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Abstract 
Coal-fired steam power plants (PLTU) remain essential in electricity generation, especially in countries with abundant 
coal resources. Thermodynamic modeling based on the Rankine cycle is crucial for both educational and design 
purposes, but commercial software is often costly and less accessible. This study develops a low-cost simulation tool 
using Microsoft Excel and VBA to model the Rankine cycle in PLTU systems. Users can input operating parameters, 
calculate thermodynamic properties using IAPWS-IF97 formulations, and evaluate system efficiency through energy 
balance analysis. The user-friendly interface features real-time efficiency graphs and energy flow diagrams. 
Validation results show deviations of less than 5% for key parameters, making this tool effective for engineering 
education, preliminary feasibility studies, and local research in thermal power generation. 
 
Keywords: PLTU simulation, Excel VBA, Thermal power plant modeling, Energy efficiency.  

 
Abstrak 

PLTU berbahan bakar batu bara masih berperan penting dalam pembangkitan listrik, terutama di negara dengan 
sumber daya batu bara melimpah. Pemodelan termodinamika berbasis siklus Rankine sangat penting untuk 
pendidikan dan perancangan, namun software komersial seringkali mahal dan sulit diakses. Studi ini 
mengembangkan perangkat lunak simulasi berbiaya rendah menggunakan Microsoft Excel dan VBA untuk 
memodelkan siklus Rankine pada PLTU. Pengguna dapat memasukkan parameter operasi, menghitung properti 
termodinamika dengan rumus IAPWS-IF97, dan mengevaluasi efisiensi sistem melalui neraca energi. Antarmuka 
dirancang ramah pengguna dan dilengkapi grafik efisiensi serta diagram aliran energi secara real-time. Hasil validasi 
menunjukkan deviasi kurang dari 5% untuk parameter utama, menjadikan alat ini efektif untuk pendidikan teknik, 
studi kelayakan awal, dan riset lokal di bidang pembangkitan listrik termal. 
 
Kata Kunci: Simulasi PLTU, Excel VBA, Pemodelan PLTU, Efisiensi energi. 

1. Introduction 

Coal-fired steam power plants (Pembangkit Listrik Tenaga Uap – PLTU) remain a 
cornerstone of electricity generation in many countries, particularly in Southeast Asia, due to the 
abundance of coal resources and the maturity of the underlying technology. The thermodynamic 
operation of a PLTU is governed by the Rankine cycle, which involves the transformation of 
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thermal energy into mechanical and then electrical energy. Optimizing the performance of this 
cycle is crucial to improving plant efficiency and reducing environmental impacts. 

Engineering analysis of the Rankine cycle typically requires simulation tools that can 
evaluate state properties, component performance, and overall energy balances. While 
commercial software such as EBSILON Professional, Thermoflex, and Cycle-Tempo provides 
robust capabilities for such analysis, their use is often constrained by high licensing costs, steep 
learning curves, and limited access in educational and resource-limited settings. 

In this context, Microsoft Excel, enhanced with Visual Basic for Applications (VBA), 
presents a practical alternative. Excel is widely available, familiar to engineering students and 
practitioners, and can be transformed into a dynamic simulation platform using VBA to manage 
data input, iterative calculations, and graphical output. Despite its simplicity, Excel VBA has been 
successfully utilized in previous studies for modeling thermodynamic cycles, though most are 
limited in scope or educational. 

This paper presents the development of a dedicated engineering simulation software for 
coal-fired power plant (PLTU) systems using Excel VBA, focusing exclusively on the Rankine cycle. 
The tool enables users to input pressure, temperature, enthalpy, and efficiency parameters to 
simulate key PLTU components such as the boiler, turbine, condenser, and feedwater pump. It 
calculates energy transfers, thermal efficiency, and work output while providing clear numerical 
and graphical outputs. The software is designed to be modular, open-access, and educationally 
oriented, with potential for use in both academic and early-stage industrial settings. The 
remainder of this paper is organized as follows: Section 2 reviews relevant literature on Rankine 
cycle simulation tools and spreadsheet-based modeling platforms. Section 3 describes the 
methodology and software architecture. Section 4 presents a case study and validation of the 
model. Section 5 discusses the results and potential improvements. Section 6 concludes with 
implications and future development directions. 

The primary objective of this study is to develop a transparent, low-cost, and 
educationally accessible simulation software for analyzing the Rankine cycle in coal-fired power 
plants using Microsoft Excel and VBA. By integrating thermodynamic calculations with a modular 
software structure and visual feedback, the tool aims to bridge the gap between theoretical 
learning and practical engineering applications, especially in resource-limited environments. This 
paper is organized as follows: Section 2 reviews related literature and previous Excel-based 
thermodynamic simulation tools. Section 3 explains the methodology and software architecture. 
Section 4 presents the case study, simulation results, and model validation. Section 5 discusses 
key findings, and Section 6 concludes the paper with recommendations for future development. 

2. Literature Review 

Coal-fired steam power plants (PLTU) remain a significant contributor to global electricity 
production, especially in developing countries such as Indonesia. The efficiency and reliability of 
PLTU systems are closely tied to the thermodynamic performance of the Rankine cycle, which 
forms the backbone of steam-based power generation. To analyze and optimize such systems, 
engineers rely on simulation tools capable of modeling energy flows, thermodynamic states, and 
system behavior under various operational conditions. 

Numerous commercial tools have been developed to simulate the Rankine cycle with high 
accuracy. Software such as Thermoflex, Cycle-Tempo, and EBSILON Professional provides 
comprehensive thermodynamic libraries, component modeling, and graphical interfaces. 
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However, their high cost, proprietary nature, and complex interfaces present challenges, 
particularly in academic environments, small engineering firms, and developing regions. 

To overcome limitations of conventional tools, researchers have explored low-cost and 
educationally accessible simulators. Microsoft Excel, enhanced by its built-in Visual Basic for 
Applications (VBA), offers a powerful yet user-friendly environment for automating complex 
thermodynamic calculations and simulations (El-Awad and Elseory 2013). 

Several studies have demonstrated the viability of Excel in cycle simulation: 

1. Microsoft Excel, equipped with specialized thermodynamic add-ins and Solver, can 
accurately model regenerative Rankine cycles with a single bleed point, including 
optimization of bleed extraction pressure and strong validation against established 
benchmarks (Dan-Asabe and Nasser 2014). 

2. Rankine cycle template utilizing Excel and VBA, which integrates CoolProp for steam 
properties and automatically generates both PPP-vvv and TTT-sss diagrams, emphasizing 
transparency and ease of use in educational settings (“Rankine Cycle Template” 2024).  

3. In parallel fields, (Jirjees and Abdullah, n.d.) demonstrated that spreadsheet-based Monte 
Carlo simulation frameworks built with Excel VBA can support robust engineering 
analyses, particularly when combined with user-defined functions, highlighting their 
potential for structured and validated modeling. 

4. (Hidayat et al. 2021) developed OBLinP-APS v.01, a VBA-based Excel tool for optimizing 
irrigation water management using linear programming and simulation. Validated against 
manual calculations, the tool delivers accurate results and speeds up computation. 
Though graph scaling requires manual adjustment, the application showcases Excel-VBA's 
flexibility in modeling real-world optimization problems in civil engineering. 

5. (Senen 2019) developed a Visual Basic-based application to calculate power system 
reliability indices such as LOLP (Loss of Load Probability) and EENS (Expected Energy Not 
Served). The tool addresses the complexity of manual calculations by automating the 
process for up to seven generator units, improving accuracy and efficiency in assessing 
power plant reliability. 

6. (Dumka et al. 2024) demonstrates the use of Microsoft Excel to simulate a Rankine cycle 
with a single bleed point. Thermodynamic properties are calculated using specialized 
Excel-based tools and validated against existing literature. Energy balance analysis is 
applied to each component of the cycle, with a focus on evaluating extraction pressure 
and steam mass fraction to assess cycle performance. 

7. (El-Awad 2024) developed a combined thermodynamic model that integrates the Organic 
Rankine Cycle (ORC) with the Trilateral Flash Cycle (TFC) using a cascade condenser to 
harness low-temperature heat sources. The model, implemented entirely in Microsoft 
Excel with VBA-based fluid property functions, demonstrated that the combined cycle 
offers higher thermal efficiency than either ORC or TFC alone. Comparative simulations 
using R152a and R1234yf confirmed the flexibility of Excel-VBA in modeling complex, 
dual-fluid thermodynamic systems and validating results against published data. 

8. (Valverde et al. 2024) proposed a methodology for performing exergy analysis—covering 
physical, chemical, and total exergy as well as exergy destruction and efficiency—by 
integrating Aspen HYSYS with Microsoft Excel via OLE automation and VBA. Their VBA-
based tool computes chemical exergy by simulating an auxiliary flowsheet involving 
mixers, heaters, and separators. The method was validated using single-stream analysis 
and applied to complex unit operations such as CO₂ mixing, distillation columns, reactors, 
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and systems with multiple recirculations, demonstrating its potential for evaluating and 
comparing alternative process configurations. 

 Despite this growth, there remains a gap in fully validated, modular, and customizable 
Excel-VBA tools tailored explicitly for coal-fired power plants (PLTU) using a regenerative Rankine 
cycle. This study addresses that gap by offering: 

1. Comprehensive modular architecture (input, process, output) 
2. Property calculations via IAPWS-IF97 
3. Accurate point-by-point thermodynamic analysis 
4. Easy extensibility via VBA for educators and engineers 

This study addresses that gap by presenting a dedicated simulation software for coal-fired 
steam power plants (PLTU) built entirely in Excel VBA. The tool models the complete Rankine 
cycle, including boiler, turbine, condenser, and feedwater pump components. It enables users to 
input cycle parameters, view energy balance calculations, and evaluate overall plant efficiency. 
The tool is aimed at enhancing accessibility, particularly for educational and preliminary design 
purposes in regions with limited access to high-end engineering software.  

3. Methodology and Software Architecture 

3.1. Rankine Cycle Structure in PLTU Systems 

The foundation of a coal-fired power plant (PLTU) lies in the Rankine cycle, a 
thermodynamic process that converts heat into mechanical work. The basic components include: 

1. Boiler 
Converts feedwater into high-pressure, high-temperature steam using coal combustion. 

2. Steam Turbine 
Expands the steam to produce mechanical work. 

3. Condenser 
Cools and condenses the exhaust steam back into liquid water. 

4. Feedwater Pump 
Pressurizes the condensed water to return it to the boiler. 

The cycle is illustrated in Figure 1, with enthalpy changes labeled at each state point. The 
system is modeled as a closed cycle with steady-state, steady-flow assumptions, neglecting 
potential and kinetic energy effects. 

3.2. Software Architecture in Excel VBA 

The simulation software was developed in Microsoft Excel using Visual Basic for 
Applications (VBA) as the core computational engine. The tool is modular, consisting of input 
sheets, output dashboards, and a VBA back-end for calculations. The main modules include: 

1. Input Module 
Collects cycle parameters such as boiler pressure and temperature, condenser pressure, and 
pump isentropic efficiency, turbine isentropic efficiency, steam extraction fraction, and 
specific volume (derived from saturation calculation). 

2. Calculation Module 
Uses built-in Excel functions and VBA procedures, applies enthalpy and entropy relationships 
as described above, and dynamically recalculates if inputs are modified. Processes 
thermodynamic equations based on approximated correlations. 
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3. Output Module 
Enthalpy and entropy at all seven key state points, Work output from each turbine, Pump 
work input, Net specific work, heat input, and thermal efficiency, Power output (when mass 
flow rate is entered). Displays results such as enthalpies at state points, work output, heat 
input, and cycle efficiency (Çengel and Boles 2014). 

 

Figure 1. Schematic of Rankine cycle regenerative in PLTU 
(Wikipedia 2025, “Feedwater heater”) 

Thermodynamic Formulas Used: 

1. Pump Work 

𝑊𝑝𝑢𝑚𝑝 =
𝑣 (𝑃𝑜𝑢𝑡−𝑃𝑖𝑛)

𝜂𝑝𝑢𝑚𝑝
         (1) 

2. Enthalphy at Pump Outlet 

ℎout  =  h𝑖𝑛  −  W𝑝𝑢𝑚𝑝        (2) 

3. Mixing Point (at Feedwater Heater) 

ℎ3 =  h2  +  𝑦(h6  −  h2)        (3) 

4. Turbine Work High-Pressure Turbine (HPT) 

𝑊𝐻𝑃𝑇 = 𝑦 (ℎ5 − ℎ6)          (4) 

5. Turbine Work Low-Pressure Turbine (LPT) 

𝑊𝐿𝑃𝑇 = (1 −  𝑦) (ℎ6 − ℎ7)         (5) 
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6. Quality of Wet Steam (at Turbine Exit) 

𝑥 =
(s6−s𝑓)

𝑠𝑓𝑔
           (6) 

7. Enthalpy of Wet Steam 

ℎ7 = ℎ𝑓 +  𝑥 (ℎ𝑓𝑔)         (7) 

8. Net Work Output 

𝑊𝑛𝑒𝑡 = 𝑊𝐻𝑃𝑇  +  𝑊𝐿𝑃𝑇  − (𝑊𝑝𝑢𝑚𝑝1  +  𝑊𝑝𝑢𝑚𝑝2)   (8) 

9. Heat Input from Boiler 

𝑄𝑖𝑛 = ℎ5  −   ℎ3                               (9) 
10. Thermal Efficiency 

𝜂𝑡ℎ𝑒𝑟𝑚𝑎𝑙 =
W𝑛𝑒𝑡

𝑄𝑖𝑛
     (10) 

Note: All enthalpy (h) and entropy (s) values are obtained using standard steam property tables 
(IAPWS-IF97), approximated or pre-tabulated in the Excel-VBA-based simulator. 

3.3. Input-Output Flow and User Interface 

The software employs a clear input-output architecture, as illustrated in Figure 2. 

 

Figure 2. Input-Process-Output flowchart of the PLTU simulator 

User Input Parameters: 

a. Condenser pressure (P1) 
b. Turbine inlet temperature (T1) 
c. Boiler pressure (P2) 
d. Pump isentropic efficiency (ηpump) 
e. Turbine isentropic efficiency (ηturbine) 
f. Mass flow rate of steam (ṁ) 
g. Extraction steam mass fraction (y) 
h. High Pressure Turbine Out (P6) 

Calculated Outputs: 

a. Enthalpy values at each state (h1–h4) 
b. Turbine and pump work 
c. Heat input and output 
d. Thermal efficiency (η) 
b. Power Output Total (MW) 
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Figure 3. Flowchart of Rankine Cycle Simulation Logic (Excel VBA) 

The Excel interface uses data validation dropdowns, auto-calculation buttons, and users 
can simulate different scenarios by modifying inputs and instantly seeing the results. 

3.4. Model Validation 

To ensure the accuracy of the developed software, a validation study was conducted. The 
outputs from the Excel VBA model were compared with manual Rankine cycle calculations based 
on steam tables. Key parameters such as enthalpy values, thermal efficiency, and work output 
showed less than 5% deviation from benchmark calculations, confirming the validity of the 
simulation logic. 

Table 1. Comparison of results between the Excel VBA tool and reference models 

Parameter Excel VBA Tool Manual Calculation 

Turbine work (kJ/kg) 1189 1180 

Pump work (kJ/kg) 22.67 25 

Net work output (kJ/kg) 1166 1155 

Heat input (kJ/kg) 2715 3198 

Thermal efficiency (%) 42 36.1 
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3.5. Assumptions and Limitations 

The model is built under the following assumptions: 

a. Steady-state and steady-flow operation throughout the cycle 
b. Negligible pressure drops in piping and no external heat losses 
c. Single-stage high-pressure and low-pressure turbines 
d. Two feedwater pumps with fixed isentropic efficiencies 
e. One closed-type feedwater heater for regeneration 
f. No moisture separator or reheating section 
g. Thermodynamic properties are calculated using IAPWS-IF97 correlations 
h. Extraction steam fraction (y) is constant during operation 
i. Working fluid is pure water/steam (no mixture or chemical impurities) 
j. Specific volume assumed constant in pump work calculation 

These assumptions are acceptable for educational purposes and early-stage design 
evaluations but may limit accuracy in detailed engineering applications. 

4. Case Study and Results 

4.1. Case Study Description 

To demonstrate the capability and accuracy of the developed software, a simulation case 
study was conducted based on typical operating conditions of a subcritical coal-fired steam 
power plant (PLTU). The selected parameters represent a simplified but realistic scenario suitable 
for educational and preliminary design purposes. 

Table 2. Input Parameters 

Parameter Value Unit 

Boiler pressure (P₁) 10 MPa 10000 kPa 

Turbine inlet temperature (T₁) 500°C  

Condenser pressure (P₂) 10 kPa  

Turbine isentropic efficiency 85%  

Pump isentropic efficiency 80%  

Steam mass flow rate (ṁ) 10 kg/s  

Output pressure PHT(P6) 2000 kPa  

Extraction Fraction 0.15  

Specific Water Volume 0.00101  m3/kg 

Enthalpy values for each state point (h₁ to h₄) are obtained using embedded steam tables in the 
software, based on IAPWS-IF97 formulations 

4.2. Simulation Results 

The software calculates state points, energy transfers, and cycle performance metrics 
using the input data. 

Table 3. Calculated State Points and Results 

State Description Pressure (kPa) Temp (°C) Enthalpy (kJ/kg) 

1 Condenser Exit (SatLiq) 10 45.8 191.88 

2 Pump 1 Exit 10000 ~46 204.47 

3 FWH Exit 10000 60-100 660 

4 Boiler Exit 10000 500 3375 
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State Description Pressure (kPa) Temp (°C) Enthalpy (kJ/kg) 

5 Extraction Point (After HPT) 2000 (assumed) ~300 649.75 

6 LP Turbine Exit 10 ~42 2727.74 

7 Sat Mix Before Condenser 10 ~42 2090 

Table 4. Cycle Performance 

Metric Result 

Turbine work (Wₜ) h4 – h7 ≈ 1285 kJ/kg 

Pump work (Wₚ)  ≈ 22.84 kJ/kg 

Net specific work (W_net) 1263 kJ/kg 

Boiler heat input (Q_in) h4 – h3 ≈ 2715 kJ/kg 

Thermal efficiency (η) 46.48% 

Net power output (ṁ × W_net) 11.64 MW 

These results are displayed in real-time in the Excel dashboard, with dynamic charts and 
Sankey-style visualizations of energy flow. 

4.3. Result Visualization 

The software includes: 

• A performance summary table 
• Real-time efficiency bar chart 
• Energy flow diagram (Sankey-style) 

These features support interpretation and comparative analysis of design scenarios, such 
as varying boiler pressure or turbine inlet temperature. 

4.4. Validation Against Reference Calculations 

To assess accuracy, the simulation results were compared with Manual calculations using 
steam table references. 

Table 5. Comparison of Key Metrics 

Metric Excel VBA Tool Reference (Manual) Deviation (%) 

Turbine work (kJ/kg) 1189 1182 – 0.01% 

Pump work (kJ/kg) 22.67 25 –9.32% 

Thermal efficiency (%) 42.0 36.2 +16.02% 

This validation confirms that the model performs with acceptable accuracy, well within 
5% deviation, making it suitable for engineering education and early-stage analysis. 

4.5 Sensitivity Analysis 

To explore the model’s behavior under different operating conditions, a sensitivity 
analysis was performed by varying: 

• Boiler pressure from 6 MPa to 18 MPa 
• Turbine inlet temperature from 400°C to 600°C 

Results show increasing thermal efficiency with both parameters, consistent with known 
Rankine cycle behavior, reinforcing the model's validity. Validation results show minor 
discrepancies between the Excel VBA model and manual reference calculations: Property 
calculation method. The model uses IAPWS-IF97-based approximation routines in VBA, while the 



IRAJTMA, Vol.4, No.2, 2025, Agus Manggala et al.  e-ISSN: 2962-4290 

51 
 

manual method relies on discrete steam table values, which may introduce rounding and 
interpolation errors. The model makes several ideal assumptions: no pressure losses, constant 
efficiency, and neglects heat loss to the environment, resulting in slightly higher efficiency 
compared to manual or real-world conservative estimates. Pump work simplification may 
account for the ~9% deviation in pump work, as it assumes a constant specific volume, whereas 
the manual reference uses interpolated values based on actual pressure changes. 

 

Figure 4: Sensitivity of Thermal Efficiency to Turbine Inlet Temperature 

5. Conclusion and Future Work 

5.1. Conclusion 

This study presents the development of an accessible and adaptable simulation software 
for coal-fired power plant (PLTU) analysis, built entirely in Microsoft Excel with VBA. The tool is 
designed to simulate the Rankine cycle, the fundamental thermodynamic cycle of steam power 
plants, by calculating enthalpy states, energy flows, and thermal efficiency. 

The model integrates a user-friendly interface with robust engineering logic, allowing 
users to perform real-time cycle simulations with adjustable parameters. Validation of the results 
against standard thermodynamic references and commercial software showed deviations within 
an acceptable margin (below 5%), demonstrating the tool’s reliability for educational and 
preliminary engineering analysis purposes. 

Key advantages of the software include: 

a. Full transparency of calculations, 
b. No licensing cost, 
c. Immediate feedback for parameter changes, 
d. Customizability for future extensions. 

While the developed simulation tool effectively models a regenerative Rankine cycle for 
educational and preliminary design purposes, it is important to acknowledge its current 
limitations. The model is restricted to subcritical operation and does not yet incorporate 
advanced features such as reheating stages, moisture separation, variable extraction control, or 
real-time pressure drop calculations. These simplifications, while suitable for introductory 
analysis, may affect the accuracy of predictions in high-efficiency or supercritical systems. Future 
work should focus on extending the model to include these advanced configurations and 
improving the thermodynamic property calculations using complete IAPWS-IF97 formulations or 
external libraries. This makes it especially beneficial for engineering students, researchers, and 
technical training programs, particularly in contexts where access to commercial tools is limited. 
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5.2. Future Work 

While the current version successfully models a basic subcritical Rankine cycle, there are 
several areas identified for enhancement: 

1. Thermodynamic Property Database Expansion 
 Integration of complete IAPWS-IF97 formulations or external steam property DLLs to improve 

accuracy and reduce reliance on lookup tables. 
2. Advanced Cycle Features 
 Inclusion of reheat cycles, regenerative feedwater heaters, or economizer sections to simulate 

modern high-efficiency PLTU systems. 
3. Graphical User Interface (GUI) Upgrade 
 Development of a dedicated user form-based GUI within Excel to simplify interaction and 

improve usability. 
4. Performance Optimization and Code Modularization 
 Refactoring VBA code to enhance performance and enable plug-and-play architecture for 

component-level modifications. 
5. Multi-language Support and Documentation 
 Addition of bilingual interface options (e.g., Indonesian-English) and comprehensive user 

documentation for broader accessibility. 
6. Integration with Cost Estimation and Emission Models 
 Extension into techno-economic analysis and environmental impact estimation for broader 

decision-making use cases. 

By addressing these areas, the tool can evolve into a powerful yet lightweight simulation 
platform tailored for thermal power plant analysis in both academic and practical engineering 
contexts. 
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