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Aim of TherMAT Project

Utilization of 
unused thermal 
energy in industrial 
and transportation 
sectors.
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Themes and Organizations in TherMAT Project

JRCM developed industrial heat 
pump simulator with 
Waseda university and heat 
pump manufacturing company 
Mayekawa corporation.
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Unused Industrial Exhaust Gas in Japan

https://www.nedo.go.jp/news/press/AA5_101074.html

Based on questionnaire responses 
from 1,273 designated energy 
management factories, in 15 
industries, it is estimated that     
743 PJ/y of unused exhaust gas
and 2,711 PJ/y of waste hot water 
are discharged nationwide.

These are considered energy-saving 
potentials that can be utilized as 
heat sources for heat pumps.

By introducing industrial heat pumps 
as a substitute for steam boilers, 
burners, etc., a significant 
reduction in energy costs and CO2
emissions can be expected.



5

Unused Industrial Exhaust Heat by Industry in Japan
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Thermal Demand for Industrial Heat Pump in Japan

Type of heat

n=149 n=147

Temperature range 



7

Goal of Development
"industrial heat pump simulator" that can quantitatively evaluate the effects 

of introducing an industrial heat pump.
With simple input and operation, simulator can quickly and highly accurately 

estimate primary energy consumption and CO2.

Obstacles
 In the industrial field, the use of heat varies depending on the production 

process, so standardized design and engineering as air conditioning and hot water 
supply in homes and buildings were difficult.

When considering the introduction of an industrial heat pump, it was necessary to 
obtain various data and to spend much time and cost.

Aim of Industrial Heat Pump Simulator
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Targets of Industrial Heat Pump Simulator

③system design 
stage

①Energy saving policy
consideration stage

Examples of processes to be 
considered for application︓

・Machinery and equipment manufacturing industry
‥Paint drying, Paint baking, Rinsing process

・Chemical industry, Textile industry
‥Drying, Condensation, Distillation, 

Thermal cross-linking, Wet decatisering process
・Food and beverage manufacturing industry

‥Heating, Drying , Washing process
・Rubber product manufacturing industry

‥Mixing, Vulcanization process etc.
」

②Energy saving measures 
decision stage

Industrial heat pump
stand-alone simulator

Industrial energy 
integrated simulator

Drying furnace Drying furnace

Electro
-deposition

Painting Overcoat

Burner Burner

Electric power

Cold 
water

Air

Warm 
water

Tank

Exhaust

Heat Pump
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Feature of Simulator

Modular analysis method: Mathematical model for each 
element has been built for makeing up the system.

Annual performance can be calculated by general-purpose 
analysis theory with high accuracy.

Physical property values of refrigerants are based on REFPROP.

Binary refrigerant cycle can be calculated.

Mathematical model is based on pinch temperature.
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Simulation Pattern (①~④︓Non-circulating)

Boiler/Burner Use of heat pump

①

②

④

③

Replacement

Preheating

Heating

Heating 
and 

Cooling 

 Introduction 
pattern of heat 
pump system is 
divided into eight 
main patterns
based on a 
combination of 
following three 
categories: 

・Heating method 
(circulating or non-
circulating),
・Intended use of 
heat pumps 
(preheating or 
replacement), and 
・Simultaneous use of 
heating and cooling 
(yes or no)
 Compare with 

boiler/burner type 
(conventional)

Heating

Heating 
and 

Cooling 
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Simulation Pattern (⑤~⑧︓Circulating)

⑤

⑥

⑧

⑦

Boiler/Burner Use of heat pump

Preheating

Heating

Heating 
and 

Cooling 

Heating

Heating 
and 

Cooling 

Replacement
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Input / Output Screen Example
Heat Pump(Pattern④・Non-Circulating・Preheating・Heating and Cooling)

Input Constant

Input Variable

Output Constant

Output Variable

RefrigerantInsulation 
Efficiency

Heating 
Capacity

Pinch 
TemperatureSuperheatCO2 Emission 

Factor

Heat Pump Outlet
Air Temp.

Heat Pump Inlet
Air Temp

Heat Pump Outlet
Air Flow
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User Interface Screen Example
Pattern④
・Non-Circulating
・Preheating
・Heating and 

Cooling 

At specified times
P-h and T-s diagram of refrigerant

Refrigerant Selections

Trend Display of Primary 
Energy Consumption

Comparison of Primary 
Energy Consumption

Comparison of 
CO₂ emissions

Life cycle climate performance 
(LCCP) Calculation Function

English/Japanese SelectionsInput Section

Refrigerant Selections
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Verification Example of Calculation Accuracy

The calculation accuracy of the development simulator was 
confirmed using actual measurement data from a hot water 
generation system for washing and a paint drying process.
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Industrial Energy Integrated Simulator

Heat Pump 
System

Burner

Mixer

Separator
Pump

Fan

Tank

Heat 
Exchanger

Valve

Based on the patterns and logic built with a single simulator, connect 
modules were developed to create flow diagrams on the GUI, such as heat 
pumps, boilers, pumps, tanks, and valves.

GUI example of system flow diagram

Verification 
Example 

Time (hr)Po
w

er
 c

on
su

m
pt

io
n

(k
W

) 
 Measured Simulation

Examples of economic 
evaluation results
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Future prospects

 Using these simulators, we will show the effects of 
introducing industrial heat pumps in specific cases.

 We will proceed with efforts to put these simulators 
into further improvement for many kind of users.
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 Thank you for your attention!
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Industrial Heat Pump Stand-alone Simulator
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②Sign up

③Enter affiliation

④Issuing password, 
Login

（License terms）

⑤Download

①Simulator download site URL
http://neheatpump.org/UHMS/

Institution(Company)

Department
Address

Name

Telephone number

E-mail address

*After you have registered, we 
will issue a password manually 
and send you an instruction email.


