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Position of far infrared rays in electromagnetic waves

Japan Far Infrared Rays Association (JIRA)

Features

Basic Concept or Summary

Radiant Air-conditioning System

High energy-saving performance
 Since energy is transferred directly between the radiant source(ceiling panel) and the targets(human and so on) by far 

infrared rays, the radiant air-conditioning system has few irregularities of the room temperature and high energy-saving 
performances with 2°C improvement effects compared to convection air-conditioning. 
Superior comfort

 No air blowing and circulating, which is essential in convection air-conditioning, is required. As a result, there is little 
uncomfortable air flow such as direct flow of cooling and heating winds, and the ideal air-conditioning for comfort 
achieves.
High quietness and cleanliness

 No air blowing and circulating, which is fundamental in convection air-conditioning, is required. As a result, there is little 
noise generated from the outlet and the room is quiet. Dust is not stirred up and air remains very clean. 
Optimal for air-conditioning of medical/welfare facilities, lodging facilities and so on, as well as 
offices and complex houses

 Radiant air-conditioning, which provides cooling and heating with superior comfort as well as cleanliness and quietness, is 
suitable for medical and welfare facilities, which cleanliness is demanded, lodging facilities, libraries and meeting rooms, 
which quietness is important, in addition to offices and complex houses.
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Far infrared rays are electromagnetic waves that cool and heat objects
Of the regions of infrared rays adjacent to the red visible rays, the part that is further from the visible rays is called far 
infrared rays. and the wavelength width is 3μm-1mm.The mainly used wavelength of far infrared rays is 2.5-30μm, 
which overlaps with the molecule vibration ranges of many materials. Therefore, when far infrared rays are absorbed 
on the surface of materials and the molecule vibration is activated, causing the temperature of the materials to rise. 
On the other hand, when energy is moved from the surface of materials via far infrared rays and the molecule 
vibration is weeked, causing the temperature of the materials to lower. These are the mechanism of heating and 
cooling by far infrared rays.

Realization of energy-saving + comfort

TB: Approx. 20°C

TB: Temperature of ceiling panel

TB: Approx. 30°C 

Transferred energy
=K|TA

4-TB
4|

During cooling

During heating

Compared to the surface temperature of 
human body, when the panel temperature is  
higher in heating 
lower in cooling

Room temperature 
during heating may 
be 2°C lower than 

convection
air-conditioning

Room temperature 
during cooling may 
be 2°C higher than 

convection
air-conditioning

ＴＡ：人間の体表面温度TA: Surface temperature of human body

Basic operation of radiant air-conditioning Advantages of radiant air-conditioning

Schematic view of molecular vibration
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Effects or Remarks

Installation in Practice or Schedule

Energy-saving effects
Example of comparison between radiant air-conditioning and convection air-conditioning in 
complex housing1)  1) Journal of the Institute of Electrical Engineers of Japan , Vol. 117, No. 7, pp. 428-433 (1997)

 Laboratory that envisions a room in complex housing with high airtightness and high insulation specifications 
(Average coefficient of overall heat transmission=0.7W/m2K, total floor area=30 m2)
Energy-saving comparison between radiant air-conditioning and convection air-conditioning

 The right figure shows dissipation energy that is necessary to obtain the same sense of warm/coolness in radiant 
air-conditioning and convection air-conditioning. This figure describes that radiant air-conditioning has less energy 
consumption compared to convection air-conditioning for both cooling and heating. Thus, in radiant air-conditioning, 
even if the room temperature becomes higher 
during cooling and lower during heating compared 
to convection air-conditioning, the same sense of 
warm/coolness can be obtained. The annual 
dissipation energy can be calculated by multiplying 
the dissipation energy and the generated time of 
outdoor temperature when air-conditioning is 
necessary and integrating it for the all period. This 
value is 662kWh for radiant air-conditioning, and 
955kWh for convection air-conditioning. 
Accordingly, radiant air-conditioning achieves 
energy-saving of approximately 31% compared to 
convection air-conditioning.
Comfort

 The right figures represents the surface 
temperature conditions of each part under the 
same cooling environment using a thermal 
mannequin that simulates the surface conditions of 
human body and that is integrated with internal 
heaters which are comparable to the production of 
heat in human body (here, the body of an adult 
female which can be divided into 22 parts such as 
head, chest, back and so on. In addition, 
monitoring of amount of heat loss for individual 
parts is also possible.)
Radiant air-conditioning has little non-uniformity in 
the temperature of each part of human body 
compared to convection air-conditioning, and as a 
result, it is superior in comfort.
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Domestic

Overseas

Being expanded in a way such that it plays a role in the ZEB framework, consisting of annual 
energy consumption of zero or close to zero, in offices, complex housing, medical/welfare 
facilities, lodging facilities and so on.

Widely popularized in Europe and the United States where there is low humidity.

Contact: Japan Far Infrared Rays Association (JIRA)
TEL: +81-3-3438-4108 　
e-mail: jira@enseki.or.jp
URL: http://www.enseki.or.jp/e_index.php

Features of radiant air-conditioning
 In radiant air-conditioning ( in which the ceiling panel is not in contact with the human body, not requiring any 

medium in between), the energy that is proportional to the difference between the fourth power of the respective 
absolute temperature flows. Furthermore, the energy flow will hardly change during cooling and heating, and the 
same comfort as convection air-conditioning can be obtained even if room temperature is 2°C higher in cooling and 
2°C lower in heating than convection air-conditioning, permitting efficient cooling and heating.
In contrast, in convection air-conditioning, the energy that is proportional to the difference between the room 
temperature and the surface temperature of the object flows. In the place of smooth air flow, the heat dissipation 
adjustment on the surface of human body is performed according to the ambient temperature. In the case of uneven 
air flow, this function decreases and the irregularity in cooling and heating effect occurred depending on a place. 
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