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Purpose
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Requirement for simulator
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１ Industrial thermal system process logic analysis
 Pattern classification of HP by type, application, and operation method
 Simplification and generalization through patterning
２ Mathematical model
 considering both accuracy and calculation speed

for annual performance evaluation
 Capable of calculating transient characteristics for short periods of time

３ User interface 
 Proposal for UI with excellent operability
 Improving usability by getting feedback from users



Industrial thermal system process logic analysis
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Pattern classification 1
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Pattern classification 2
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Evaluation indices
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Simulator overview

Simplified simulator
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Simulator overview

Integrated simulator
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High degree of flexibility for 
calculation requests

Auxiliary devices such as pump or 
blower are also considered

Equipped with a database of 
examples of various heat pump 
system installations

Environmental and economic 
assessment

Fig. Graphic user Interface Fig. Library of case study
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Simulation overview
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Environmental assessment of heat pump
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Comparison and evaluation points
・Environmental assessment 
- Primary energy consumption
- CO2emission

Overview of Heat Pump Installation
・Applied to: Coating and drying process
・ Conventional heat source: gas burner
・ Installed heat pump: Hot air heat pump

(Heating capacity 110 kW, power consumption 30 kW)
・ Type of introduction: Introduced as a preheating     

system for conventional burners

Fig. Heat pump system installed in the coating and drying process



System before and after installing heat pump
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TYPE IV
・Non-circulation
・Preheating
・Cold/Hot heat generation

Fig. System before heat pump installation Fig. System after heat pump installation

Applied to GUI of simplified simulator and integrated simulator



GUI set of simplified simulator
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Fig. GUI of simplified simulator



GUI set of integrated simulator
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Fig. System before heat pump installation Fig. System after heat pump installation



Annual measured operation data
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Comparison of simulation & measured values
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Comparison of primary energy consumption
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Fig. Primary energy consumption by 
simplified simulator
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Comparison of CO2 emission
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Fig. CO2 emission by simplified simulator Fig. CO2 emission by integrated simulator
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Conclusions
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We developed a "Simplified simulator" and an "Integrated simulator" that can study the effects of introducing heat pumps 
from both environmental and economic perspectives in order to help expand the use of heat pumps in the industrial field 
toward the targeted energy conservation.

Build analysis logic for simulators that allows analysis of simplified and integrated simulators

Results of analysis accuracy verification using annual measured data
- Relative error: 10% for simplified simulator , 4% for the integrated simulator

As an environmental evaluation, it is possible to quantitatively evaluate the effect of the introduction using environmental 
assessment indices such as energy consumption and CO2 emissions.
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Future plan
Economic assessment needs to be evaluated to increase further the usefulness and practicality of the simulators.
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