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Abstract. Nowadays there are approximately 500,000 summer cottages in Fin-
land and the amount will increase in the future. In order to improve the energy
efficiency of summer cottages in Finland, the effects of a constant output heat-
ing in unoccupied cottages are studied. The idea is to apply a minimum amount
of energy in order to avoid moisture-related deterioration of structures and
movables. This kind of constant output heating needs an electric input of 5-15
W per floor square meter, which is clearly lower than the energy consumption
of conventional heating.

Field measurements, which are presented in current paper, aim at indicating
the actual moisture conditions in unoccupied Finnish summer cottages. Field
measurements in seven non-insulated massive log walled cottages in Tampere
region (Finland) have been performed during 2007-2009. Based on indoor and
outdoor RH logger measurements (at one-hour interval) the monthly average
differences between indoor and outdoor water vapour content were determined.

In general, both moisture excess, but mostly moisture deficit was found in
summer cottage case buildings during different months a year. The average
moisture content of indoor air was found to be lower than the average moisture
content of outdoor air indicating an average moisture deficit of indoor air in un-
occupied Finnish summer cottages. These results oppose to the usual moisture
excess of full-time residential buildings in Finnish climate. Even though the
conditions differ, the structures both in summer cottages and in full-time resi-
dential buildings are often alike.
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1 Introduction

A growing volume of research demonstrates the benefits of adopting energy-efficient
or zoned heating, ventilation, and air conditioning (HVACs), with engineers conclud-
ing that substantial energy savings can be achieved through these systems [1, 2, 3, 4,
5]. Nowadays there are approximately 500,000 summer cottages in Finland and the
amount is increasing. Also, the quality of building service systems of summer cot-



tages is constantly increasing. Three quarters of the cottages are connected to the
power grid and more often summer cottages are retrofitted for a year-round use.
Summer cottages are often heated in order to maintain living comfort for the next
visit, and to ensure that the building will not be deteriorated [6].

Usually a conventional electric heating is applied, keeping the indoor temperature
at a specified level. Usually the temperatures are kept between the values 5 and 15°C,
even if the cottage is not used or used very rarely during the heating period (from
early autumn to spring). Keeping the indoor temperature relatively high, also during
the times the house is not used, needs a lot of energy. Current annual electricity con-
sumption of free-time residences is clearly exceeding 500 GWh and due to the in-
creasing rate of construction of new summer cottages it is expected reach 1000 GWh
in the future, which is 10% of heating and domestic electricity consumption. There-
fore, there lies considerable energy saving potential.

Favourable indoor conditions for movables and envelope structures can be
achieved with a lower energy consumption than the conventional heating. Moisture
related damages, like mould growth and moisture condensation on the surfaces, are
depending mainly on the relative humidity of the indoor air. In summer cottage condi-
tions (in the Nordic countries) a few degrees increase in temperature can decrease the
relative humidity up to 10-15 %. The studied constant output heating keeps the in-
door temperature only a few Celsius degrees above the level where it would be with-
out any heating. At the same time, this means that the indoor temperature is kept a
few degrees above the outdoor temperature. During the coldest periods, the indoor
temperature can be very low, even below zero centigrade, which sets demands e.g. for
the water systems, and means that it takes longer time to get the indoor temperature
on a comfort level for living in the beginning of a visit [7].

The energy consumption of constant output heating is clearly lower than the ener-
gy consumption of conventional heating. The constant output heating needs an elec-
tric input of 5—15 W per floor square meter. The input varies depending on ventilation
and the properties of house, like the heat resistance and air-tightness of building enve-
lope.

In heated and occupied residential buildings in Nordic climate the indoor air usual-
ly consists more water vapour than outdoor air. Therefore, there exists constant condi-
tions of moisture excess. That is caused by residential moisture production of inhabit-
ants and heated indoor air, which has naturally higher water vapour absorption capaci-
ty in comparison with outdoor air.

The moisture conditions in summer cottages are expected to be different since
there exists less moisture production from inhabitants (used only occasionally) and
also the indoor temperature is kept on lower level. However, the actual moisture con-
ditions and their temporal change in summer cottages was not exactly known. Field
measurements, which are presented in current paper, aim at indicating the actual
moisture conditions in unoccupied Finnish summer cottages.

The study is a part of research project “Eco-efficient irregular heating” (EREL)”
belonging to a project cluster “Eco-efficiency of holiday housing (VAPET)” in 2007-
2009. This cluster studies free-time residence based on continuous energy and eco-
efficiency in order to pursue finding and developing optional technologies, services
and practices, which enable to increase the eco-efficiency of summer cottages.



2 Materials and methods

2.1  Case study buildings

Seven uninsulated massive log summer cottages in Tampere region, Finland (Fig. 1)
were selected for the study. The field measurements consisted of temperature, relative
humidity as well as air-tightness measurements of the log buildings. In five case
buildings the temperature and relative humidity were measured for two consecutive
years: 2007-2009. In two case buildings the measurements were performed for one
year: in 2007-2008 and 2008-2009, respectively.

Fig. 1. Front and side view of two Finnish summer cottages.

The general information of the case study buildings is presented in Table 1. All the
case buildings have natural ventilation through ventilation holes in external walls. The
occupants have possibility to control the ventilation by opening or closing the ventila-
tion holes. The information about ventilation openings (open, partially open or closed)
is presented in table 1. The ceiling and floor structures in cottage no. 5 have been
retrofitted during moving.



Table 1. General information of the case study buildings

No. of case building 1 2 3 4 5 6 7

Measurement period  07-08 07-09 07-09 07-09 07-09 07-09 08-09

Location Tampere Keuruu  Orivesi Lavia Lavia  Keuruu Pilkéne
Year of construction 1989 2000 2007 1985* 2002 1993 1988
Indoor area [m?] 53 24 75 17 66 27 28
Indoor volume [m?] 135 68 182 40 181 78 69
Envelope weighed not calcu-  0.66 0.45 0.60 0.51 0.60 0.63
U-value [W/(m2-K)] lated
Airtightness: air 24.0 26.9 15.7 30.0 5.1 29.7 6.3

change rate, nso [h!]
Ventilation holes  opened partially partially partially partially closed closed
opened opened opened opened

Heating in winter no no no no basic  constant not in-
07-08 heating 220 W  cluded
Heating in winter not includ- constant constant constant constant constant constant
08-09 ed 210 W 780 W** 110 W**  800W  220W 140 W
Main direction of west east west east east east east
windows

Notes: * retrofits in 2000, ** part of the time unheated

2.2  Temperature and relative humidity measurements

Temperature and relative humidity dataloggers (Comark Diligence EV N2003) with
battery power were applied for the measurements. The measuring range for relative
humidity was 0...97% in a precondition that the humidity is not condensed. The accu-
racy for temperature is = 0.5 °C and + 3 % for relative humidity. Dataloggers were
programmed for one hour measuring interval of temperature and relative humidity
measurements. Due to limitations in memory capacity, the measuring data were col-
lected in two stages: in spring 2008 and in spring 2009 (at the end of measurements).
Four, five or six loggers were placed to each case building. One logger was recording
the outdoor conditions while the rest were recording indoor conditions. The outdoor
dataloggers were placed under the protection from rain and direct sunlight i.e. to the
terrace or under the shelter. Same outdoor logger was placed for case buildings 4 and
5, since they were located at the same plot. The indoor loggers were placed to inner
surface of external wall and window and so called cold surface, where conditions
were expected to change more slowly compared to indoor air. If possible, windows in
different directions were included to account also sun radiation. Fig. 2 shows the loca-
tion of dataloggers in case building 5.
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Fig. 2. Location of dataloggers in case building 5.

3 Results and discussion

The average daily conditions of different case buildings are presented in in Fig 3.
Fig. 3 shows the the indoor air condition at the centre of each cottage (logger 1 in Fig.
2). Indoor and outdoor conditions of unheated case buildings from 1.12.07-23.2.08
are presented in left and constant output heated case buildings from 1.12.08-23.2.09
are presented in right column in Fig. 3. Upper figures show measured relative humidi-
ties, middle show measured temperatures and lower show water vapour concentra-
tions, which was calculated from the measured temperature and relative humidity
values. Since the indoor air conditions are measured in consecutive years, to enable
better comparison, the outdoor air conditions in Fig. 3 are taken from the nearest
weather station of Finnish Meteorological Institute (in Tampere, abbreviation TRE in
Fig. 3).
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Fig. 3. Daily average indoor and outdoor conditions of unheated case buildings from 1.12.07-
23.2.08 are presented in left and constant output heated case buildings from 1.12.08-23.2.09 are
presented in right. Upper figures show relative humidities, middle show temperatures and lower

show water vapour concentrations.



The following findings were made from the measurement results from unheated
summer cottages (Fig. 3 left).

e  The relative humidity of indoor air stays mainly under 80%, but could be oc-
casionally 10-15 % higher on window surface making it the most susceptible
place for condensation. However, usually condensation does not occur in
unoccupied premises.

e Indoor temperature and humidity conditions mainly follow outdoor condi-
tions. Indoor temperature and water vapour content follow outdoor changes
with some hours delay. The surface of the materials also influences indoor
air conditions.

e  The thermal conductivity of envelope and ventilation have a major impact on
the indoor temperature and water vapour content.

e The indoor water vapour content is lower than that of outdoor water va-
pour content in most times. The opposite happens in spring and during the
residence. The moisture absoption capacity of log surfaces in indoor air
also affect the situation.

e  Winter visits dry the cottage. Drying is more significant the more the vis-
its occur and last.

The following findings were made in constant output heated summer cottages (Fig. 3
right):

e The temperature increase (heating) +3 °C decreases about 10% relative hu-
midity. Heating has lower impact on window surfaces than for indoor air
conditions.

e Changing conventional heating to constant output heating does not affect in-
door conditions significantly. Constant output heating could improve the
conditions in autumn and spring.

e Similarly, outdoor conditions affect indoor conditions. However, indoor
temperature stays a few degrees higher.

e Heating does not affect water vapour content, thus the difference between
indoor and outdoor water vapour content is the same as in unheated summer
cottages.

e Heating is not necessary in airtight cottage with nearly continuous residence.
Heating could decrease the indoor relative humidity to aversely low levels.



e Decreasing ventilation could save heating power. The effect is greater in
more airtight envelopes (Table 1). Closing ventilation in an airtight unoccu-
pied cottages (cottages 6 and 7 in table 1) did not have adverse effect on the
relative humidity or water vapour content even in spring (upper and lower
figure in Fig. 3).

Based on indoor and outdoor RH logger measurements the monthly average differ-
ences between indoor and outdoor water vapour content were found (Fig. 4).
34
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Fig. 4. The monthly average differences between the indoor and outdoor water va-
pour content of studied case buildings during 2007-2009.

Fig. 4 shows that indoor moisture deficit related to outdoor exist in case buildings
during most times a year excluding spring. This situation is the opposite to the resi-
dential buildings in continuous use. The greatest indoor moisture deficit could be
found in late summer and early autumn. Indoor moisture deficit decreases during
winter and could turn to moisture excess in spring. In addition, occupant visits also
produce moisture. It can be noticed from Fig. 4 that cottage 3 has higher indoor mois-
ture related to outdoors in both studied winters, which was related to frequent winter
use of the cottage.

It should be taken into account field measurements were performed only in uninsu-
lated massive log cottages. The results might not be valid in e.g. timber-frame or in-
side insulated log cottages, because the water absorption capacity of inner surface of
log wall could differ significantly. Conventional heating could be changed to constant
output heating only, if the risks for possible freezing of home appliances and water
systems are eliminated.

Additional research is needed in timber-frame summer cottages with different insu-
lation materials in order to account the whole Finnish summer cottage building stock.
Also, additional field measurements in roof, floor and foundations (with and without
crawl spaces) to be performed for more reliable understanding of the performance of
constant output heating. Additional research is necessary for the importance of venti-
lation, temporary breaks of heating and intermittent heating for possible heating opti-
mization without increasing mould risks.



Conclusions

Current study presents the results of field measurements of indoor air conditions from
seven unoccupied non-insulated massive log-walled cottages in Finland (Tampere
region) during 2007-2009.

In general, changing conventional heating to constant output heating does not affect
indoor air conditions significantly. Constant output heating could improve the condi-
tions in autumn and spring. Constant output heating (temperature increase of 3 °C)
decreases about 10% relative humidity.

The monthly average moisture content of indoor air was found to be lower than the
average moisture content of outdoor air indicating an average moisture deficit of in-
door air in unoccupied Finnish summer cottages. The indoor moisture deficit related
to outdoor exist in case buildings during most times a year excluding spring in some
cases. These results oppose to the usual moisture excess of full-time residential build-
ings in Finnish climate. Even though the conditions differ, the structures both in un-
occupied summer cottages and in full-time residential buildings are often alike.
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