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Thermal Environment Assessment in Portuguese Elderly Care Centers
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1. INTRODUCTION
hermal comfort (TC) is one of thcr indoor environment factors that affect health and human performance, being chiefly
Jerermuned by temperature, h‘}m'_djt}' and air velocity. Though thermal environment in homes does not usually cause
senious illness. 1t has a very significant impact on the general well-being and daily performance of its residents. Poor
thermal environment can also aggravate the impact of air pollutants on occupant’s health (Mendes and Teixeira, 2012).
The present investigation explored season variations of TC parameters in 12 elderly care ccnt;‘rs (ECCs) Io;:alcd in
Porto. mc!udlpg predicted percent of dissatisfied people (PPD) and predicted mean vote (PMV) indexes. This paper
sents lh‘:‘ first TC results m'tcgmlgd in the GERIA Project *Geriatric study in Portugal on Health Effects of Air
Qualty 1n Elderly Care Centers” ongoing study. il

2. MATERIALS AND METHODS

2.1. Sampling sites

The study was performed during winter 2011 (November-December) and summer 2012 (Junc-August), n 54 ECCs
rooms within dining mnms: drawing rooms, medical offices and bedrooms, including the bedridden subgroup. TC
parameters W v.n measured following 1SO 7730:2005, included relative humidity (RH), temperature and air velocity in
order to determine PMV and PPD indexes. The assessment included daytime sampling (starting at 10 am), conducted in
a discreet fashion in order not to disturb occupants' normal behavior. It was also performed a building characterization
by an walk-through survey including the following information: type of building construction (concrete, masonry, etc.);
thermal 1solation of the building: characteristics of building envelope (type of windows and doors, presence of weather
stnpping. et¢.), ventilation system (natural. mechanical. hybrid, etc.); types of indoor materials; usc of gas burning
apphances; evidence of dampness or mould: as well as ventilation practices (opened windows).

2.2 Sampling methods

ECCs rooms ‘homogeneous™ and steady-state environment were tested according 1SO 7726:2005 specifications with
TSI 8386A-M-GB thermo-ancmometer. Moderate environments (class C — comfort standard) were considered.
Objective physical data, including air temperature, radiant temperature, relative humidity and air velocity were collected
by Delta Ohm HD 32.1 - Data logger, placed at a height of 0.60 meters above the floor (sitting - abdomen level). All
monitoring data were collected as close as possible to the centre of the room, with the sampling points no closer than 1
meter to a wall, a window. a door or an active heating system. After 25 minutes equipment stabilization in each room,
the measurements were recorded during 10 minutes. The data obtained in each room was treated using the software
DeltaLogl0 version 1.30. According to ISO 7730:2005 and confirmed by observation, elderly occupants® daily activity
was considered to have a metabolic rate of 1.0 met (seated, relaxed) and their clothing a thermal insulation of | cle
(underwear with short sleeves and legs. shirt, trousers, jacket, socks and shoes) in summer, and 1.3 c/o (underwear with
long sleeves, long trousers, long shirt. jersey, thermo-jacket, socks and shoes) in winter.

2.2. Data Analysis o L .
Descriptive analyses were used to obtain insight into the ECCs characteristics and TC monitoring results. Uncertainty

was reported as 95% confidence intervals based on error propagation of multiple samples and instrumental uncertainty.
Paired t-tests were used to test for seasonal effects differences. A 0.05 level of significance was used for all analyses.

All data were analyzed using IBM SPSS 20.0.

3. RESULTS AND DISCUSSION

3.1. Elderly Care Centers ; i
The 12 ECCs were located in an urban area of Porto, housing a total of 343 persons with a range of 7 to 136 ocgupants
per building. Most ECCs (78%) were in older buildings (up to 60 ycars old) using stone masonry construction g

single pane windows. All buildings had been adapted for the purpose o-t' ECC‘:;.D On!y 33% _h.':d insulation on the rool:and
walls. Most of the buildings presented leaks (67%) and condensation (56%) In nteror walls and cmlnlgs. Floor
covenngs were mainly wood, tile/stone or PVC. The ECCs were a]l}cqulppgd with hc_:mng systems (30‘ o central
heating and 70% gas and electric heaters). All ECCs were naturally ventilated with no cm‘)lmg syst‘cn:s apart from some
Passive measures, such as blinds and curtains on the windows. All ECCs were smoke-free and 89% were near roads

with heavy traffic.
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Dunng monitoring, the mean daily ambient air temperatures in Porto ranged from 217 (HR: 18%) to 30 °C (HR: 341..!
M summer, and fn; V11 °C (HR: 20%) to 21 °C (HR:72%) in winter. In the ECCs, temperatures ranged between 20 %C
HR. 242, 1 28 ’: (HR: 75% )&in summer, and 14 °C (HR: 26%) 10 24 °C (78%) in winter. Table 1 presents the
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of the main parameters assessed and associated variable

. S. Figure
thermal sensation scale (0 = Ls

Neutral, .

overall perspective of TC descriptive data  the
distribution of PMV index around three out of seven values of the
cool; 1 = shghtly warm).

Table 1. ECCs main descriptive statistics and variables

Minimum Maximum Mcan Std. lk\‘imn“‘“
Air velocity Summer (mv's) 0.01 0.3 0.03 QL‘E\
Air velocity Winter (m/s) 0.01 1.2 0.06 0.2
Area (m°) 7.0 150 34 By T
RH Summer (%a) 24.0 75.2 53.0 135
RH Winter (%) 264 77.7 49.2 131 T
Occupation Summer (N.o) . 21 4 6§ T =
Occupation Winter (N.0) - 30 4 6
PMV Summer -07 11 0.3 0s  —  —
PMV Winter -1.8 0.6 0.5 07
PPD Summer (%) 5.1 316 11.7 T
PPD Winter (%) 50 66.1 19.1 193
Temperature of air Summer (°C) 20.0 276 239 2.0
Temperature of air Winter (°C) 13.6 238 193 27
Operative temperature Summer (°C) 20.0 27.5 24.1 2.0 D
Operative temperature Winter (°C) 13.6 243 19.5 2.8 I
Mcan radiant temperature Summer (°C) 19.9 29.2 243 2.2 -
Mcan radiant temperature Winter (°C) 13.6 279 19.8 3.0
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Figure 1. PMV distribution by room and season
O‘ur results mdic;w_: that, due to'poor insulation, the winter season TC parameters and indexes are not within the class A
L\(-)_ 77301:2005 rclcru_'ncc (PMV: [f0.2; 0.2]; PPD: < 6%). Also there are significant differences by season between PPD
(I" =0.032) and PM\' (P =0.001) indexes when assessing the same rooms. In natural ventilated environments with poot
insulation, _1he maintenance of a comfortable indoor environment for elderly populations can be a substantial challenge.
especially in winter season. According to Raymann and Van Someren (2008), TC is -.1‘ major l‘:\‘l-lt.‘ f;w the clderly and
can be associated with cardio-mortality due to low temperatures in poor insula{;'d hm;scs (l;i ’kc;\;.‘* ct al., 2009). '

4. CONCLUSIONS
Our study suggests that simple measures could provide health bene
walls and windows, without giy ing up the natural and pas
due to the advantage of the country's generally mild we
TC variables within and between buildings, in order to ;

fits to ECCs residents, such as insulating mlmg-‘:
sive ventilation solutions that are very common in Poriugs
ather. Further work is needed analyzing the interaction betwees
mprove the wellbeing of our elderly population
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