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Engineering Life Cycle for CO2 Power Cycle Plants
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> Background: Actual and practical utilization of CO2 Power Cycles 
requires completing all of the engineering steps based not only 
on steady-state simulation but also dynamic simulation 
incorporating detailed mechanical information and control 
strategy. 

> Basic Design: Steady-state heat and material balance is calculated 
under specified conditions such as load and temperature of heat 
source. Perform rough equipment sizing.

> Detail Design: After sizing and selecting equipment, steady-state 
simulation is done again to know “actual” operating conditions. 
Dynamic simulation establishes the control logic and operating 
manual.

> Operational Analysis: By comparing actual operation with 
simulation, various parameters can be determined such as efficiency 
of each compressor, or expanders, and heat exchangers.
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Objectives
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> Conventional approaches 
require multiple software 
products and a tedious 
manual integration 
procedure. 

> A new integrated 
simulation platform can 
serve all of the 
engineering phases with 
highly accurate, reliable 
and robust simulation 
capability, to save 
significant time and cost 
all through the plant 
lifecycle. 
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Measures to Achieve Objectives

> Establish a novel and integrated simulation platform utilizing modern ease of use, multiple 
simulation modes, and custom modeling.

> Equip the platform with highly accurate Wagner Equation of State (EOS) for CO2.
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Span and Wagner Equation of State

> Outline of the EOS 1)

1) Span,R. and Wagner W.; “A New Equation of State for Carbon Dioxide Covering Fluid 
Region from Triple Point Temperature to 1100K at Pressure up to 800MPa”, 
J.Phys.Chem.Ref.Data,25(6), 1509-1596 (1996)
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Span and Wagner Equation of State

> Highly accurate to 
cover supercritical 
CO2

Source:  Span,R. and Wagner 
W.; “A New Equation of State for 
Carbon Dioxide Covering Fluid 
Region from Triple Point 
Temperature to 1100K at 
Pressure up to 800MPa”, 
J.Phys.Chem.Ref.Data,25(6),15
09-1596 (1996)
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Introducing SimCentral® 

> A new Simulation Platform is being developed using a newly-devised mathematical framework for 
solving large sets of non-linear simultaneous equations based on multi-core CPU technology.

> Wagner EOS was incorporated into the platform to predict thermodynamic properties of CO2.

> Successfully created steady state demonstration of a CO2 Power Cycle.

> The simulation converts to a dynamic simulation for future control analysis.
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Introducing SimCentral® 

> Process mode
> Steady state 

simulation 
using a 
sophisticated 
equation 
solver.

s1 s2 s3 S4 s5 s6 s7

Flow 1.3 2.4 3.3 4.13 4.13 4.13 4.13

Temp 100 120 120 130 130 180 170

Pressure 1000 990 960 940 940 900 900

Phase L V/L V/L V V V V

Composition

Stream Heat and Material balance Table shows that the 
proposed process design is efficient (2014)
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Introducing SimCentral® 

> Dynamic mode
> Dynamic 

simulation 
(using same 
model created 
in Process 
mode)

Dynamic Trends show plant operators how to respond to 
unexpected events to avoid accidents (April 2013)
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Introducing SimCentral®

> Multi-user Collaboration:
> Shared Simulation Repository 
> Multi-client  and Cloud-ready
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Introducing SimCentral®

> Ready to incorporate user-defined models
> No need for software coding
> Define variables

- Units of Measure
- Default Specification
- Default value
- Required Input Flag

> Define Equations
- Free form input like
(example heat balance)
Fin,1*hin,1+Fin,2hin,2=Fouthout

> Subnodes
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SimCentral Benchmark Example

Dynamic solution
(switch to dynamic mode) 

SimCentral®

Steady-state solution on 
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2) Yoonhan Ahn, Jeong Ik Lee et al. “Review of Supercritical CO2 Power Cycle Technology and Current Status of Research and Development “, 
Nucl Eng Technolol  47, 647-661 (2015)

> Process based on literatures like Yoonhan Ahn et al.2)

> Circulating rate of CO2 was readily determined in consistent “degree of freedom”. 
> Successfully converts to dynamic model, incorporating mechanical data such as response time of 

actuator and shaft inertia of the compressors and the turbine.
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Conclusions

> This work has established a single and integrated simulation platform which is rigorous, accurate, 
robust, and fast; it can be applied to all the engineering phases of CO2 Power Cycle design. On 
the platform we can;
> Convert steady state model to dynamic model 
> Multiple-users can access a model 
> Make the most of cloud features

> Wagner’s accurate equations of state was incorporated.

> Example model was successfully created to demonstrate that the process configuration can be 
optimized using the simulation model.

Come see our poster!
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