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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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Motoya HAYASHI, Yoshinori HONMA, Shuang YAN, Koki KIKUTA, Hirofumi HAYAMA,

Genku KAYO, Nobue SUZUKI, Noriko KAIHARA, Hoon KIM,
Michiko BANDO, Kenichi KOBAYASHI and Haruki OSAWA

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.

Keywords : Nursing facility for the elderly, Thermal environment, Air environment, Humidification, Cold region
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Table 1 Outline of investigated facilities for the elderly and the rooms and the common spaces where the environments were measured
Facility F1 F2 F3 F4
Structure Wooden stud Reinforced concreate Reinforced concreate Wooden stud |
Construction/Floor count 2000s/1 2010s/2 1960s/1+/2010s/2 2000s/1
Insulation(Windows/Wall) 3G/R.W.175 3G/R.W.175 3G/R.W.125 3G/R.W.175
Room type/Num. of beds S.B.+2B./30 S.B./40 S.B.+2B./40 S.B./39
Care level* Diapers 100% | Dementia 100% Diapers 100% | Dementia 93% Diapers 100% | Dementia 75% Diapers 93% [ Dementia 100%
Heating/Cooling F.H./- F.H./G.C. F.H.+P.R./- FH./-
Ventilation E&S E&S E&S E&S
rooms Measurement D _[F.A. |Floor| Bed | Sup. | Ex. | Ent. | D |F.A. [Floor| Bed | Sup. | Ex. | Ent. F.A. [Floor| Bed | Sup. | Ex. [Ent. | D |F.A. [Floor| Bed | Sup.| Ex. | Ent.
R1 S | I8 [ IF| 1 [55 6l fclose] S [20 | 2F | 1 |43 |51 [close|] S [ 20 |"O8] 1 |33 | 37 |close| N | 21 |IF 1 close
R2 S 21 | 1F 2 | 54 | 62 |close] N | 20 | 2F 1 close| S | 20 ['FNB| ] 9 6 |close|] E | 21 |IF 1 [32 [ 37 |close
R3 20 | 1IF | 1 |32 |51 Jclose|] S | 20 ['""™B] 1 |29 |35 |[close| S | 21 [IF 1 126 |29 [close
Heating/Cooling F.H./- F.H./G.C F.H/A.C. F.H./-
Ventilation E&S E&S E&S E&S
Common|  Humidifier - - - -
spaces Measurement D [FA. Floor D [FA. Floor D [FA. Floor D _|F.A. Floor
CS1 S | 50 1F Living & Bar S 120 2F Living &dining | S | 40 | 2F/N.B. | Living &dining 53 1F Living &dining
CS2 S | 86 IF Living & dining
Room door is always closed. Room door is always closed.
others Room door is always closed. Dwellers schedules are various. Dwellers schedules are various. Room door is always closed.
Dwellers schedules are various. Geothermal power and solar power are Airflow rates are controlled lower because |Dwellers schedules are various.
used to keep energy consumption zero. the dweller is sensitive to the cold.
Facility H1 H2 H3 H4
Structure Reinforced concreate Reinforced concreate Reinforced concreate Reinforced concreate ]
Construction / Floor count 1970s /3 1980s / 4 1980s / 3 1970s /3
Insulation(Windows/Wall) | Double sash with aluminum frame/P.1.20 | Double sash with aluminum frame/P.1.20 | Double sash with aluminum frame/P.1.20 | Double sash with aluminum frame/P.1.20
Room type / Num. of beds M.B. /122 M.B. /123 M.B. /100 M.B. /100
Av.of Care level 3.4 3.5 4.2 3.6
Heating/Cooling F.H.+P.R._perimeter/- F.H.+P.R._perimeter/- F.H.+P.R._perimeter/- F.H.+P.R._perimeter/-
Ventilation Exhaust propeller fan on wall Exhaust fan ducted from ceilin, Exhaust fan ducted from ceilin, E&S****4& V.0.
Measurement D | F.A.|Floor| Bed | Sup. | Ex. | Ent.| D |F.A.|Floor| Bed|Sup.| Ex. |Ent. | D |F.A.|Floor| Bed|Sup.| Ex. |Ent. | D |F.A.|Floor| Bed|Sup.| Ex. | Ent.
rooms Rl S |33 [3F | 4 | - [ |**]W/[30[2F] 3| - |128]**]| E [20 [2F | 2 | - "™ |**| S [20 [2F | 2 | 73 | 88 | ***
R2 S |33 [3F )| 4 - | e[ W [30 | 2F | 4 - | 137 ** | N |33 | 3F | 4 - s ¥R ]S 120 [ 2F | 2 | 30 | 61 | **
R3 S |33 | 3F | 4 | - [ = |**] B [30[3F] 3| - |137]**]| S [33 [3F| 4 | - Jig""|*=]| S [41 [2F]| 4 | 22] 9 |**=
R4 S |3 [3F ] 4 RO Il Ml
Heating/Cooling F.HA4P.R./A.C. F.H.+P.R/A.C. F.H.4+P.R.perimeter/A.C. F.H.+P.R.perimeter/A.C.
Common Ventilation Exhaust propeller fan on wall E&S E&S E&S
Humidifier H.U.&P.H P.H. P.H. / day time **** H.U.&P.H
spaces Measurement D | F.A. I Floor I Sup. | Ex. I D I F.AA| Floor | Sup. | Ex. | D | F.A. | Floor | Sup. I Ex. | D | F.A. I Floor I Sup. | Ex. |
Csl E[8 | 2F [28] 0 sles] 3F S J400]
Openings between rooms and corridors are . . Openings between rooms and corridors are
Openings between rooms and corridors are . .
always open. always open. always open. Openings between rooms and corridors are
Windows are open for 20 seconds on . L Portable humidifiers are cleaned and dried |always open.
others . Fans are not operated at night time in R T . 5
Am:10 in winter. . ... |at every night in winter. Humidification units were not used.
. N . common spaces in order to keep humidity. L . .
Humidification units were not used. . . Wet towels are used at night in winter. Dwellers schedules are basically unified.
N R Dwellers schedules are basically unified. R 3
Dwellers schedules are basically unified. Dwellers schedules are basically unified.

M.B.: multi-beds, S.B.:single bed, O.B.: old building, N.B. new building, P.I. Plastic insulation material, F.H.: floor heating, P.R._perimeter: panel radiator at windows of perimeter spaces, E&S: exhaust and

supply ventilation, V.O.: natural ventilation opening, D: direction of main window, F.A. floor area(mz), G.C.: Geothermal cooling, Sup.: supply airflow rate(ms/h), Ex.: exhaust airflow rate(mS/h), Ent.:
entrance of room from corridor or common space, A.C.: air conditioning, H.U.: humidification unit, P.H.: portable humidifier

*Dementia level is measured using Mini Mental State Examination MMSE ** power plug is not connected. *** Entrance of room is open to corridor constantly. ****fan is temporarily used. ***** fan is

failed from May in 2016.
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Fig.3 Average and standard deviation of temperature in heating season and mild/cooling season
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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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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 CO: 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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