like 1500 K, but usually for steel heat exchangers a 
reasonable working temperature is limited to 1050–1100 K. For higher 
temperatures like 1400 K an advanced heat exchanger is required [24]. 
The temperature difference in HE1 is the key parameter to select the 
system’s bottoming cycle layout. If the temperature difference is too 
low, the exiting hot gases from HE1 are colder and not suitable to permit 
a supercritical closed Brayton cycle as the bottoming cycle, although the 
topping cycle’s performance would be better. 

A recompression Brayton cycle forms the bottoming cycle. It uses 
CO2 as a working fluid. At the LTR exit (point 15), the hot CO2 stream is 
split. One of the separated streams undergoes precooling and 

compression (point 15a and 8), and the other stream is compressed in 
the recompressing compressor (point 10b). After merging at point 10, 
the CO2 stream is preheated by the exiting stream from the turbine at the 
HTR (point 11). Before entering the turbine, the CO2 stream reaches the 
CO2 turbine inlet temperature (CTIT) of the heat exchanger (HE2) using 
gases exiting the combustion chamber (point 12). The maximum tem
perature increase for the precooler (PC) is taken to be 10 K, a limit to 
alleviate environmental issues related to thermal pollution [25]. At 
point 10, the two merging streams (10a and 10b) are considered to be at 
equal temperatures to achieve the optimum value for the stream split 
ratio x [26]. Note that the SCO2 recompression cycle operates over a 
small temperature range because of the utilization of two recuperators, 
which raise the CO2 temperature before it enters HE2. 

System parameters are listed in Table 1 with their values, while as
sumptions invoked in the analyses follow.  

1. The cycles operate at steady state.  
2. Heat transfer with the ambient space can be neglected, except in 

precoolers [21].  
3. Pressure losses are negligible in tubes and heat exchangers.  
4. Cooling water input to the precooler is at ambient temperature and 

pressure. 

3. Energy analysis 

The thermodynamic analysis methodology used here follows that of 
similar studies [8,27,28]. The gasifier is the most significant component, 
so particular attention is paid to it. 

The first law of thermodynamics is applied in order to assess the 
performance of the cogeneration system. The system’s first law effi
ciency, often known as energy efficiency, can be expressed as: 

Energy efficiency=
Ẇnet

ṁbiomassLHVbiomass
(1)  

3.1. Gasifier analysis 

All reactions that take place in the gasifier are assumed to be in 
thermodynamic equilibrium. Before leaving the gasifier, we anticipate 
that the products of pyrolysis combust and reach equilibrium in the 
reduction zone [27–29]. Therefore, the downdraft gasifier can be 
modeled using an equilibrium model. The respective reactions follow: 

C+CO2 ↔ 2CO (2)  

C+H2O ↔ CO + H2 (3)  

C+ 2H2 ↔ CH4 (4)  

Table 1 
System parameters and their values [8,19,21].  

Parameter Value 

Net output power, Pnet 1 MW 
Biomass moisture content by mass 20 % 
Ambient pressure 101.325 kPa 
Compressor isentropic efficiency for topping cycle 87 % 
Gas turbine isentropic efficiency 89 % 
Compressor pressure ratio for topping cycle 7 
CETD for HE2 20 K 
SCO2 minimum pressure 7.4 MPa 
SCO2 maximum pressure 20 MPa 
SCO2 minimum temperature 32 ◦C 
Turbine isentropic efficiency for bottoming cycle 90 % 
Compressor isentropic efficiency for bottoming cycle 85 % 
Recuperator effectiveness 86 % 
CTIT 650 K 
TIT 1200–1400 K  
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CO+H2O ↔ CO2 + H2 (5) 

For methane formation (Eq. (4)), the equilibrium constant is: 

K1 =
PCH4

(PH2 )
2 (6) 

Methane will be formed when carbon and hydrogen combine. This 
reaction, which releases heat, is known as hydrogenolysis or, more 
frequently, the carbon-hydrogen reaction. 

The equilibrium constant for the shift reaction (Eq. (5)) is: 

K2 =
PCO2 PH2

PCOPH2O
(7) 

The shift reaction is the process by which carbon monoxide reacts 
with water to produce carbon dioxide and hydrogen. The reaction 
equilibrium moves to the right in Eq. (5) and supports the creation of the 
H2 and CO2 products at lower temperatures since the reaction also re
leases heat. 

For a gasification process, the major chemical reactions affecting the 
heating value of the products are those involving carbon. The typical 
global gasification equation is [18]: 

CH1.44O0.66 +wH2O+m(O2 + 3.76N2)→ n1H2 + n2CO+ n3CO2 + n4H2O
+ n5CH4 + n6N2

(8) 

Here, w is assigned to the quantity of water per kmol of wood and m 
to the quantity of oxygen per kmol of wood entering the gasifier from the 
environment, while n1, n2, n3, n4, n5 and n6 are the constituent co
efficients for the obtained biofuel. Also, MC denotes the moisture con
tent per mole of wood, expressible as follows: 

MC=
18w

24 + 18w
(9) 

Therefore, 

w=
24MC

18(1 − MC)
(10) 

The value of w is fixed because MC is assumed constant. Balancing 
the main process components (hydrogen, oxygen and carbon) in the 
reaction (Eq. (8)) provides the values of n1 through n6. By obtaining the 
values of the biofuel coefficient we can calculate the values of the 
equilibrium constants for methane formation and the water–gas shift 
reactions [27,29,30]. For methane formation (Eq. (6)) and the shift re
action (Eq. (7)), the respective equilibrium constants are 

K1 =
n5

(n1)
2 (11)  

and 

K2 =
n3n1

n2n4
(12) 

The gasification temperature (Tg) is obtained via an energy balance 
when no heat loss is assumed for the gasifier:  

h◦fwood + wh◦fH2O = n1 (h◦fH2 + Δh) + n2 (h◦fCO + Δh) + n3 (h◦fCO2 +
Δh) + n4 (h◦fH2O + Δh) + n5 (h◦fCH4 + Δh) + n6 (h◦fN2 + Δh)      (13) 

Here, h◦fwood, h◦fH2O, h◦fH2, h◦fCO, h◦fCO2, h◦fH2O, h◦fCH4 and 
h◦fN2are the enthalpies of formation of the gasification products. The 
fuel’s heating value is provided by the enthalpy of formation of wood 
[27]. Utilizing the values of the biofuel coefficients and Tg for Eq. (13) 
simultaneously provides the composition and temperature of the bio
fuel. Table 2 compares the biofuel composition for the present results 
with other studies, considering Tg = 800 ◦C and a 20 % MC. The 
hydrogen percentage calculated here is 18.2 % higher than that for the 
experiment by Alauddin [31],while the experimental percentage of 

carbon monoxide obtained here exceeds by 22.7 % that of Alauddin. 
These two components significantly affect the caloric value of the bio
fuel and have a large impact on biomass usage. The composition of the 
biomass (wood) by mass is reported to be 50 % carbon, 6 % hydrogen, 0 
% nitrogen, 0 % sulfur, 44 % oxygen, and 0 % ash, and the biomass has a 
higher heating value (HHV) of 449,568 kJ/kmol[18]. 

To further evaluate the viability of the simulated gasification process 
with wood, the cold gas efficiency of using biofuel is taken to consid
eration. The cold gas efficiency can be expressed as [27]: 

Cold gas efficiency=
Biofuel LHV

(
kJ

Nm3

)

× Gas production rate
(

Nm3

kg

)

Biomass LHV
(

kJ
kg

)

(14)  

In this study, a cold gas efficiency of about 74.6 % is achieved. 

3.2. Analysis of heat exchangers 

In the present study, heat exchangers have a vital role on the sys
tem’s overall performance, as HE1 provides heat needed for the com
pressed air prior to its input to the gas turbine and HE2 uses the exiting 
hot gases for heat recovery. For a better understanding of this particular 
component, we consider the cold end temperature difference (CETD) of 
the heat exchangers to be fixed. Doing so helps in monitoring the values 
of biomass consumption and exiting temperature of hot gases. Expres
sions to model the heat exchangers are shown in Table 3 and the effect of 
CETD for HE1 is examined in the results and discussion section. 

As the present work has numerous similarities in the case of the 
topping cycle and its components, the combustion chamber of the sys
tem is not discussed here further, as it has been described by Soltani 
et al. [18]. 

Table 2 
Comparison of experimental and model constituent breakdowns (in %) for wood 
with a moisture content of 20 % at a gasification temperature of 800 ◦C.  

Constituent Zainal equilibrium model 
[27] 

Experiment 
[31] 

Present 
study 

Hydrogen 21.06 15.23 18.01 
Methane 0.64 1.58 0.68 
Carbon 

monoxide 
19.61 23.04 18.77 

Carbon dioxide 12.01 16.42 13.84 
Oxygen 0.00 1.42 0.00 
Nitrogen 46.68 42.31 48.7  

Table 3 
Thermodynamic model of EFGTRC system.  

Component Expression 

C WC = 4.76nAir (h2 – h1) 
GT WGT = 4.76nAir (h3 – h4) 
HE1 4.76nAir (h3 – h4) = XG (h5 – h6) 
HE2 nC (h12 – h11) = XG (h6 – h7) 
T WT = nC (h12 – h13) 
MC WMC = (1-x) nC (h9 – h8) 
REC WREC = x nC (h10 – h15) 
HTR ε = T13 − T14

T13 − T10 
, h11 – h10 = h13 – h14 

LTR ε = T14 − T15

T14 − T9 
if minimum in hot side 

ε = T10 − T9

T14 − T9 
if minimum in cold side 

(1-x) (h10 – h9) = h14 – h15 

PC (1-x) nC (h15 – h8) = nW (h17 –h16) 
ηEnergy η = WGT + WT − WC − WMC − WREC

mbiomassLHVbiomass   
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3.3. Recuperator effectiveness 

The recuperator effectiveness is defined as the ratio of the heat 
transfer for a real heat exchanger to the maximum heat transferable, 
where the latter term applies for an ideal heat exchanger with a surface 
area that is infinite. For a generic heat exchanger, two thermal profile 
trends result. The hot side has the minimum heat flow capacity if the 
thermal profiles are divergent, while the cold side has the minimum heat 
flow capacity if they are convergent [19]. Expressions to model the 
recuperators are given in Table 3. 

3.4. Validation 

The present work is simulated and analyzed using Engineering 
Equation Solver (EES) software. The results are considered acceptable 
compared to the results provided by Zainal [27] and Alauddin [31] in 
Table 2, as good agreement is exhibited. All three studies are based on 
using atmospheric air as the gasification agent and a gasification tem
perature of 800 ◦C. 

The SCO2 recompression cycle simulation is based on the study of Wu 
et al. [32] and, as Fig. 2 depicts, the validated data exhibit acceptable 
agreement with the results of Wu et al. 

4. Results and discussion 

To ensure a comprehensive examination of the performance of the 
system considered, four key parameters are selected for a parametric 
study: gas turbine inlet temperature (TIT), CO2 turbine inlet tempera
ture (CTIT), cold-end temperature difference (CETD) for heat exchanger 
HE1 and topping cycle pressure ratio (rp). The parametric study also 
permits an assessment of the optimized parameters. Thermodynamic 
properties of the system when TIT = 1400 K, rp = 7, CTIT = 645 K and 
CETD = 245 for HE1 are provided in Table 4. 

Fig. 3 demonstrates the effect of rp on combined cycle energy effi
ciency for various values of TIT. As shown in this figure, increasing TIT 
raises the value of energy efficiency. TIT has a considerable impact, 
mainly because of the dominant increase in gas turbine power output as 

TIT increases. For a particular rp value, the system energy efficiency 
attains a maximum. This particular value of rp offers the minimum fuel 
consumption for a fixed output, which decreases environmental emis
sions, as seen in Fig. 4. Since the total power generated by the system is 
fixed at 1 MW, the energy efficiency equation presented in Table 3 ex
presses the maximization of energy efficiency. 

Fig. 5 shows the cycle energy efficiency variation with CETD of HE1, 
for fixed values of TIT and rp. At this particular value of rp, as we increase 
the value of CETD, the energy efficiency starts to decrease, which is 
consistent with studies of other researchers [8,12,33]. This energy ef
ficiency reduction occurs because increasing the value of CETD results in 
an increase in biomass consumption, as seen in Fig. 6. Since the pro
duced power is fixed, the observed behavior is justified. 

Fig. 7 illustrates, for the bottoming cycle, the variation of energy 
efficiency with CO2 turbine inlet temperature (CTIT) for several values 
of gas turbine inlet temperature (TIT). The topping cycle energy effi
ciency is seen to increase gradually with CTIT until CTIT = 645 K, above 
which the system energy efficiency decreases as CTIT increases. This 
behavior can be explained by the variation of biomass flow rate as the 
CTIT increases. Biomass usage decreases as CTIT increases and reaches a 
minimum point at CTIT = 645 K and starts to increase beyond this point, 
which is observed in Fig. 8. 

The variations of power production by the topping cycle with CTIT 
validates the biomass flow rate trend, as described above. The topping 

Fig. 2. Comparison of validated data with data from Ref. [32].  

Table 4 
Values of thermodynamic properties for state points in the system.  

State Temperature 
(K) 

Pressure 
(kPa) 

State Temperature 
(K) 

Pressure 
(kPa) 

1 298 101.3 10 487 20000 
2 557.4 709.3 11 529.1 20000 
3 1400 709.3 12 645 20000 
4 938 101.3 13 544 7400 
5 1522 101.3 14 495 7400 
6 802.4 101.3 15 384.5 7400 
7 549.1 101.3 16 298 101.3 
8 305.2 7400 17 308 101.3 
9 366.7 20000     
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cycle’s maximum power output is produced at CTIT = 645 K, as shown 
in Fig. 9. Considering the fact that biomass usage is a minimum at this 
point, the topping cycle has a higher share of total power production as 
total produced power is assumed to be 1 MW. Thus, the maximum waste 
heat recovery from the second heat exchanger occurs at this point. 

Three figures are used to investigate the carbon dioxide emissions of 
the EFGTRC cycle: Fig. 10a, b and c. 

When TIT and CTIT are constant, CO2 emissions of the EFGTRC reach 

a maximum at about rp = 7. When rp and CTIT are constant, CO2 
emissions decrease gradually as TIT increases. When rp and TIT are 
constant, CO2 emissions reach a maximum at about CTIT = 645 K. 

To examine the parameters required for optimum results, we choose 
three cases to further study system performance. These cases are chosen 
to be as close as possible to the optimum system parameters and the 
fixed parameters are: pressure ratio (rp = 7) and CO2 turbine inlet 
temperature (CTIT = 645 K). 

Fig. 3. Variation of energy efficiency for the EFGTRC cycle with pressure ratio (rp) for several gas turbine inlet temperatures.  

Fig. 4. Variation of biomass flow rate with pressure ratio (rp) of the EFGTCC cycle for several gas turbine inlet temperatures.  
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Assumptions are given in Table 5 for each case with results. The 
results in Table 5 provide insights on the impact of the chosen param
eters on the size of the system components. 

Each case has advantages and disadvantages. Considering the 
various aspects of the system, case 2 has some clear advantages like the 
highest energy efficiency and the lowest fuel consumption. The highest 
overall UA for HE1 is associated with case 2 which indicates that the size 
of HE1 can be smaller than in the other cases. However, for the same 
value of LMTD, the overall UA for case 1 is higher than for other cases for 
HE2. Comparing cases 2 and 3, we can infer that an increase in CETD for 

heat exchangers reduces the energy efficiency and overall UA, which 
results in system components being larger [18]. As the components 
become larger, especially the heat exchangers, their costs rise as well. As 
the net power output of the system is constant, it is from an economic 
point of view more advantageous to make the heat exchangers smaller to 
avoid unnecessary extra expenses. 

Note that throughout this paper we consider CETD for HE2 to be 
constant (20 K). Increasing this value, just like HE1, leads to a reduction 
in the value of overall UA. 

Fig. 5. Variation of energy efficiency for the EFGTRC cycle with cold end temperature difference.  

Fig. 6. Variation of biomass flow rate with cold end temperature difference.  
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5. Conclusion 

An externally fired gas turbine coupled with a partial cooling SCO2 
power system integrated with a biomass gasification plant using wood as 
fuel is proposed and examined. It is shown that, at certain values of rp 
and CTIT, we achieve the maximum value of energy efficiency for the 
system. At these particular values, an increase in the value of TIT boosts 
the energy efficiency; contrarily an increase in the value of CETD has a 

negative effect on system energy efficiency. Additionally, with due 
attention to energy efficiency and fuel consumption, case 2 with variable 
parameters of TIT = 1400 K and CETD = 245 K offers more favorable 
performance compared to other cases. However, from an economic 
point of view considering capital investment and maintenance expenses, 
case 3 (TIT = 1400 K, CETD = 275 K) is favorable because the value of 
overall UA is lower for this case, which means the component is smaller. 
Case 1 (TIT = 1200 K, CETD = 245 K) performs worse than the other 

Fig. 7. Variation of energy efficiency with CO2 turbine inlet temperature for several values of gas turbine inlet temperature.  

Fig. 8. Variation of biomass flow rate with CO2 turbine inlet temperature for several values of gas turbine inlet temperature.  

S. Sharafi laleh et al.                                                                                                                                                                                                                           



Renewable Energy 222 (2024) 119874

9

Fig. 9. Variation of topping cycle net power with CO2 turbine inlet temperature.  

Fig. 10. Variation of CO2 emission rate with a) pressure ratio (rp), b) gas turbine inlet temperature, c) CO2 turbine inlet temperature.  
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cases both thermodynamically and economically. The value of x at the 
recompression cycle for case 2 is 0.3803. 
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Table 5 
Comparison of three possible cases for a biomass fired EFGTRC power plant 
having a 1 MW net power output.  

Parameter Case 1 TIT =
1200 K 
CETD HE1 =
245 K 

Case 2 TIT =
1400 K 
CETD HE1 =
245 K 

Case 3 TIT =
1400 K 
CETD HE1 =
275 K 

Mass flow rate (kg/s) 
Biomass 0.1999 0.1745 0.1774 
Air 3.447 2.688 2.601 
CO2 7.475 5.962 6.518  

Energy efficiency 
(%) 

0.3559 0.4118 0.4051  

Heat rate (kW) 
HE1 2480 2576 2492 
HE2 1008 788.9 854.8  

Temperature difference (K) 
LMTDHE1 200.6 176.4 207.5 
LMTDHE2 53.48 53.48 58.58  

Overall UA (kW/K) 
UAHE1 12.36 14.61 12.41 
UAHE2 18.85 14.75 14.12  
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