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Executive Summary 

The Astoria plant and Plant two are two plants that are located in Georgia that are representative 
of a two Brayton and one Rankine combined cycle.  

As per the provided excel manual by the instructor, during the previous year, the Astoria plant 
generated a total 2,546,292 MWh of energy. Plant two has generated 4,317,899 MWh of energy 
in the previous year.  

In addition to the energy generation, the excel manual also provides fuel consumption data. In 
the previous year, the Astoria plant consumed 28,054,045 MMBtu of fuel. The excel manual 
does not provide any energy consumption data on Plant two. 

Calibrated models were made to replicate the performance of the plant data provided by the 
excel manual. 

Intensive modeling of the two plants revealed the many key findings.  

In terms of thermodynamic efficiency, the Astoria calibrated plant displayed an efficiency of 
73.13% and the Plant two calibrated plant displayed an efficiency of 71.85%. 

In terms of total power output, the Astoria calibrated plant displayed a power output of 2,106,000 
MWh while the Plant two calibrated plant displayed a power output of 4,103,000 MWh. This is 
the total power generated in a given year. The power generation calculated by the calibrated 
plants closely resemble that of the real power generation data.  

In terms of economic performance of the plants, the Astoria calibrated plant displayed a LCOE 
of .039 $/kWh and the Plant two calibrated plant displayed a LCOE of .067 $/kWh. 

These findings are adherent to the expected values of the real model, however; certain factors 
must be considered to the calibrated model. The calibrated model is purely an estimation to the 
performance of the real plant.  

The model does not account for the lifespan of the cycle. It is expected that the plant's efficiency 
and workout output will slightly decrease over time, however; the calibrated model assumes a 
constant performance of the data of the lifespan of thirty years for both plants. 

Additionally, the calibrated model is not able to  account for seasonal changes. The calibrated 
model assumes an ambient condition of 300 K over the lifespan of the plant. Seasonally, it is 
expected that the ambient conditions will fluctuate over time. This can be noticed in the excel 
manual that displays varying fuel consumption and energy generation over different months.  

As a result, the calibrated model is not a means of defining the real world performance of the 
plants, but rather a means of evaluating the relative performance of the plants and analyzing how 
certain parameters can affect the performance of the plants. This allows for means to evaluate 
methods to improve the work output of the plant or improvement to the total thermodynamic 
efficiency of the plant. 



Motivation 

In project one, two plants were introduced to the team: Astoria Plant and Plant Two. Both plants 
are systematically similar: a combined cycle with two Brayton cycles and one Rankine cycle. In 
adherence to the material taught from the course, the team was to analyze the performance of the 
two plants. This includes three important categories: engineering, techno-economic, emission. 

For the purpose of the general study of the two specified plants, the Brayton cycles (Figure 1) 
and Rankine cycle (Figure 2) were initially individually modeled. Initial state points were 
provided by the project manual (Figure 3). A majority of the missing state points were obtained 
using the first law of thermodynamics (Figure 4). At the Rankine level, state points that existed 
within the vapor dome for the Rankine cycle, the relationships in Figure 5 were used to identify 
missing state points. At the Brayton level, the pressure ratio relationship was utilized to find 
missing state points at the compressor and turbine (Figure 6). The following EES code represents 
the full methodology to the Brayton and Rankine models.  

For cycle incorporation, the HSRG is introduced. The HSRG allows for the subsystems to 
transfer heat in order to maximize system power output. The Brayton cycles feed to the stack. 
The Rankine cycle feeds to the cooling tower. The formula shown in Figure 7 displays the 
methodology to obtain the total integrated power. The following EES code represents the full 
methodology to the combined model. 

The project manual provides data to the technical and economical performance of the specified 
plants (Figure 8). The formulas demarcated in Figure 9 represent the methods used to specify the 
plant's performance. The calculated performance was compared to the real performance provided 
by the project excel sheet. The following EES code represents the full methodology to the model 
comparison. 

Exergy was additionally studied. Defined by the potential to do additional work, it was crucial to 
analyze the exergy at each state point for both the Rankine and Brayon cycle. This allows the 
team to understand the maximum amount of useful work that can be extracted from the system. 

Parametric analysis was also additionally studied. This allows for certain identified features of 
the system to be made variable. As a result, the system can be analyzed over a range of values 
rather than a constant.  

In both Exergy and Parametric analysis, the possible methods to the improvement of the system 
efficiency can be evaluated. By evaluating where improvement to the system efficiency can be 
performed, the team is able to determine how much more power can be generated given the 
current power generation of the plant. 

Despite similar modeling to the performance of the Astoria Plant and Plant Two, it is important 
to identify key limitations. In the Brayton cycle analysis, the k value is assumed to be 1.4, 
however; the value of k does slightly reduce at higher operating temperatures. Additionally, 
seasonal changes are not considered in this analysis, which would greatly vary the ambient 
temperature of the year.  

 



Major Results 

After the modeling of the Brayton cycle subsystem, Figure 10 displays the key results of the 
model. As shown, the total work output of the individual Brayton cycle is deemed to be 806 
Kj/kg. With the heat addition being 1232 kJ/kg, the Brayton cycle thermodynamic efficiency is 
65.44%. This thermodynamic efficiency is expected to be higher than a cycle absent of the 
regenerator. This is because the regenerator allows the working fluid to be preheated from the 
wasted heat in order to conduct maximal work output at the turbine. Without the regenerator, a 
significantly lower efficiency can be expected.  

The results of the Rankine cycle subsystem model are also shown in Figure 11. The net work of 
the rankine cycle remains the same with and without regeneration at 1252 kJ/kg. Additionally, 
the thermodynamic efficiency is 36.24% without the regenerator and 36.34% with the 
regenerator. The marginal change in the thermodynamic efficiency is due to the reduced pressure 
due of 10 kPa. The minimal pressure results in low temperature through the regenerator. As a 
result, the temperature difference of the regenerator is extremely low, thus there is minimal heat 
transfer occurring. 

In consideration of the Brayton and Rankine subsystem, the HSRG is considered. Shown in 
Figure 12, it is noticed that the Brayton and Rankine cycle overlap in temperature. This would 
indicate that negative heat transfer is occurring between the Brayton and Rankine cycle in the 
system.  

The negative heat transfer is thermodynamically impossible which is understood when observing 
the state points at the HSRG. At the Brayton inlet of the HSRG, a temperature of 782 Kelvin was 
specified by the manual. At the Rankine outlet of the HSRG, a temperature of 870 Kelvin is 
specified by the manual. This would break the integrity of the second law of thermodynamics as 
this would assume a higher transfer of heat than was available.  

Possessing the subsystem design of the Rankine and Brayton cycle, the Astoria plant and Plant 
two were modeled. 

From the model, it was noticed that the work of the Rankine cycle was significantly higher than 
the work of the Brayton cycle. The work of the Rankine cycle was 3096 kJ/kg and the work of 
the Brayton cycle was 503.3 kJ/kg (Figure 13 and 14).  

Although initially surprising, the nature of the integrated cycle must be understood. The 
integrated cycle assumes no regeneration which reduces the amount of work that can be 
produced by the turbine from the Brayton cycle. Additionally, the HSRG from the integrated 
cycle allows for the heat of the air to be transferred to the Rankine cycle. This would increase the 
work output of the turbine on the Rankine cycle.  

Shown in Figure 14, the Astoria plant produced a gross capacity of 595500 kW after the 
reduction from the parasitic loads. This converts to 2,106,000,000 kWh which is 2,106,000 
MWh. The actual electricity generation of the plant was noted to be 2,546,292 MWh.  

Shown in Figure 13, Plant two displays a calibrated power generation of 4,103,000,000 which is 
4,103,000 MWh.The actual electricity generation of the plant was noted to be 4,317,899 MWh.  



In both the Astoria plant and Plant two, there is a reduction in the electricity generation 
compared to the real model. A possible reason for the discrepancy is due to the lack of 
regenerator on the Brayton cycle for the calibrated models. As previously mentioned, the 
regenerator utilizes wasted heat to retrieve more work out of the turbine shaft. Thus, the absence 
of a regenerator would reduce the efficiency and ability to provide more power.  

Along with the power generation, the Astoria plant is calibrated to have a thermodynamic 
efficiency of 73.13% (Figure 14). Plant two is calibrated to have a thermodynamic efficiency of 
71.85% (Figure 13) 

The thermodynamic efficiency of both plants is very reasonable. Both the Brayton and Rankine 
cycle as a subsystem does not reach thermal efficiencies beyond 70%. For the integrated plant, 
the HSRG serves to transfer the heat from the outlet of Brayton cycle to the Rankine cycle before 
the steam is received to the turbine. As a result, the more work can be extracted from the system 
and the thermodynamic efficiency would be expected to increase.  

Despite similar state points, Plant two has a lower thermodynamic efficiency than Astoria plant 
due to the larger input of fuel than the Astoria plant.  

In addition to the technical findings, the economic findings were also considered. For Plant two, 
the LCOE over the span of the 30 year life cycle of the plants was set to be .067 $/kWh (Figure 
15). This is slightly larger than the current price of power in Georgia at .042 $/kWh. For the 
Astoria plant, the LCOE over the span of the 30 year life cycle of the plants was set to be at .039 
$/kWh (Figure 16). This is very close to the current price of power in Georgia.  

As previously mentioned, the LCOE of energy for both the Astoria plant and Plant two fall very 
close to the current cost of power in Georgia. This would indicate that the calibrated model 
accurately measures the cost of energy from the plants and the total fuel consumption of the 
plants are relatively accurate. 

As a result of the higher name plate capacity, Plant two requires more CAPEX (Investment cost) 
and O&M (Operations and Management cost) than the Astoria plant. Thus, it is expected for 
Plant two to have higher LCOE than the Astoria plant despite identical project life, and discount 
rate.  

In consideration to the real plant performance, it is important to understand that all parameters to 
the system are meticulously selected. Ideally, maximizing all the parameters such as turbine 
efficiency would allow for maximal performance, however; the technical performance of the 
system cannot be understood without the economical performance of the system integrated.  

In many circumstances, the increase in a parameter performance cannot be justified by the larger 
cost in order to achieve that parameter value. As a result, the Astoria plant and Plant two are 
created with consideration on how to maximize energy output while minimizing the cost to 
produce that energy. If this was not considered, the LCOE of both plants would be significantly 
larger than competitor prices.  

 



Conclusion 

The real world performance of the Astoria plant and Plant two is closely replicated by the 
calibrated model created by the team. From the calibrated model, it has been estimated that the 
LCOE for the Astoria plant is .039 $/kWh and the estimated LCOE of Plant two is .067 $/kWh. 

Despite relatively fair LCOE from both the Astoria plant and Plant two, measures can be taken to 
reduce the LCOE. Exergy analysis can be utilized to find where additional work can be 
extracted. Parametric analysis can be utilized to determine how variable parameters can affect 
the plant system performance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 

 

 

Figure 1: Brayton Cycle  

 

 

 

Figure 2: Rankine Cycle 

 

 

 



 

Figure 3: Given State Points 

 

 

 

Figure 4: First Law of Thermodynamics 

 

 



 

 

 

Figure 5: Rankine Real Cycle Analysis Equations 

 

 

 

Figure 6: Brayton Real Cycle Analysis Equations 

 

 

 

Figure 7: Combined Cycle Power Equations (Sum is total power) 

 

 

 



 

 

 

Figure 8: Technical and Economic Parameters of Plants Provided by Manual 

 

 

 

 

 

 



 

 

Figure 9: Equations to Solve LCOE 

 

 

 

Figure 10: Brayton Subsystem Analysis 

 

 

Figure 11: Rankine Subsystem Analysis 



 

 

Figure 12: HSRG Plot 

 

 

 

Figure 13: Plant 2 Combined Cycle Analysis 

 

 

 

Figure 14: Astoria Plant Combined Cycle Analysis 



 

 

Figure 15: Technoeconomic Analysis Plant 2 

 

 

 

Figure 16: Technoeconomic Analysis Astoria Plant 

 

 

 

  


