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Indoor environments in facilities for the elderly were investigated through long-term measurements in Espoo, Finland and in 

Sapporo, Japan. The results clarified the followings. Indoor temperatures were well controlled in the winter. However, humidity was 

very low especially in Finnish facilities where humidifiers were not used. Because the ventilation rate are kept higher in Finish 

facilities, the risk of influenza infection is lower in Finish facilities than in Hokkaido’s facilities. Because heat recovery systems are 

used in Finish facilities, the energy load of humidification and ventilation is kept lower in Finish facilities.  
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寒冷地の高齢者施設における室内生活環境の年間特性
フィンランド・エスポー及び北海道・札幌における室内温熱空気環境の実態

ANNUAL CHARACTERISTICS OF INDOOR LIVING ENVIRONMENT  
IN FACILITIES FOR THE ELDERLY IN COLD REGIONS

State of indoor thermal and air environment at Espoo in Finland and Sapporo in Hokkaido
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Fig.1 Daily change of temperature and humidity in F1 
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Fig.2 Daily change of temperature and humidity in H2 
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Fig.3 Average and standard deviation of temperature in heating season and mild/cooling season 
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Fig.4 Average and standard deviation of CO2 concentration in heating season and mild/cooling season 
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Fig.5 Annual change of monthly average of temperature and humidity 
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Fig.6 Annual change of monthly average and standard deviation of CO2 concentrations 
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Fig.7 Relationship between outdoor humidity and indoor humidity 
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 Fig.8 Airflow rates and CO2 concentrations in rooms  
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Fig.9 Required humidification rates per person 

─ 704 ─



14),15)

CO2 QP

40RH%

MP_H2O 40

MP_H2O 40 STD

MP_H2O 40

MP_H2O 40 STD

 

 

1)

 

2) CO2 1000ppm

 

3)

 

4)

40RH%

 

5) 40RH%

CO2 800ppm

 

6)

 

─ 705 ─



7)

 

 

 

1) Ministry of health, labour and welfare: Act on environmental health 

in buildings, March 20th, 2015 (in Japanese) 

( 45

20 )”, 2015.3.20 

2) Nishimura,N. et al.: A Study of a Method for Maintaining a Sanitary 

Environment at Welfare Facilities for the Aged, Part 1-Investigation 

and Results based on Legal Measurement, Transactions of the Society 

of Heating, Air-conditioning and Sanitary Engineers of Japan, 179, 

pp.27-34, 2012. 02. (In Japanese) 

, , , , , , , 

,  

, 1 - , 

, 179, pp.27-34, 2012. 02.  

3) Nishimura,N. et al. : A Study on the Way of Maintenance of Sanitary 

Environment in Welfare Facilities for the Elderly, Part 2 Results of 

Continuous Measurements and VOC Measurements, Transactions of 

the Society of Heating, Air-conditioning and Sanitary Engineers of 

Japan, 185, pp.11-18, 2012.08. (In Japanese)  

, , , , , , , 

,  : 

, - VOC ,

, 185, pp.11-18, 2012.08. 

4) Miyano,N., Aoki,T., Sutoh,C., Mizutani,A., Miyano,A. : tokubetu 

yougo roujin ho-mu nado wo taisyo tosita situnai onn-situdo kankyo 

no jitaityousa. dai6hou (Survey of indoor temperature and humidity    

 

─ 706 ─



environment for special nursing homes, Part6), Vol.50, No.3, s76, 

2013.10 (in Japanese) 

, , , ,  : 

 6 , 

, 50 , 3 , s76, 2013.10 

5) Igarashi,Y., Takahashi,K. : On the Improvement of the Thermal 

Environment in Winter at Nursing Homes with Social Service,  

Part1 A Survey at Nursing Homes with Humidiater, Summaries of 

Technical Papers of Annual Meeting, Architectural Institute of 

Japan,D-1, pp.997-998,1998.7 (in Japanese) 

,  : 

, 1 , 

, D-1, pp.997-998, 1998.7 

6) Hisano,S. et al. : Finding a physical environment desirable for elderly 

residential facilities : A survey of the literature, Journal of health 

sciences, Hiroshima University, Vol. 3(1), pp.21-36, 2003.11. (In 

Japanese)  

,  : 

, , Vol.3(1), pp.21-36, 2003, 11. Vol.3(1), 

pp.21-36, 2003.11. 

7) Yano,H. et al. : Current conditions and measures of winter infection of 

the elderly, Geriatric Medicine, 46 (11), pp.1337-1341, 2008.11. (In 

Japanese) 

,  : 

 

, Geriatric Medicine, 46(11), pp.1337-41, 2008.11.  

8) Inamatsu,T. : Measures against infectious diseases in facilities for the 

elderly, INFECTION CONTROL, 15(11), pp.1080-1083, 2006.11. (In 

Japanese)  

 : , INFECTION CONTROL, 

15(11), pp.1080-3, 2006.11. 

9) Yukie HAYASHI, Toshiharu IKAGA, Shintaro ANDO and Tanji 

HOSHI : THE IMPACT OF INDOOR THERMAL ENVIRONMENT IN 

WINTER ON DETERIORATION OF CARE LEVEL IN NURSING 

HOME RESIDENTS A field study on indoor thermal environment of 

nursing home and resident’s care condition, Journal of Environmental 

Engineering (Transactions of AIJ), No.745, pp.225-233, 2018.3 

, , ,  : 

-

-, 

, 745 , pp.225-233, 2018.3 

10) Bando,M., Kim,H., Osawa,H. : Survey on Indoor Environment in 

Nursing Homes for the Elderly, J. Natl. Inst. Public Health, Vol.63, 

No.4, pp.359-367, 2014.8 (in Japanese) 

, ,  : 

, , 63 , 4 , pp.359-367, 2014.8  

11) Hoon KIM, Michiko BANDO, Haruki OSAWA and  

Motoya HAYASHI : MANAGEMENT SITUATION OF INDOOR 

ENVIRONMENT AND HVAC SYSTEM IN FACILITIES FOR THE 

ELDERLY, Journal of Environmental Engineering (Transactions of A 

I J) , No.736, pp.589-597, 2017.6 

, , ,  : 

, , 736

, pp.589-597, 2017.6 

12) Hoon KIM, Michiko BANDO, Motoya HAYASHI and Haruki OSAWA : 

ODOUR ENVIRONMENT AND MANAGEMENT IN FACILITIES 

FOR THE ELDERLY, Journal of Environmental Engineering 

(Transactions of A I J) , No.746, pp.393-401, 2018.4 

, , ,  : 

, , 746 , pp.393-401, 

2018.4 

13) Bando,M. : Maintenance and sanitary management of facilities for 

the elderly, J.JACA, Japan, Vol.55, No.1, pp.3-9, 2017.5 (in Japanese)  

 : , , 55 , 1 , 

pp.3-9, 2017.5 

14) Kim,H., Hayashi,M., Kaihara,N., Osawa,H., Bando,M. :  

Measurement of temperature, humidity and CO2 concentration and 

estimation on humidity control in facilities for the elderly in winter, 

Society of Indoor Environment, Japan, Vol.18, No.2, pp.77-87, 2015.10 

(in Japanese) 

, , , ,  : 

, , CO2 , 

, 18 , 2 , pp.77-87, 2015.10 

15) Noriko KAIHARA, Motoya HAYASHI, Hoon KIM, Haruki OSAWA, 

Michiko BANDO, Kenichi KOBAYASHI, Yoshinori HONMA, Shuang 

YAN, Koki KIKUTA and Hirofumi HAYAMA : STATE OF INDOOR 

THERMAL ENVIRONMENT IN SPECIAL NURSING HOMES FOR 

THE ELDERLY Measurement of indoor temperature and humidity, 

and analysis of humidity control in winter in cold regions, Journal of 

Environmental Engineering (Transactions of AIJ), No.745, 

pp.267-276, 2018.3 

, , , , , , ,  

, ,  : 

 , 

, 745 , pp.267-276, 2018.3 

16) Ministry of the Environment Housing and Building Department, D2 

National Building Code of Finland Indoor Climate and Ventilation of 

Buildings Regulations and Guidelines 2003 

17) Motoya Hayashi : Improvement of indoor humidity with consideration 

of infection control in facilities for the elderly, Journal of the National 

Institute of Public Health, Vol.66 No2, pp.163-171, April 2017 (in 

Japanese) 

  . 

. 2017 66(2), pp.163-171, 2017.4 

18) G.J.Harper, Airborne micro-organism : Survival tests with four virus 

J.Hyg ; pp.479-486, 1961. 

19) Thomas P. Weber, Nikolaos I. Stilianakis, : Inactivation of influenza A 

viruses in the environment and modes of transmission: A critical 

review, Journal of infection 57. pp.261-373, 2008   

20) Jeffrey Sharman, Melvin Kohn : Absolute humidity modulates 

influenza survival, transmission, and seasonality PNAS vol.106 no9; 

pp.3243-3248, March 3 2009. 

─ 707 ─



The aim of this study is to verify the annual characteristics of indoor environments in facilities for the elderly in cold 

regions. The temperatures, humidity and CO2 concentrations were measured in rooms and common spaces of 4 

facilities for the elderly in Finland Espoo and 4 facilities for the elderly in Hokkaido Sapporo through a year. At first, 

the daily characteristics and the annual characteristics of indoor environments were analyzed. Secondly, the required 

humidification rate to control the indoor relative humidity to meet 40RH% (SEHMB: Standard for Environment and 

Health Management of a Building) were calculated using the results of the long-term measurements. The required 

humidification rates on condition that carbon dioxide concentrations are same as the measured concentrations and 

the rate on condition that the concentration controlled to 800ppm were calculated and the results of Finnish facilities 

and those of Hokkaido’s facilities were compared. Thirdly, the energy loads for ventilation and humidification and the 

influenza concentrations were calculated with these conditions on ventilation. The results showed the followings. 

1. In winter, the outdoor temperatures of Finnish facilities are not so different from those of Hokkaido’s facilities. 

However in mild or cooling seasons, the outdoor temperatures and absolute humidity are higher in Hokkaido 

than in Finland.  

2. Temperatures are well controlled in winter by floor heating systems in both Finnish facilities and Hokkaido’s 

facilities. 

3. Even if the portable humidifiers were used in Hokkaido’s facilities, the humidity is lower than the standard 

40RH% .The indoor humidity is lower in Finnish facilities and the indoor absolute humidity is same as the 

outdoor in Finnish facilities where humidifiers are not used at all. 

4. In summer, the absolute humidity decreases in Hokkaido’s facilities where cooling systems were used in the 

common spaces. However the absolute humidity did not decrease in Finnish facilities. 

5. The concentrations of carbon dioxide were enough lower than the SEHMB 1000ppm in all facilities. The 

concentrations change with the dwellers behaviors especially in Hokkaido’s facilities where they open windows 

and operate ventilation fan in order to control smell and risk of influenza infection. 

6. Because the ventilation rate are kept higher in Finish facilities, the risk of influenza infection is lower in Finish 

facilities than in Hokkaido’s facilities.  

7. Because heat recovery systems are used in Finish facilities, the energy load of humidification and ventilation is 

kept lower in Finish facilities.  

These results showed that it is necessary to control both ventilation and humidification considering energy loads and 

influenza infection risks. 
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