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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

A detailed model is developed in Aspen HYSYS for simulating the operation of a triple-pressure reheat combined 
cycle gas turbine (CCGT) power plant. To our knowledge, this is the first such model in the literature. A comparison 
with an equivalent GateCycle model shows that the predictions of the two models (Aspen HYSYS and GateCycle) 
are comparable. The average relative deviations for the power outputs and thermal efficiencies of the gas turbine, 
steam cycle, and CCGT plant are less than 2.0%. The minor discrepancies are primarily from the differences in gas 
enthalpy correlations. On the other hand, Aspen HYSYS may have some advantages over GateCycle. First, its use 
of the well-proven real-gas Peng-Robinson fluid package may give more accurate predictions. Second, it allows 
easy integration with various energy systems such as CO2 capture, organic Rankine cycles, fuel cells, LNG 
terminals, air separation, absorption chillers, etc. Third, its model can be made dynamic for predicting the real-time 
behaviour of a CCGT plant.   
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1. Introduction 

Global warming has become a great concern of our modern society. CO2 is considered as the main cause 
of global warming, and more than 40% of the CO2 emissions stem from the power industry [1]. Owing to the 
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lower, cleaner emissions and higher thermal efficiencies, combined cycle gas turbine (CCGT) power plants are 
increasingly preferred over their coal-fired counterparts [2]. Some countries like Singapore produce more than 
96% of their electric power from CCGT plants[3].  

Since the power demand varies frequently, a CCGT plant often runs in part-load conditions, where its 
power output is lower than its design capacity. For instance, a gas turbine power plant in Nigeria produced only 
64.3% of its nameplate capacity from 2001 to 2010 [4]. The part-load operation arises from several reasons. 
First, the power demand is hardly steady and rarely equals the design capacity. Second, many countries 
mandate power plants to maintain spinning reserves (surplus capacity) to guard against unforeseen peaks in 
demands. Third, a power plant may often be overdesigned to buffer against demand uncertainties. As expected, 
the thermal efficiency of a power plant decreases as the operation drifts away from the design condition. 
Therefore, there are strong incentives for improving the plant performance during part-load operations. Clearly, 
rigorous simulation models that accurately capture the full details of a CCGT plant’s part-load operations are 
valuable and necessary. Such simulation models are the foundation for a variety of routine operational tasks 
such as benchmarking, process control, process optimization, condition monitoring, fault diagnosis, 
performance analysis, and performance improvement.  

In this work, we present a model in Aspen HYSYS [5] for simulating the operation of a CCGT plant. Aspen 
HYSYS is a powerful process simulator with a large library of ready-made component models and in-built property 
packages. It allows the static/dynamic modeling of a wide variety of complex chemical/hydrocarbon fluid-based 
processes by simply connecting various modules using material and energy streams. This enables the simulation of 
various energy systems or options other than just power plants. Hence, a simulation model in Aspen HYSYS for 
CCGT plants allows easy integration with various energy systems such as CO2 capture, ORCs, fuel cells, LNG 
terminals, air separation, absorption chillers, etc. Moreover, it can be made dynamic for predicting the real-time 
behaviour. 

2. Simulation in Aspen HYSYS 

 Fig. 1 shows a triple pressure reheat CCGT plant. The equations that describe the off-design operations of 
various CCGT components are mainly presented in [6]. In this work, we implement those equations in Aspen 
HYSYS to simulate the operation of the CCGT plant. Detailed simulation description can be found in [7]. We use 
Peng-Robinson fluid package for air, fuel, and exhaust gas, and ASME steam table for water and steam. Fig. 2 
shows the complete block flow diagram (BFD) for the CCGT plant in Aspen HYSYS. 

 
Fig. 1. Schematic of a triple-pressure reheat CCGT power plant. 
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Fig. 2. Block flow diagram (BFD) for the CCGT plant in Aspen HYSYS: (a) Gas turbine (GT), (b-c) Steam cycle 
(SC). 
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3. Comparison of Aspen HYSYS and GateCycle simulation models 

 Since GateCycle [8] is a widely used commercial software in the power industry, it is useful to see how the 
results from Aspen HYSYS and GateCycle compare with each other. For this, we construct an equivalent model in 
GateCycle and evaluate the relative deviations (RD) between the two models (Aspen HYSYS and GateCycle) 
defined as follows: 

HYSYS Result-GateCycle Result(%) 100
GateCycle Result

RD    (1) 

3.1. Gas turbine (GT) performance 

Fig. 3 shows the relative deviations for the key operating parameters of the compressor and turbine. Nearly 
all are within 1.0%. Moreover, the average deviation is 0.5% for the parameters in Fig. 3. After a thorough analysis 
of how Aspen HYSYS and GateCycle work, we conclude that the minor discrepancies are due to the differences in 
the gas property calculations. For gas properties, GateCycle uses NASA method [9], in which ideal gases are 
assumed. In contrast, Aspen HYSYS uses the Peng-Robinson equation-of-state [10], which is based on the 
experimental data. The NASA method uses two separate fourth-order (5-parameter) polynomials to compute the 
enthalpies below and above 1000 K (726.85 °C). Aspen HYSYS computes the enthalpies directly from the Peng-
Robinson equation-of-state. Aspen HYSYS predicts a higher (lower) enthalpy below (above) 1000 K than 
GateCycle. The differences in the enthalpy predictions affect the complex interactions between the compressor and 
turbine, represented by the matching between the compressor map and turbine characteristics. This leads to the 
minor discrepancies shown in Fig. 3. Hence, Aspen HYSYS predicts a lower GT power output and efficiency than 
GateCycle, as shown in Fig. 4. Moreover, as the plant load decreases, the differences in enthalpy predictions drive 
the GT power output and efficiency of Aspen HYSYS farther way from GateCycle. While the maximum deviations 
are within 3.2%, and the average deviation is within 2.0%, Aspen HYSYS may be more accurate, as it uses the 
Peng-Robinson equation-of-state specifically meant for real gases. 

3.2. Steam cycle (SC) performance 

Fig. 5 shows the relative deviations for the operating parameters of HPST, IPST, and LPST. Since both 
Aspen HYSYS and GateCycle use the ASME steam table for water and steam, their differences are primarily from 
their gas models. Aspen HYSYS predicts higher steam flows, and higher ST power outputs than GateCycle due to 
two reasons. The first is the higher gas enthalpy from Aspen HYSYS, as the SC operates below 1000 K, and the 
second is the higher turbine exhaust flow (see Fig. 3(b)). However, the steam pressures and temperatures for HPST, 
IPST, and LPST are all less than 0.6% from the two models, and steam flows and power outputs are within 2.4%. 
Moreover, the deviations in SC power output and efficiency range between 1.2% and 2.0% as shown in Fig. 4, and 
the average deviation is less than 1.5%. 

3.3. CCGT performance 

Fig. 4 shows the relative deviations for the plant power output and efficiency. Aspen HYSYS predicts a 
relatively lower power output and efficiency than GateCycle, as the GT power output dominates the total output. 
The relative deviations are the largest (smallest) at 40% (100%) plant load. However, they are at most 1.0%, and 
their average is less than 0.6%. The reason is that Aspen HYSYS predicts a higher SC power output, which 
compensates its lower GT output. By comparing the predictions from Aspen HYSYS with those from GateCycle, 
we conclude that the predictions from the two simulation models are comparable. 
 Overall, Aspen HYSYS may have an edge over GateCycle, as its model can be easily integrated with various 
energy systems (e.g. CO2 capture, ORCs, fuel cells, LNG terminals, air separation, absorption chillers, etc.), which 
is not possible with GateCycle. 
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4. Conclusions 

We presented a comprehensive model for simulating the part-load operation of a triple-pressure reheat CCGT 
plant in Aspen HYSYS. To our knowledge, this is the first such model in the open literature. A comparison with an 
equivalent GateCycle model for 40-100% part-loads showed that the predictions from the two models (Aspen 
HYSYS and GateCycle) are comparable. The relative deviations for the most key operating parameters of the GT 
and SC are within 1.0%, and 0.6%. Moreover, the average deviations for the power outputs and thermal efficiencies 
of the GT, SC, and CCGT plant are less than 2.0%, 1.5%, and 0.6%, respectively. We believe that these minor 
deviations primarily originate from the differences in gas enthalpy correlations. 

Aspen HYSYS may have an edge over GateCycle due to several reasons. First, its use of the well-proven 
real-gas Peng-Robinson fluid package may give more accurate predictions. Second, Aspen HYSYS allows easy 
integration with a variety of energy systems or options such as CO2 capture, ORCs, fuel cells, LNG terminals, air 
separation, absorption chillers, etc. Third, its model can be made dynamic for predicting the real-time behavior of a 
CCGT plant.  

 
Fig. 3. Relative deviations for the operating parameters of the compressor (a) and turbine (b).  

 

Fig. 4. Relative deviations for the power outputs and efficiencies of the GT, SC, and CCGT plant. 
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Fig. 5. Relative deviations for the operating parameters of HPST (a), IPST (b), and LPST (c). 
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