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ABSTRACT TIIVISTELMÄ
Heidi Sukanen
Housing Architecture in a Time of Climate Emergency – Climate change and 
overheating in buildings
Tampere university
Faculty of Built Environment, Department of Architecture
Master’s thesis
April 2020

In this master’s thesis, the relationship between climate change and residen-
tial building summertime overheating in the Finnish context is explored. Dif-
ferent solutions to mitigate building overheating are examined, both through 
literature review and dynamic energy simulations of a case study building.  

Climate change is among other things causing mean temperatures to rise, 
heatwaves to become more common, urban heat island-effects to strengthen, 
and solar radiation amounts to change. In order to design buildings that will 
not overheat in the future, we must understand these changes and how they 
will affect the internal environments of buildings. Building overheating, espe-
cially in the residential factor, can have wide ranging effects from issues with 
health and wellbeing to increase in energy consumption and energy poverty. 
Factors making the Finnish population and building stock especially vulnerable 
to summertime overheating include an aging population, cultural and physiolo-
gical acclimatization to a cool climate, and a building stock without sufficient 
protection.

The thesis concludes that the Finnish building stock may already be at risk 
of overheating, as surveys show a substantial dissatisfaction in summertime 
thermal comfort in Finnish homes. The results from the case study simulations 
show that severe overheating can occur in low-energy buildings, even in the 
Nordic climate of Finland, however passive mitigation strategies can effectively 
help reduce overheating. 

Keywords: overheating, climate change, mitigation, architecture, housing

Heidi Sukanen
Asuntoarkkitehtuuri ilmastokriisin aikana – Ilmastonmuutos ja rakennusten 
ylilämpeneminen
Tampereen yliopisto
Rakennetun ympäristön tiedekunta, Arkkitehtuurin yksikkö 
Diplomityö
Huhtikuu 2020

Tämä diplomityö tarkastelee ilmastonmuutoksen ja asuinrakennusten kesäai-
kaisen ylilämpenemisen suhdetta Suomen ilmastossa. Eri ratkaisuja ylilämpe-
nemisen estämiseksi tarkastellaan sekä kirjallisten lähteiden että case-raken-
nuksen energiasimuloinnin avulla. 

Ilmastonmuutos aiheuttaa Suomessa muun muassa lämpötilojen nousua, helle-
aaltojen yleistymistä, lämpösaarekeilmiön pahenemista, sekä muutoksia
auringon säteilyssä. Jotta voimme suunnitella rakennuksia, jotka eivät yliläm-
pene tulevaisuudessa, meidän täytyy ymmärtää niihin vaikuttavia ilmiöitä.
Etenkin asuinrakennusten ylimänpeneminen voi aiheutaa laaja-alaisia vaiku-
tuksia, terveysongelmista energiankulutuksen kasvuun sekä energiaköyhyyden
yleistymiseen. Väestön ikääntymisen, fyysisen ja kulttuurisen kylmään ilmas-
toon sopeutumisemme sekä rakennusten riittämättömän lämpösuojauksen 
vuoksi kesäaikainen ylilämpeneminen on erityinen uhka suomalaisille ihmisille 
ja rakennuskannalle.

Tämän diplomityön tulosten perusteella voidaan päätellä, että suomalainen
rakennuskanta saattaa jo tänä päivänä olla ylilämpenemisen vaarassa. Suoma-
laiset ovat kyselyissä osoittaneet huomattavaa tyytymättömyyttä kesäaikaisiin
sisälämpötiloihin. Case-rakennuksen simulointien avulla saatiin myös selville,
että energiatehokkaat rakennukset saattavat jopa tämän päivän ilmastossa
ylilämmetä vakavasti, vaikka passiivisten keinojen avulla ylilämpenemistä voi-
daankin merkittävästi vähentää.

Avainsanat: ylilämpeneminen, ilmastonmuutos, arkkitehtuuri, asuntosuunnit-
telu
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GLOSSARY

HDD/CDD – Heating degree days / Cooling degree days
HCED – Heating and cooling energy demand
RCP – Representative Concentration Pathways
UHI – Urban heat island
EP – Energy poverty
TRY – Test reference year
EPBD – Energy Performance of Buildings Directive
nZEB – Nearly Zero Energy Building
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Climate change is already affecting our environ-
ment in many ways, and will continue to do so 
more severely in the future if we do not make 
changes to adapt to our planet’s needs. In Fin-
land, we can already see the average temperature 
rising, extreme weather events and heavy rain be-
coming more common, and sea levels rising. All 
of these factors have an impact on us humans and 
our built environment. 

Because of our cold climate in Finland, we have 
mainly been focused on how to make energy ef-
ficient buildings that can withstand the cold and 
stay warm in winter. However, as global tempera-
tures rise, so will the indoor temperatures in our 
buildings, if we do not work to solve this issue. 
Summer-time building overheating in Finland is 
currently an overlooked issue, as research on the 
topic is limited, and that is why this work will focus 
on how climate change might cause overheating 
in buildings and what we can do to reduce buil-
ding overheating risk. 

As the majority of our time is spent inside, good 
indoor air quality is imperative for our health. Spe-
cial attention should be paid to most vulnerable 
people, such as the elderly, children and disa-
bled people, who spend almost all of their time 
at home and, consequently, are at higher risk of 
health impacts from excessive heat (Räsänen et al., 
2019).

The building sector holds a big responsibility in 
the efforts of mitigating climate change, as a subs-
tantial amount of all CO2-emissions are generated 
by buildings in use (RT, 2020).  As building regu-
lations tighten energy efficiency standards, they 
may cause contradictions related to new needs 
we face caused by a changing climate. We will 
need to simultaneously mitigate climate change 
and also adapt to its effects. As we are striving to 

minimize our buildings’ impact on climate chan-
ge, new regulations and policies in the building 
industry would help us on the right path. Howe-
ver, latest information on the local effects of clima-
te change must be considered when developing 
new regulations and policies. 

Global warming, urbanisation, energy efficiency 
measures, ageing population, and lack of kno-
wledge are all factors contributing to the problem 
of overheating (Lomas & Porritt, 2017). The topic 
of overheating in countries where it has not been 
a problem in the past must be discussed and stu-
died before we are left with a building stock with a 
legacy of overheating.

1.1 STRUCTURE AND   
 SCOPE OF WORK
Climate change will have multiple effects on us 
humans and our built environment, through inc-
reased flooding, forest fires, sea level rise, loss of 
biodiversity etc.. However, this work will only focus 
on the effects on summer overheating in homes in 
the Finnish climate, as there is currently very little 
information to be found on the subject. The lack of 
information and/or studies on the subject is most 
likely due to our cool climate, and indicates that 
overheating not currently seen a s a major issue 
in Finland. In this research however, I will highlight 
why we might actually be vulnerable to some effe-
cts climate change, causing building overheating 
in the future and why the topic should be studied 
more. 

The first part of the thesis will focus on gathering 
data and information from other studies and sour-
ces on climate change, the link with overheating, 
and possible mitigation strategies. This part will 
be divided into three sections where I aim to 
answer specific questions; 1. How does climate 

1. INTRODUCTION
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change cause building overheating? 2.  What are 
the effects of overheating in buildings? 3. What 
can we do?

The second part of the thesis will take a look at a 
case study building complex, Puukuokka, and with 
the help of the dynamic energy modelling pro-
gram IDA-ICE, different overheating solutions will 
be tested in the Finnish climate now, and in the 
future. The dynamic energy modelling can give 
us valuable information on what solutions actually 
work in a Nordic climate, as most similar studies 
are based in much warmer climates.

1.2 RESEARCH 
 OBJECTIVES
Research on summertime overheating in buildin-
gs is mainly conducted in warmer climates, where 
it is seen as a significant issue. In Nordic countries 
such as Finland, however, studies on the topic are 
hard to find. Focus has mainly been on keeping 
buildings warm during winter through building 
energy efficiency and reducing heating needs. 
Therefore, Nordic housing is generally very high 
quality as it pertains to those specific measures. 

However, In the research found on the topic in the 
Nordic region, it has been highlighted that the 
trend of designing passive solar architecture, wi-
thout the consideration of proper solar protection 
measures during summer, has caused many Nor-
dic buildings to be overheated, leading to the use 
of mechanical cooling (Marsh, 2017). As we are 
currently trying to minimize our energy use in the 
building sector, relying only on mechanical coo-
ling to stop overheating should not be a solution, 
as it increases energy consumption, may cause 
problems due to possible power outages and can 
lead to energy poverty (Zuo et al., 2014). Passive 
solutions, specifically in early stages of a design 

can have a large impact on the internal environ-
ment and energy consumption of a building. The-
refore, passive solutions should be part of every 
architect’s toolkit. 

With this thesis, I aim to provide a better unders-
tanding of how climate change increases building 
overheating in the Nordic context. Additionally, I 
aim to find out what the consequences of building 
overheating are, and what the optimal solutions 
might be to mitigate it, leading to design deci-
sions to be made in the future.
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2.1.2    SOLAR RADIATION

2.1.3   PRECIPITATION

2.1.4    WIND

2.2 HEAT WAVES

2.3 URBAN HEAT ISLANDS

2. CLIMATE CHANGE IN 
 FINLAND

2.1 CLIMATE CHANGE        
 PREDICTIONS

2.1.1    TEMPERATURE

WHAT CAUSES OVERHEATING?
PART I PART I 
WHAT CAUSES OVERHEATING?

Multiple factors impact on how climate change 
embodies itself in different climates. In Finland, 
temperature increase is faster than average glo-
bal temperature rise, which can be attributed to 
our location in the Northern Hemisphere and our 
continental subarctic and boreal climate (Köp-
pen climate classification) (Peel et al., 2007). As 
the land to ocean ratio is higher in the Northern 
Hemisphere, and temperatures over land tend to 
increase faster than over the ocean, the tempera-
ture increase is faster in the Northern Hemisphe-
re compared to that of the Southern Hemisphere 
(Friedman et al., 2013). Furthermore, the close-
ness to the Arctic region is causing additional 
temperature increase, as the previously cooling 
ice- and snow-covered areas are melting at a ra-
pid rate, and heat from solar radiation is more ef-
ficiently being absorbed into the environment, as 
opposed to being reflected into space (Mäkelä et 
al., 2016; Serreze & Barry, 2011).

We are facing multiple risks concerning climate 
change in Finland. More extreme weather events 
along with rising temperatures are forcing us to 
adapt to a new type of climate. The changes in 
our local climate can have serious impacts on the 
health of the population and the economy, and 
preparing for and mitigating these impacts is the-
refore important.  According to a national asses-
sment on Weather and Climate Risks in Finland 
published by the Prime Minister’s Office, one of 
the biggest climate change related risks we are 
facing includes hot weather: we are currently not 
prepared enough for its effects (Tuomenvirta et 

1 The RCP-scenarios represent four different trajectories (RCP2.6, RCP4.5, RCP6.0 and RCP8.5) of future greenhouse gas 
concentrations in the atmosphere adopted by The Intergovernmental Panel on Climate Change (IPCC) in their fifth Assessment 
Report in 2014.

al., 2018). In the Nordic countries, we are used to 
and better prepared for the risks of cold weather, 
as it has been the main characteristic of our cli-
mate. Hot weather, however, is a newer threat that 
we are only starting to recognize and the conse-
quences on energy consumption, health etc. are 
still somewhat uncertain and should be further 
studied (Pilli-Sihvola et al., 2018).

2.1 CLIMATE CHANGE   
 PREDICTIONS
Globally and in Finland, the climate is changing 
due to global warming. With the help of four 
RCP-scenarios1 (Representative Concentration 
Pathways) climate scientists are trying to predict 
the possible future impacts of climate change. 
The different scenarios represent four differing 
trajectories, as seen in Figure 1, are based on 
assumptions about poplation growth, economy, 
energy consumption, energy sources, climate 

2. CLIMATE CHANGE IN 

 FINLAND

RCP2.6
Best case scenario, 
minimum amount of 

carbon emissions, 
global warming 

limited to 1°C

RCP4.5
Emissions continue to 

rise until 2050, thereafter 
they rapidly decline. 

RCP6.0
Emissions double by 
2060, then start to 

decline. CO2 
concentrations in the 

atmosphere
 continue to rise

RCP8.5
Worst case scenario, 

emissions and CO2 con-
centrations will continue 

to rise steadily.Global 
warming up to 4°C

Figure 1: The four different RCP-scenarios
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Figure 2: Change in global average surface temperature and precipitation amounts by the end of the century compared to the 
years 1986—2005, for RCP2.6 and RCP8.5 scenarios. (IPCC, 2014)

policies and land use, and their effect on carbon 
emissions between the years 2000—2100. (IPCC, 
2014.) The differences between the best and 
worst case scenarios are large, and the effects on 
average global temperature and precipitation can 
be seen in Figure 2.

Though some aspects of climate change are still 
uncertain, past predictions have shown to be ext-
remely accurate in predicting future outcomes 

(Nuccitelli, 2019). Certain complex and rare events 
are harder to predict, however, global temperatu-
re rise is predicted to ”very certainly” happen ac-
cording to all future RCP-scenarios, and is some-
thing that we can no longer avoid (IPCC, 2014). 
Uncertainties in the different modelling scenarios 
come mainly from the possible varying intensity 
of a specific effect, although the overall trends are 
pretty well known.

2.1.1    TEMPERATURE
Increasing greenhouse gases in the atmosphere 
will continue to escalate the warming of our cli-
mate in the near and possibly far future. In Fin-
land, mean temperatures have already risen by 
2.3 ± 0.4°C between the years 1847—2013, which 
is almost double the world mean average (see 
Figure 3) (Mikkonen et al., 2015). In all of the four 
RCP-scenarios the global mean temperature will 
continue to rise, although in the best-case sce-
nario of RCP2.6 is limited to 1 ± 0.4°C from the 
reference period of 1986–2005 (IPCC, 2014). In 
Finland, however, the expected rise in temperatu-
re is higher than the global mean average, as the 
predictions vary from 1.9°C (best-case) to 5.6°C 
(worst-case) relative to 1981—2010. The predicted 
ratio of temperature increase in Finland is 1.6—1.9 
x the world mean average, depending on the 
RCP-scenario. In the milder scenarios (RCP2.6 & 
RCP4.5), the ratio is higher, while in the more se-
vere scenarios (RCP6.0 & RCP8.5) it is lower. This 
effect is thought to be caused by the melting and 
retreat of sea ice in the Arctic Ocean, which cur-
rently has a strong effect on our climate. As the 
edge of the ice retreats further away, its effect on 
our climate diminishes. (Ruosteenoja et al., 2016.)

 
The majority of the temperature increase is expe-
cted to be for winter temperatures. According to 
the projections, the summer temperature rise will 
be about 40% weaker than that of winter. For the 
RCP8.5-scenario this means 5°C warming in sum-
mer vs. 7°C warming in winter by the end of the 
century (see Figure 5) (Ruosteenoja et al., 2016). 
Although not as strongly as in winter, summer 
temperatures will continue to rise in the future. 
Additionally, peak summer temperatures will con-
tinue to rise at a similar rate to the summer mean 
temperature average. If the summer mean tempe-
rature rises 5°C (RCP8.5) by the end of the centu-
ry, peak summer temperatures of 35°C will beco-

Figure 3: Estimated annual changes in mean temperature 
in Finland (above) and globally (below) for the four different 
RCP-scenarios between the years 2000—2085 relative to the 
the baseline period 1981—2010. (Ministry of Agriculture and 
Forestry, 2014)
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me as common as 30°C temperatures are today. 
(Mäkelä et al., 2016.) A significant increase of 5°C 
will have an effect on thermal comfort in current 
Finnish buildings and cities designed for a cooler 
climate. These possible large increases in tempe-
rature must be considered as new buildings are 
designed and built, and old ones retrofitted. 

Assuming the best-case scenario for climate 
change (RCP2.6), summer temperatures will still 
rise 1.5°C by the end of the century relative to 
1981—2010, and peak temperatures respectively 
(Ruosteenoja et al., 2016). The rising of summer 
temperatures will increase the risk of overheating 
in buildings in summer, as buildings are constant-
ly interacting with the outside environment. Heat 
transfer from hot outside air can occur through 
ventilation, building fabric and windows. (Short-
house, 2015.)

2.1.2   SOLAR RADIATION
predictions are more uncertain, but show a slight 
increase of 2—3% in all RCP-scenarios. The diffe-
rences in summer and winter solar radiation chan-
ges for the RCP8.5 scenario by mid-century can 
be seen in Figure 5. (Ruosteenoja et al., 2016.) 
The increase of summer solar radiation, however 
small, can increase the risk of summertime over-
heating of buildings through direct and indire-
ct radiative heat transfer. Direct transfer occurs 
through glazed areas, and can strongly affect the 
interior temperatures of a building. Other structu-
res, such as walls and roofs, absorb the radiative 
heat which in turn can raise internal temperatures. 
(Shorthouse, 2015.) Because of Finlands’ location 
in the North, solar radiation is unevenly distribut-
ed over the year between winter and summer, as 
summer days are up to three times longer than 
winter days in Southern Finland (Ilmatieteenlaitos, 
n.d.). Between the years 1981—2010 the measu-
red average hours of sunlight in Helsinki during 

July were 291 hours, while in January they were 
only 38 (Pirinen et al., 2012). Long exposure to 
solar radiation during summer increases the risk 
of building overheating, as solar radiation has 
shown to impact building energy consumption as 
much as outside temperatures (Jylhä et al., 2011). 
The solar angle can also affect the impact of so-
lar radiation on inside temperatures, and as solar 
angles in Finland are relatively low, compared to 
more Southern countries, more of the solar radia-
tion is able to penetrate through windows without 
proper solar protection (see Figure 4). The highest 
solar angle in summer in Helsinki is 53 degrees 
(RT, 2018). 

2.1.3 PRECIPITATION
Future predictions for precipitation rates for Fin-
land are somewhat uncertain but show significant 
increases (up to 28%) in winter due to an increase 
in temperature. Summertime precipitation predic-
tions in Northern Europe are contradictory, but a 

Figure 4: Solar angles in Helsinki during Summer- and Winter 
solstace. (Adapted from: RT, 2018)
 

DAY LENGTH: 19H

 

 
 

   
 

 

DAY LENG
TH: 6H 

Figure 5: Projected changes in temperature, solar radiation, and precipitation amounts (in %) in the years 2040-2069, relative 
to the baseline period 1981—2010,  in summer (above) and winter (below) for the worst case RCP8.5 scenario. (Adapted from: 
Ruosteenoja et al., 2016)

slight increase between 0% and 10% can be expe-
cted in most scenarios as seen in Figure 5. (Ruos-
teenoja et al., 2016.) Heavy rains, however, will 
grow stronger by 10—30 % in summer-time accor-
ding to most of the modelling scenarios. Global 
warming sets the physical prerequisites for more 
intense heavy rains, as moisture in the atmosphere 
increases. (Laapas, 2013.) The amount of precipi-
tation can affect the temperature of a region, as 
evaporating water cools the air (Drebs, 2011). 

2.1.4 WIND
The best estimates for future wind changes in Fin-
land are close to zero as different models and sce-
narios have given contradictory results (Ruostee-
noja et al., 2016). Although projections on future 
wind intensity are uncertain, wind is an important 
factor in how we feel the weather around us and 
whether we can achieve thermal comfort or not. 
A recent study in China showed that wind had a 
significant impact on thermal comfort in an urban 
environment (Xu et al., 2019).

TEMPERATURE SOLAR RADIATION PRECIPITATION
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2.2 HEAT WAVES
There is no universal definition of a heat wave, as 
it differs based on the local climate. The World 
Meteorological Organisation recommends that a 
heat wave should be defined as: “A period of mar-
ked unusual hot weather (maximum, minimum 
and daily average temperature) over a region 
persisting at least three consecutive days during 
the warm period of the year based on local (sta-
tion-based) climatological conditions, with ther-
mal conditions recorded above given thresholds.” 
(2018, p.4). In Finland, there is no specification 
on what a heat wave is, instead a “hot day” (helle-
päivä) is defined as a day where the temperature 
reaches at least 25.1 degrees Celsius. The total 
amount of “hot days” each summer has been on 
the rise since 1961, as can be seen in Figure 6. 
The four longest heatwaves, or “consecutive hot 
days”, in Finland since 1961 have occurred within 
the past two decades (see Figure 7) in 2003, 2010, 
2014 and 2018, which shows a strong trend of 
heat waves becoming more common and severe. 

(Ilmatieteen laitos, n.d..) Observational data sho-
ws the same trend all across Europe, as we have 
seen heat waves become more frequent and se-
vere, with the biggest changes being in night-ti-
me temperatures (Donat et al., 2013). According 
to several studies about the future of heat waves, 
they will only become hotter, longer and more fre-
quent in the future (Fischer & Schär, 2010; Meehl 
& Tebaldi, 2004; Russo et al., 2015). 

As opposed to steady temperature rise, heat wa-
ves happen very suddenly, which in turn means 
little to no time for especially vulnerable people to 
adjust to the increase in temperature. This causes 
heat waves to be one of the most severe climate 
change risks that impact our health and wellbeing, 
and so far, have been the leading cause of climate 
disaster related deaths in Europe (World Meteo-
rological Organization, 2014, p.30). Heat waves 
can also put a sudden stress on electricity grids 
as cooling demand increases, which can lead to 
power failure (Moslehi & Reddy, as cited in Banias-
sadi & Sailor, 2018). 

80

60

40

20

1961 1971

May - June July August - September

1981 1991 2001 2011
0

252122 26
days

days
days

days

2003 2010 2014 2018

Figure 6: The amount of hot days (>25°C) each year in Finland since 1961. The graph also shows the amount of hot days in spe-
cific months; yellow: August-September, orange: July, red: May-June. (Adapted from: Ilmatieteenlaitos n.d.)

Figure 7: The length and year of the longest heatwaves in Finland since 1961. (Data from: Ilmatieteenlaitos n.d.)
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2.3 URBAN HEAT ISLANDS
An urban heat island (UHI) is a densely built up 
urban area that is warmer than surrounding ru-
ral areas. The effect is a product of many factors, 
such as transport, retention of heat in buildings 
and roads, waste heat from buildings and lack of 
green spaces. The trapped heat from solar radia-
tion in built constructions is released during the 
night and elevates city temperatures. (Drebs et al., 
n.d..) Lack of vegetation and green spaces in ur-
ban areas also strengthen the effect of UHI as built 
constructions do not offer as effective evaporative 
cooling as vegetation does (U.S. Environmental 
Protection Agency, 2008). Growing urbanisation 
causing denser and larger cities also creates stron-
ger UHI effects. Denser cities also have a densely 
packed population and extreme weather events 
become even more impactful because most of 
the population is affected. 

Measurements taken over a year long period in 
Helsinki (see Figure 8), show up to 4-degree diffe-
rence in temperatures between central and more 
rural locations. The city centre and certain big buil-
dings were found to create their own UHI. (Drebs, 
2011.) UHI effects can also be found in smaller 
cities such as Turku, as the average temperature 
of the city centre was measured to be 2 degrees 
higher than rural areas located 10 km from the 

centre (Suomi, 2004). Although Finnish cities are 
relatively small on a global scale, they are still 
being affected by UHI effects and, as urbanisation 
intensifies, more and more people will be affect-
ed by UHI in Finland. According to the United Na-
tions, 85% of Finnish people were living in urban 
areas in 2018, and the amount is expected to rise 
to 90% by 2050 (United Nations, 2018). 

As already discussed in previous sections, eviden-
ce show that mean temperatures are rising and 
heat waves are becoming more frequent and se-
vere, and the effect of these will only be further 
escalated in cities due to UHI. One of the main 
characteristics of the urban heat island effect is the 
presence of warmer nights. Warm or hot nights di-
minish the opportunities of natural ventilation du-
ring night time to passively cool buildings (Lomas 
and Porritt, 2017). As the need for cooling increa-
ses, the solution of cooling buildings mechanical-
ly will further worsen the UHI effect as heat waste 
is dumped outside (Lomas and Porritt, 2017). This 
can lead to a spiral effect of stronger UHI and hig-
her cooling needs. As mean temperatures rise and 
heatwaves become more severe, summer tempe-
ratures in our cities will become more uncomfor-
table. Therefore, when planning and designing 
districts, neighbourhoods and cities, the risks of 
UHI must be recognised and tried to be mitigated.

Temperature scale

July 2009 - June 2010

-2 0 +2 +4 K

0 5000m2500m
N

E
S

W

Figure 8: UHI-effect in the Helsinki-region measured over a year from July 2009 to June 2010. (Adapted from: Drebs, 2011)
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PART II 
EFFECTS OF OVERHEATING
PART II 
EFFECTS OF OVERHEATING

3. BUILDING PERFORMANCE

4. HEALTH AND WELLBEING
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3. BUILDING
  PERFORMANCE

The effects of climate change together with tight-
ening energy efficiency regulations, and trends in 
architecture, all influence the performance of our 
buildings. Energy consumption trends are chan-
ging due to a warming climate and regulatory 
efforts to lower our CO2 emissions. We are cons-
tantly learning more about how our buildings per-
form, and it is important to keep regulations and 
designers up to date on new developments. Ho-
wever well we are able to mitigate climate change,

the performance of our buildings is still forever 

2 A net zero building is a buiding that generates an equal amount of energy as it consumes, while a plus energy building 
generates more energy than it consumes.

changing and developing as new technologies 
emerge, making our buildings more suitable for 
today’s world.

In Finland, a substantial amount (32%) of all 
CO2-emissions are generated by buildings in use 
(heating, cooling, hot water, electricity), out of 
which the residential sector is responsible for 62% 
(RT, 2020). It is therefore important that efforts 
are being made towards making buildings more 
energy efficient and ultimately net zero or plus 
energy2. Mitigation efforts should however, be 
coupled with adaption measures, as some chan-
ges to our environment are inevitable.

Figures 9 and 10 show the age and characteristics 
of the current Finnish housing stock. 
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Figure 9: (left) Age of the Finnish housing stock, divided by housing type.  (Adapted from: NEEAP, 2017)
Figure 10: (right) Characteristics of the Finnish housing stock (Data from: Statistics Finland, 2018a)
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3.1 STRUCTURAL 
 ENERGY EFFICIENCY

Energy efficiency requirements of the Finnish buil-
ding stock are regulated by the Finnish building 
code. In Finland energy efficiency is measured 
with the use of E-value (kWh / m2). The E-value 
is calculated based on the total yearly energy 
consumption per square meter, weighted by an 
“energy factor” based on the energy sources used. 
Different energy sources have been given diffe-
rent “energy factors”, as defined in the 1010/2017 
Decree of the Ministry of the Environment on the 
Energy Performance of New Buildings; electricity 
= 1.20, district heating = 0.50, district cooling = 
0.28, Fossil fuel = 1.00, and Renewable fuel = 0.50, 
and are used to guide the building sector towards 
better energy efficiency and more sustainable use 
of recourses. By improving the U-values of the 
building fabric, heat loss in winter and heat gain in 
summer through the building fabric is limited and 
the total energy use can be reduced. In Finland, 

U- value requirements for buildings have been set 
since 1976, updated regularly to fit new standards 
of energy efficiency. However current U-value re-
quirements, which are relatively strict, have been 
the same since 2010 (Haakana et al., 2018).

Highly insulated and energy efficient buildings li-
mit the amount of hot and cold air entering the 
building, but also the amount of air exiting, empha-
sizing the importance of ventilation to reduce the 
effects of internal heat gains and heat gains from 
solar radiation. Thanks to large improvements in 
window U-values, larger windows have become 
a part of modern architecture, without compro-
mising buildings’ energy efficiency. Windows are, 
however, still the weakest part of the building fab-
ric in terms of energy efficiency, as heat gain and 
loss is larger compared to the rest of the building 
fabric. As they also let solar radiation, and there-
by radiative heat into buildings, they can greatly 
contribute to the overheating of a building. The 
trend of building highly insulated buildings with 
large windows without any solar protection can 
reduce energy demand in winter, however it will 
most likely increase the risk of overheating of 

Figure 11: Energy class distribution of the Finnish housing stock. Housing blocks and terraced houses (right) and Detached 
houses (left)  (Adapted from: NEEAP, 2017) 

buildings in summer. A simulation comparing 
the energy demand of typical Finnish apartment 
buildings built in 1974 and 2012 showed that alt-
hough heating demand was significantly higher in 
the older building, cooling demand was notably 
higher in the newer one (Airaksinen et al., 2015). 
The simulation results show that newer buildings 
with higher insulation may be more vulnerable to 
overheating as mechanical cooling and/or solar 
shading is still not the standard in many homes. 
Since 2010, approximately 95 000 new residen-
tial buildings have been built, and may fall under 
the risk of overheating (Official Statistics Finland, 
2019c).

As older residential buildings are being renovat-
ed for better energy efficiency, it is important to 
consider and mitigate overheating risks especially 
in vulnerable homes, as a UK based study found 
that full energy efficiency retrofits showed a corre-
lation with increased overheating risk and mortali-
ty (Taylor et al., 2018). The findings further support 
the notion of more energy efficient homes being 
at higher risk of overheating.

3.2 BUILDING ENERGY   
 CONSUMPTION

Global warming is changing our buildings’ energy 
demands and consumption. Although specific va-
lues are difficult to predict due to the uncertain 
nature of climate change, the general direction 
is clear. For Finland, the biggest climatic factors 
contributing to the changes in energy demand are 
temperature and solar radiation, while the effects 
of humidity and wind are only marginal (Jylhä et 
al., 2015). Higher energy efficiency in buildings 
is also contributing a change in our energy con-

3             Heating and Cooling Degree Days (HDD/CDD) are measurements designed to estimate the energy demand needed to 
heat or cool buildings. It is the number of degrees that a day’s average temperature is above or below 17ºC (Base temperature).

sumption and is increasing the role of the occu-
pant in keeping buildings low-energy (Andersen 
et al., 2009). Buildings are also becoming more 
automated, causing higher electricity demand, 
leading further to increases in the price of electri-
city (Official Statistics Finland, 2018b, 2019b)

Yearly energy consumption needs can be esti-
mated by using Heating and Cooling Degree 
Days (HDD/CDD)3, which calculate the heating/
cooling needs based on temperature differences 
between inside and outside air. This method of 
calculating can be a good starting point for esti-
mating energy needs, but does not factor in heat 
gains and air flows inside a building or the effects 
of solar radiation. For more accurate calculations, 
dynamic energy models that consider internal va-
riables and solar radiation can be used to calcu-
late building energy demand as well as internal 
air conditions and energy saving potentials (Jy-
lhä et al., 2011). As our buildings are becoming 
more air-tight and insulated, the effects of internal 
heat gains and solar radiation are playing a big-
ger role in determining the energy consumption, 
specifically the cooling demand of a building, and 
it should therefore be considered if more precise 
results are wanted (Airaksinen et al., 2015).

In Finland, both HDD/CDD and dynamic energy 
models have been used to estimate future energy 
consumption of buildings. Heating and Cooling 
Degree Day calculations made by the Finnish Me-
teorological Institute (Pirinen et al., 2014) showed 
that biggest changes will happen to the HDD in 
winter by the end of the century, as the heating 
period will shorten by 2—6 weeks and wintertime 
HDD will decrease by 20%—40%, depending on 
the emission scenario. The results also showed 
an increase in CDD, although quite small in all 
other scenarios except the worst-case emission 
scenario, where CDD were 5—6 times the current 
number in south-east Finland. Overall, CDD were 
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still significantly lower than HDD by the end of the 
century. (Pirinen et al., 2014.) Giving a more accu-
rate estimation of cooling demand, another study 
on energy consumption was carried out by the 
Finnish Meteorological Institute (Jylhä et al., 2011) 
by using the IDA ICE energy simulation program. 
Assuming a rise in temperature of 1.2°C—1.5°C by 
2030 from average temperatures in 1980—2009, 
mean monthly and annual energy consumption 
of two types of buildings (a detached house and 
a five-storey office building) were calculated. Ba-
sed on the simulations, the overall energy con-
sumption of the buildings decreased by 4%–7%, 
while showing an increase of space cooling by 
17%—19% for the detached house and 13%—15% 
for the office building. (Jylhä et al., 2011). Also 
showing a significant increase in cooling demand, 
a study simulating energy consumption of a de-
tached house in Vantaa found that by 2100, coo-
ling demand would increase by 40%—80%, based 
on the emission scenario (Jylhä et al., 2015). All 
of the studies discussed above assumed that the 
buildings would be mechanically cooled, and did 
not consider the use of passive mitigation strate-
gies that could have reduced the cooling need. 
Most homes in Finland do not currently have me-
chanical cooling, and large investments would 
most likely be needed to be able to equip all ho-
mes with necessary technical equipment.

As cooling demand is expected to increase, sour-
ces of cooling energy should also be considered. 
In the Helsinki region, district cooling is being 
developed and approximately 400 buildings are 
currently connected to the system. District cooling 
uses renewable energy, however investment costs 
can be high. In rural areas though, district cooling 
is not an option for most people and they will have 
to rely on electricity driven cooling systems that 
can be expensive to use and lead to socio-eco-
nomic issues, which are discussed further in sec-
tion 3.3. (Zero Carbon Hub, 2016). Focus should 
therefore be placed on solutions to lower cooling 
needs, as different interventions such as addition 

of solar protection and improvement of house-
hold technical equipment, have shown to be suc-
cessful at halving or even completely removing 
cooling need from typical residential buildings in 
the Nordic climate (Airaksinen et al., 2015; Tettey 
et al., 2016). 

3.3 ENERGY POVERTY

Energy poverty (EP) is a term used to describe the 
inability of a household to pay necessary heating, 
cooling and electricity bills and fuel for transport. 
Energy costs can constitute a large part of all li-
ving costs and people in difficult financial situa-
tions might find it hard to cope with high energy 
costs. (Oja et al., 2013.) Energy poverty can be di-
vided into domestic and transport energy pover-
ty. Domestic energy poverty is caused by energy 
inefficient households, high energy prices and 
low-income levels, whereas transportation energy 
poverty is caused by high fuel costs, unavailabili-
ty of public transport and low income. Suffering 
from energy poverty can have large implications 
on quality of life, as it can lead to health compli-
cations, social isolation, trade-offs with other basic 
needs or even mortality. (OpenExp, 2019.) 

Energy poverty is relatively low in Finland, as only 
1.8% of the population was considered to suffer 
from energy poverty in 2011, while the average in 
Europe was 9.8% (Oja et al., 2013). The reason for 
low energy poverty numbers in Finland is its effec-
tive social system which includes housing benefits 
(asumistuki) and income support (toimeentulotu-
ki). These financial subsidies help most vulnerab-
le households with the energy bill payments (Oja 
et al., 2013). Finnish laws also protect vulnerable 
people if they are unable to pay their energy bills 
on time. For instance, if the inability to pay bills 
is caused by loss of work, sickness, or other spe-
cial situation, electricity cannot be switched off 

until two months after the due date. Additionally, 
between October and April electricity cannot be 
switched off at all, if the house depends on elect-
ricity for heating (Oja et al., 2013). Although only 
a small amount of Finnish people fall under the 
definition of energy poverty, a larger group are 
at risk of energy poverty and might already be 
suffering from EP related symptoms like thermal 
discomfort. For example, 12.2% of the Finnish 
population were considered to live in low-inco-
me 4households  in 2017, up from 7.2% in 1995. 
Additionally, 16.4% of the population were con-
sidered at risk of poverty or social exclusion in 
2017. (Official Statistics Finland, 2020b.) Although 
not currently considered an issue in Finland, the 
amount of people at risk of energy poverty com-
bined with rising electricity consumption and cost 
(Official Statistics Finland, 2018, 2019b), might 
cause bigger energy poverty issues in the future. 
Financially unstable households are also more li-
kely to live in energy inefficient buildings and they 
might also be incapable of investing in building 
improvements which could lead to energy savings 
(Oja et al., 2013).

People living in rural areas face the highest risks of 
energy poverty, as most of them live in detached 
houses which usually have bigger surface areas 
compared to apartments in cities. Larger surface 
area and reliance on expensive heating methods 

4 A household is considered low income if their income is under 60% of the median income level in Finland.

such as electricity and oil are more common in ru-
ral parts of the country, which can increase energy 
costs. (Oja et al., 2013.) However, in the case of 
households at risk of overheating, it could be ar-
gued that people in cities are more vulnerable 
due to the effects of UHI and the lack of mecha-
nical cooling systems in most apartments. A stu-
dy on energy poverty in Madrid and London also 
found that energy poverty should also include 
summer vulnerability to heat and not just in winter. 
(Sanchez-Guevara et al., 2019). Additionally, a UK 
study found that vulnerable people (age, income, 
health) were not able to adapt as well as others to 
heat extremes, as they did not have the minimum 
funds, strength or knowledge to take action, for 
instance, by adding insulation, shutters or air-con-
ditioning systems to their homes, or changing 
daily patterns to avoid hot areas (Lomas & Porritt, 
2017). 

As stated in section 3.2., cooling demand can 
significantly be reduced by including appropri-
ate design measures, and should especially be 
utilized to protect most vulnerable groups. The 
risks of growing energy poverty can be reduced 
by ensuring energy efficient and overheating pro-
tected homes for everyone through policy and re-
gulation, and guaranteeing the minimum need of 
energy by law (Oja et al., 2013).
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AND WELLBEING IN A 
CHANGING CLIMATE
Excessive exposure to heat can have multiple 
health impacts ranging from thermal discomfort 
(CIBSE, 2013) to increased morbidity and even 
mortality (McGregor et al., 2015). Finnish people 
spend on average 70% of their time at home, 
which increases to up to 87% for people over 
65 (Eurostat, 2004). As the majority of our time is 
spent at home, our health and wellbeing can wi-
dely be determined by the quality of our indoor 
environments and should therefore be carefully 
considered while designing and retrofitting ho-
mes. Especially vulnerable people, who spend al-
most all of their time inside and may not have the 
opportunity to easily go out, should be protected 
by their homes from external risks like excessive 
heat. Our homes have the opportunity to keep 
us healthy and productive, if appropriate design 
measures are considered.  

Adverse effects from heat can increase or decrea-
se depending on a person’s age, gender, health 
condition, professional field, education level, 
acclimatization, and socio-economic status (Mc-
Gregor et al., 2015; Näyhä et al., 2016; Parsons, 
2009). These vulnerability factors can be due to 
physiological or behavioural restrictions, i.e. the 
body’s weakened ability to thermoregulate or 
lack of knowledge and ability to adapt to heat. 
Death and illness caused by exposure to excessi-
ve heat are most commonly due to worsening of 
existing conditions such as respiratory illnesses, 
cardiovascular diseases and mental disorders 
(Kollanus & Lanki, 2014). However, they can also 
be caused directly due to elevated body core 
temperature, i.e. heatstroke and other heat stress 

symptoms (McGregor et al., 2015), related to a 
person’s thermal comfort (see  section 4.1.).

4.1 THERMAL COMFORT 

Thermal comfort is defined by the International 
Organization for Standardization (ISO) as “that 
condition of mind which expresses satisfaction 
with the thermal environment” (ISO, as cited in Ta-
leghani et al., 2013). It is a subjective experience 
that can vary greatly from person to person, ma-
king it difficult to predict or calculate (Taleghani 
et al., 2013). Thermal comfort is not only dictated 
by air temperature, but also humidity, air flow/
velocity, radiant temperature, metabolic rate, clo-
thing and activity level (Shorthouse, 2015; Asu-
misterveysohje, 2003). 

Acclimatization, i.e. adaptation to excessive heat 
exposure, can greatly improve thermal comfort in 
certain temperatures, as heat strain on the body 
is minimized both physiologically and behaviou-
rally. Physiological acclimatization can happen as 
fast as within three days. However behavioural 
adaption often takes much longer, as it is con-
nected to culture. Particularly sudden heat stress 
i.e. heatwaves can therefore affect our health and 
thermal comfort in negative ways, specifically in 
colder climates where people are not acclima-
tized to hot weather. Behavioural acclimatization 
can be a very effective way of improving thermal 
comfort by e.g. drinking enough water, staying 
out of the sun, limiting physical activity, resting 
and taking breaks. (Parsons, 2009.)

In addition to general discomfort and health 
problems, it has been shown that lack of thermal 
comfort leads to weakened productivity (Lan et 
al., 2011), which can be seen as an important fac-
tor considering that remote work from home is 
becoming more common. Thermal comfort has 

also been shown to be highly correlated with 
sleep quality (Azmoon et al., 2013), which is espe-
cially important when considering homes and the 
reason why the Chartered Institution of Building 
Services Engineers (CIBSE) has set overheating 
thresholds that are lower in bedrooms (26°C) 
than other living spaces (28°C) (CIBSE, as cited in 
Porritt et al., 2012) 

A number of surveys and studies show a signifi-
cant dissatisfaction in summer indoor temperatu-
re in Finland:
Two national surveys on housing health and sa-
fety were conducted in 2007 and 2011. The res-
ponse rates for the surveys were between 30%—
40%, 1312 responses in 2007 and 884 in 2011. 
A study comparing the results from both surveys 
found that the biggest difference in responses 
was in summer thermal comfort. People reporting 
too hot summer indoor temperatures increased 
16.0%, from 28.7% in 2007 to 44.9% in 2011 (see 
Figure 12). (Anttila et al., 2013.) According to the 
Finnish Meteorological Institute, the summer of 
2007 had 37 “hot days” (>25°C), while 2011 had 
46 hot days (Ilmatieteen laitos, n.d.). Although 

the difference in the amount of hot days is not 
large, (only 9 days), dissatisfaction in indoor tem-
peratures increased significantly, suggesting that 
Finns might not be used to temperatures over 25 
°C and might not have the tools to keep cool in 
hotter weather. Rates for winter thermal comfort 
were significantly higher as reports of too cold in-
door temperatures were only approximately 9% 
both years. The surveys also showed that 25% of 
households have mechanical ventilation and that 
70.1% in 2007 and 74.1% in 2011 of households 
ventilate by opening windows daily or almost dai-
ly all year (Anttila et al., 2013.) The higher rates of 
satisfaction in winter also indicate that with a his-
tory and culture of a cooler climate, buildings and 
people are more suited and prepared for winter 
conditions compared to summer.

In EU SILC surveys of 2007 and 2012, 20.3% and 
25.2% of the Finnish population reported their 
dwellings not to be comfortably cool in sum-
mer. The results are surprising compared to ot-
her Nordic countries, e.g. Sweden’s respective 
percentages were 11.1% & 7.6%. Finland’s ”not 
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Figure 12: Percentage of survey respondents who found their dwellings to be too hot during the summers of 2007 and 2011.  
(Data from: Anttila et al., 2013)
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comfortably cool” percentage is similar to the Eu-
ropean average, despite being one of the coolest 
climates in Europe and having relatively high air 
conditioning compared to the European avera-
ge (19.2% vs. 10.8%), although data on air con-
ditioning units is marked as unreliable/uncertain. 
(Eurostat, n.d.; Thomson et al., 2019.) The results 
of relatively high dissatisfaction in summer in-
door temperatures compared to other countries 
may again be explained by some cultural factors, 
but compared to Sweden, which reported bet-
ter summer comfort, the Finnish building stock 
might be especially vulnerable to overheating.

A study analyzing the data from the national sur-
vey of 2007 on housing and health found that 
thermal comfort levels were not evenly distribut-
ed across the whole population. People living in 
city centers reported less satisfaction in indoor 
summer temperatures than those living in rural 
areas, as summer thermal discomfort was re-
ported 42% of the time for urban areas and only 
15.6% for rural. Also, building type had a large in-
fluence on the amount of discomfort, as people 
living in apartments vs houses reported discom-
fort 41.9% vs 22.2% of the time respectively. (Pek-
konen & Haverinen-Shaughnessy, 2015.) These 
statistics support each other, as people in city 
centers tend to live in apartments and people in 
rural areas mostly live in detached houses. The 
study also found that people living in a rented 
dwelling are more often dissatisfied with summer 
thermal comfort (43%) compared to people who 
own their homes (24.3%) (Pekkonen % Haveri-
nen-Shaughnessy, 2015). Supporting this finding, 
another Finnish study found similar results, i.e. 
that people in rental apartments would more of-
ten report too warm summer temperature condi-
tions than people in owner occupied apartments: 
46.2 % in rental flat/housing, 41.2% in rental/
tenement building association versus 38.5% in 
owner occupied housing. Measurement data was 
also collected, which found that although reports 
of discomfort varied, actual measured tempera-

tures were similar. (Pekkonen et al., 2015.) These 
results indicate that not only temperature dictates 
thermal comfort, but also socio-economic status 
and possibly other (as yet) unknown variables. 

4.2 HEAT STRESS

Heat stress occurs when the body is no longer 
able to remain at a comfortable temperature, be-
cause of environmental and physiological strain. 
The severity of heat stress is determined by acti-
vity level, clothing, air temperature, radiant tem-
perature, humidity and air velocity. Symptoms of 
heat stress vary from light symptoms, like swea-
ting and dehydration, all the way to heat exhaus-
tion and heat stroke, which can lead to death (see 
Figure 13). Some of the more severe symptoms 
start to arise when the body’s thermoregulation is 
no longer able to stop the body temperature from 
rising. (Parsons, 2009.) Other possible symptoms 
of heat stress include cramps, fainting and disea-
se exacerbations (Lowe et al., 2011). 

Heat disorders can occur due to several reasons. 
Factors like dehydration and lack of acclimatiza-
tion can predispose a person to heat stress, as 
well as lack of knowledge on the dangers of heat 
and therefore prevention measures, either by the 
individual or supervising authority. Additionally, 
unexpected circumstances, e.g. heat waves, that 
cause exposure to very high heat can also, in 
combination with above mentioned factors or by 
itself, be the cause of heat disorders. (Leitheard 
& Lind, as cited in Parsons, 2009.) Unexpected 
weather events as well as lack of acclimatization 
are factors that cannot be controlled, however 
knowledge on heat dangers and ways to protect 
oneself can be improved. 

4.2 MORTALITY
Heat can cause mortality through worsening of 
existing conditions or directly through heat stro-
ke (McGregor et al., 2015). Heat waves especially 
have shown to be most impactful in terms of mor-
tality, as between the years 1970—2012, extreme 
heat waves in Europe caused 94% of all natural 
disaster related deaths (World Meteorological 
Organization, 2014, p.30). During the heat wave 
of 2003 alone, an estimated 70 000 additional 
deaths across Europe were recorded (Robine 
et al., 2008). A Finnish study on mortality during 
two major heatwaves of 2003 and 2010 found 

that non-accidental deaths in over 75-year olds 
increased significantly during the heatwaves by 
14-21%. The risk of mortality also increased in 
people with respiratory illnesses, cardiovascular 
diseases, mental disorders and nervous system 
disorders. (Kollanus & Lanki, 2014.)

Several studies have found that people living 
in cooler climates are more susceptible to hot 
temperatures, and start to suffer adverse effects 
at lower temperatures than people living in war-
mer climates (de’ Donato et al., 2015; Guo et al., 
2012; Keatinge et al., 2000). The effect is most 
likely due to lack of acclimatization, but also cul-
tural factors, lack of systematic action plans and 

Figure 13:  Symptoms of heat stress. (Belding, as cited in Parsons, 2009).
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suitable building design can play a large role. 
Finland, with it’s cool climate is therefore part of 
the vulnerable group of countries that should be 
preparing for extreme heat although it is still to-
day a relatively rare occurrence. Lowest mortality 
rates, including all causes of mortality, in Finland 
occur when mean daily temperature is approxi-
mately between 12-17°C (Keatinge et al., 2000; 
Näyhä, 2007; Ruuhela et al., 2018), which is quite 
low compared to warmer climates, e.g. in Athens 
the respective temperature is between 23-26°C 
(Keatinge et al., 2000). In a study comparing 15 
different European cities and their mortality rates 
compared with extreme heat during the years 
1990-2000, mortality in Helsinki was found to 
increase 3.72% per increased degree, when the 
highest apparent daily temperature  exceeded 
23.6 °C (Baccini et al., 2008). The percentage is 
relatively high compared to the average of the 
north-continental cities (Prague, Budapest, Zu-
rich, Paris, Helsinki, Stockholm, London, and Dub-
lin), which was 1.84% with the threshold tempera-
ture of 23.3°C. 

A Finnish study found that, even though absolu-
te mortality due to cold extremes is higher than 
due to hot extremes, relative mortality, defined as 
deviation from expected seasonal mortality, was 
higher in hot extremes (Ruuhela et al., 2017). The 
study highlights the health impact of hot tempe-
rature extremes even in cooler climates like Fin-
land. A limitation of the study is that they did not 
differentiate the types of deaths (natural or acci-
dental), which might distort the results as people 
tend to be more active and susceptible to acci-
dents on hotter days.

4.3 RISK GROUPS TO   
 OVERHEATING

Vulnerability factors that make one more suscep-
tible to health impacts from heat include; 1. Phy-
siological factors, like age, sex, and health status, 
2. Behavioural factors, such as behavioural accli-
matization and adaption potential, 3. Socioeco-
nomic factors, like type of dwelling one lives in, 
energy poverty, field of work etc. (McGregor et 
al., 2015).

Groups with elevated health risk due to physio-
logical reasons in hot weather extremes include 
small children, the elderly and people with long-
term illnesses (Räsänen et al. 2019). Small child-
ren have a lower ability to regulate their body 
temperature and suffer from dehydration more 
easily (Lomas and Porritt, 2017). Elderly people 
also have a lower ability to regulate their body 
temperature and have a higher likelihood to have 
chronic diseases. Respiratory illness and cardio-
vascular diseases, as well as all diseases affecting 
body temperature regulation or ability to protect 
oneself from heat, also make a person more vul-
nerable to the risks of overheating. (Kollanus & 
Lanki, 2014.)

As mentioned in 4.3 Mortality, studies have sho-
wn that populations living in colder climates are 
more vulnerable to heat related issues than those 
from warmer climates, as people are not physio-
logically or behaviourally acclimatized to hot tem-
peratures (Guo et al. 2012; Keatinge et al. 2000). 
These studies are supported by the findings from 
a Finnish survey that noted higher levels of heat 
related cardio-respiratory symptoms in northern 
than in southern Finland. The survey also found 
that heavy alcohol consumption and being a wi-
dow were factors adding to vulnerability to heat 
(Näyhä et al., 2016). Behavioural adaptions can 

have large impacts on indoor temperatures in 
homes (Thomson et al., 2019) and health impacts 
of heat (Parsons, 2009). 

Socioeconomic factors can increase a person’s 
vulnerability to heat in many ways. In the Finnish 
survey mentioned above, it was found that lower 
levels of education, as well as working hard phy-
sical labour were associated with higher vulne-
rability to heat hazards (Näyhä et al., 2016). Also 
living conditions and type of dwelling can increa-
se overheating and therefore also health impacts. 
Small, single aspect apartments are at higher risk 
of overheating, and are often associated with lo-
wer socio-economic status. Also, in a study com-
paring housing satisfaction depending on tenure 
status it was found that more of the people ren-
ting would report too warm temperature condi-
tions in summer, although measured conditions 
were similar (Pekkonen et al., 2015). This can be 
due to the fact that people living in rental apart-
ments might not have the opportunity to make 
changes to their apartments that could make li-
ving conditions better. 

Out of all age groups, over 75-year olds are at the 
highest risk of suffering health implications due 
to increase in heat. Older people are more often 
part of several different vulnerability groups (old 
age, chronic disease, low socio-economic status), 
which make them extremely vulnerable. In Fin-
land, the heat waves of 2003 and 2010 increased 
the mortality of this group by approximately 21% 
(Kollanus & Lanki, 2014). A factor adding to the 
vulnerability of the above risk group is the fact 
that vulnerable people have shown to be bad 
at recognizing themselves as vulnerable to heat 
hazards (Abrahamson et al., 2008), despite being 
able to list what factors might make one vulnerab-
le. As the age of the population is steadily increa-
sing (see figure 14), the elderly are living alone at 
home more often and heat waves are becoming 
a more common occurrence, health impacts of 
excessive heat will most likely increase in the fu-
ture (Pilli-Sihvola et al., 2018). Vulnerable groups 
should be protected, and sufficient design of 
healthy homes is a good place to start. 
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Figure 14:  Age structure of the Finnish population. (Data from Statistics 
Finland, 2020b)
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PART III 
SOLUTIONS FOR OVERHEATING

In this section, different levels of action and solu-
tions against overheating in buildings are discus-
sed. Solutions for overheating start from more 
general institutional action as policies and regu-
lations set standards for how climate change will 
be tackled and how buildings should perform. 
In the end, designers and planners can with their 
choices reduce overheating risk in buildings with 
the help of passive mitigation strategies. 

INSTITUTIONAL
ACTION
With the help of institutional action climate chan-
ge and its effects can be mitigated. The two main 
ways of reducing risks associated with clima-
te change and overheating are mitigation and 
adaption. Mitigation is currently the main focus in 
Finnish politics, however adaption should also be 
focused on, as mitigation without adaption can 
be damaging to vulnerable populations, as dis-
cussed in previous sections.

Mitigation strategies include the development 
of climate change policy to reduce overall car-
bon emissions and improving energy efficiency. 
In the building sector, this translates to building 
regulations that reduce energy consumption by 
the improvement of energy efficiency. Also, regu-
lations making renewable energy sources more 
favorable can reduce carbon emissions in the 
building sector.

Adaptation measures include preparing for 
events that can no longer be mitigated. As dis-
cussed in earlier chapters, some climate change 
effects like global temperature rise, will most like-
ly happen to some degree whether we are able 

to mitigate climate change or not. Heatwave war-
ning systems and action plans can help reduce 
the risks associated with heat waves, as the public 
and health care branch could prepare and adapt 
behavior in advance (McGregor et al., 2015). 
Adapting our buildings to suit a warmer climate in 
conjunction with energy efficiency improvements 
can reduce possible health risks and energy con-
sumption increase related to overheating.

Education of the public is a large part of both 
mitigation and adaption, as it is recognized that 
consumers will play an increasing role in reach-
ing emission reduction targets, and adapting to 
extreme heat is largely up to individual behavior 
(Andersen et al., 2008; Blight and Coley, 2013). 
Further research is still needed for us to be able 
to estimate future challenges and how we might 
work to best mitigate them. 

5.1 CLIMATE 
 CHANGE POLICY
Finnish climate change policy is internationally 
guided by the United Nations Framework Con-
vention on Climate Change (UNFCCC), the Kyoto 
Protocol and the Paris Agreement. The European 
Union also sets its own policy objectives that Fin-
land follows (e.g. Ministry of the Environment, 
n.d.).

On a national level, the Climate Change Act 
(609/2015) sets long term emission reduction 
goals, while the National Energy and Climate stra-
tegy and the Medium Term Climate Policy Plan 
outline specific actions and goals for 2030. Some 
of the main goals for 2030 include; reduction of 
greenhouse gas emissions in the non-emissions 
trading sector  by 39%, phasing out the use of 
coal for energy, increasing the use of biofuels in 
transport by 30%, and increasing the share of re-
newable energy to 50%. According to Sanna Ma-
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rin’s 2019 Government Programme, Finland will 
be carbon neutral in 2035, and to achieve it, the 
emission reduction goals for 2030 will have to be 
tightened. Therefore, the Medium Term Climate 
Policy Plan will be updated under Sanna Marin’s 
Government. (Ministry of the Environment, n.d..)

The current plans for the building sector include 
phasing out fossil fuel oil for heating and impro-
ving energy efficiency of the old and new buil-
ding stock. Oil heating will no longer be used in 
government buildings in 2025, and other buil-
dings using oil heating will be obligated to use a 
10% share of biofuels in 2028. The goal is to no 
longer use fossil fuel for heating in any buildin-
gs by 2050. The measures of phasing out fossil 
fuel for heating may cause an increased risk of 
energy poverty for vulnerable households as in-
vestments in changing heating method may be 
expensive. The Finnish Building code on energy 
efficiency (previously D3, 2012) was updated in 
2017 to fit the new requirements for nearly-zero 
energy buildings set by FinZEB (more in 5.2 Buil-
ding regulations). The National Energy Efficiency 
Action Plan (NEEAP-4) includes more detailed 
plans for refurbishment and improvement of 
the current building stock, as a large part of the 
older building stock is not very energy efficient 
(see figures 15 and 16). The plans on refurbish-
ment however focus mainly on improving energy 
performance by reducing heat loss through the 
building fabric to reduce heating needs, and do 
not mention reduction of cooling needs through 
passive measures. Further developments of the 
energy efficiency plan could also include the use 
of passive measures for temperature control, as 
studies have shown that cooling need will inc-
rease in the future (Jylhä et al., 2011; Pirinen et 
al., 2014), and vulnerable households may not 
be able to make such updates themselves. Stu-
dies have also found that when older buildings 
are refurbished to meet better energy efficiency 
standards overheating can increase (Ibrahim & 
Pelsmakers, 2018; Taylor et al., 2018). Therefore, 

passive mitigation strategies should be included 
in energy efficiency refurbishment plans in the fu-
ture.

Finland has also created a national adaptation 
plan which focuses on the different ways we will 
have to adapt to climate change as some chan-
ges to our environment are inevitable. The plan 
acknowledges that more frequent heatwaves 
may cause an increase in heat related issues, ho-
wever, no clear measures are detailed in the plan. 
(Ministry of Agriculture and Forestry, 2014.) 

5.2 BUILDING 
 REGULATIONS
Finnish building regulations are updated based 
on national energy efficiency and emission reduc-
tion targets and goals set by the European Energy 
Performance of buildings Directive (EPBD). The 
EPBD has required all new public buildings to 
be nearly Zero Energy Buildings (nZEB) since 
31.12.2018, and all new residential buildings to 
fulfill the same goals after 2020. What a nZEB 
specifically is, is defined by each member state, 
but generally nZEB is a very energy efficient buil-
ding which gets most of its energy from renewab-
le sources. In Finland nZEB has been defined by 
FinZEB, and energy efficiency requirements for 
each building type have been updated accor-
dingly in the 1010/2017 Decree of the Ministry of 
the Environment on the Energy Performance of 
New Buildings, previously named D3. 

The 1010/2017 decree sets out U-value and E-va-
lue requirements for all new buildings as well as 
requirements on summer indoor temperatures. 
The requirements on U-values have become stric-
ter throughout the years, and are currently set to 
the standard of nZEB (see figure 16). The E-value, 
which represents the overall energy consump-
tion of a building, includes energy for heating, 

cooling, ventilation, domestic hot water, lighting, 
system auxiliary units and consumer equipment. 
E-value limits set by the decree for residential 
buildings can be seen in table 1. 

5.2.1.  SUMMERTIME   
    TEMPERATURES
In category 2 buildings (Blocks of flats with resi-
dential storeys on at least three storeys), calculat-
ed summertime temperatures are not allowed to 

exceed the cooling limit of +27°C by more than 
150 degree hours between June and August. Ho-
wever, no calculated temperature limits are set 
for category 1 buildings (Small residential buil-
dings). Degree hours are the amount of hours  
overheating occurs multiplied with the amount of 
degrees the temperature is over the given limit  
for each hour.  The requirements on calculated 
summertime temperatures have mainly not chan-
ged since the previous building code on energy 
efficiency (D3, 2012) and the guide on making the 
calculations is therefore still under the D3 name. 
Calculations must be made with a dynamic calcu-

Figure 16:  U-value requirements for new buildings set by the 1010/2017 Decree of the Ministry 
of the Environment on the Energy Performance of New Buildings

Table 1:   E-value limits for new residential buildings set by the 1010/2017 Decree of the Mi-
nistry of the Environment on the Energy Performance of New Buildings

Intended use category

Category 1) Small residental buildings:
a) Detached houses and link-detachs houses wit net heated area (Anet) of 50-
150m2

b) Detached houses and link-detachs houses wit net heated area (Anet) excee-
ding 150m2 but not exceeding 600m2

c) Detached houses and link-detachs houses wit net heated area (Anet) excee-
ding 600m2

d) Terraced houses and blocks of flats with residental storeys on a maximum of 
two storeys
Category 2) Blocks of flats with residental storeys on at least three storeys

Limit for E-value
kWh/(m2a)

200-0.6 Anet

116-0.04 Anet

92

105

90

1976

0,0

0,5

1,0

1,5

2,0

U-value

1978 2017

Windows

Doors

Floor

Walls

Roof

Year1985 2003 2007 20122010

0,9

0,17

0,9

0,09

0,16
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lation tool, and values for internal gains are set to 
a “standard use” defined by the decree. Helsinki 
Test Reference Year 2012 climate data is used for 
all calculations, regardless of where the building 
is located. For the summertime temperature cal-
culations, mechanical ventilation can be intensi-
fied 30% from normal use, and shading devices 
like blinds can be assumed to be always closed 
at a 45° angle. However, natural ventilation by 
opening of windows is not accepted as an over-
heating mitigation strategy in the calculations.

Energy efficiency requirements for buildings that 
are renovated/retrofitted are set by the 4/2013 
Decree of the Ministry of the Environment on 
Improving the Energy Efficiency of Buildings in 
Conjunction with Repair and Modification Works. 
According to the decree, if the building use does 
not change, and it can be proven that internal 
conditions will not worsen due to the repairs or 
changes, calculations for indoor summer tempe-
rature do not have to be made.

5.3 HEATWAVE 
WARNING SYSTEMS AND 
ACTION PLANS 
The World Health Organization /Europe (WHO) 
recognizes the risks of heatwaves and recom-
mends all European countries to develop heat-
health action plans and warning systems, as to 
better contain and prevent the risks related to 
heatwaves (WHO, n.d.). WHO has together with 
the World Meteorological Organization develo-
ped a comprehensive guide on warning system 
development (McGregor et al. 2015). After the 
devastating heatwave of 2003, many countries 
developed heatwave warning system and action 
plans, which have shown to be effective at redu-
cing the risks related to heat waves (de’ Donato 
et al., 2015; Lowe et al., 2011). In Finland, we do 
not currently have a warning system in place that 

leads to systematic action within the heath care 
branch. However, the Finnish Meteorological Ins-
titute (Ilmatieteenlaitos, 2019) issues warnings for 
the general population for extreme heat as follo-
ws: 

• Uncomfortable heat – daily maximum   
and minimum temperatures are +27°C    
and +14°C respectively 
• Very uncomfortable heat – daily maximum and 
minimum temperatures are +30°C and +18°C 
respectively
• Extremely uncomfortable heat – daily maxi-
mum and minimum temperatures are +35°C and 
+20°C respectively. 

The warnings are issued so that the public can 
prepare for the extreme temperatures. Howe-
ver, as heatwaves have shown to become a more 
common occurrence, and estimates for the future 
that they will become more severe, a heatwave 
warning system and action plan should be de-
veloped in Finland to minimize health effects of 
heatwaves.

5.4 EDUCATION OF THE   
 PUBLIC
Occupant behavior can have large impacts on 
how much a specific building or apartment over-
heats, and therefore also on how severe the con-
sequences of heat are. If an occupant is active 
and able to respond correctly to hot temperatu-
res, internal room temperatures can stay at com-
fortable levels (O’Brien and Bennet, 2016; Lomas 
and Porritt, 2017). Educating the public on best 
ways to mitigate heat in homes may be especial-
ly important in countries like Finland where the 
population is not culturally acclimatized to hot 
temperatures.
The Finnish Institute for Health and Welfare (THL, 
n.d.) lists the following steps as ways to mitigate 
the health impacts of heatwaves:

Keeping it cool 
inside

Avoid hot spaces 
and direct sun-
light

Drink enough 
and eat light

Keep your body 
cool

Remember to 
care for others

• Close windows 
during day time 
when temperatures 
are high

• Spend time in the 
coolest part of the 
apartment

• Remember to 
drink water all day 
long

• Wear light, loose 
clothes made from 
natural fibres. Prote-
ct yourself from sun 
with hat, sunglasses 
and long sleeved 
clothes.

• Keep in contact 
with relatives, 
neighbours and 
friends living alone. 
Especially elderly, 
people with long-
term illnesses or 
other impairments 
might need help.

• Close drapes or 
venetian blinds on 
sunny side window

• If apartment is 
too hot, spend 
some time in a 
cool place eg. a 
public ventilated 
building

• Drinking needs 
vary by person, 
1-1,5litres should 
be enough but 
should be increa-
sed during heat 
waves

• Cool your body 
with cool showers, 
damp clothes or 
cold wraps

• Take care of 
children, as they 
may not realize to 
protect themselves 
from heat. Small 
childen also suffer 
dehydration more 
easily

• Open windows 
during night time 
for natural ventila-
tion

• Avoid going out-
side during hottest 
hours, stay in the 
shade.

• Feeling of thirst, 
dry mouth and 
darker coloured uri-
ne are all signs of 
dehydration

• Switch duvet and 
sheets to ones 
made from light 
natural fibres

• People with long 
term illnesses 
or carers should 
monitor symptoms. 
Contact a doctor if 
any symptoms get 
worse.

• Use air-condi-
tioning if neces-
sary, remember 
to keep windows 
and doors closed

• Avoid heavy 
physical activity

• Avoid alcohol 
and caffeine

• Check medi-
cines and their 
recommended 
temperatures for 
storing
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As discussed in previous chapters, due to issues 
like rise in energy consumption and energy po-
verty, passive strategies should be favoured when 
designing solutions to mitigate overheating in 
buildings. Only in cases where passive strategies 
are not effective enough on their own, should ac-
tive measures be considered. However, even in 
cases where active cooling is used, passive soluti-
ons can help reduce energy need.

The main benefit of passive design solutions 
is obviously that they do not actively consume 
energy, however they can still increase overall 
energy use of a building, and should therefore 
always be evaluated case by case. For example, 
passive overheating mitigation strategies can in-
crease heating need in winter and the electricity 
used for lighting, although the benefits of redu-
cing cooling need can in most cases outweigh 
the increases ref.

Passive solutions studied in the next chapters are 
divided into two categories based on their func-
tions;

• Limiting heat gains 
• Passive heat rejection. 

Solutions which limit heat gains attempt to block 
heat from ever entering the building, while heat 
rejection solutions help remove or reduce heat 
from indoors.

Each solution is given a classification based on 
price range (low/medium/high), optimal stage 
of intervention (design/retrofit stage), and level 
of activity required from occupant (low/medium 
high) as seen in Figure 17.

6.1   LIMITING 
  HEAT GAINS

6.1.1 BUILDING FORM

Building form can impact a building’s energy 
efficiency and overheating risk through shape, 
compactness and height. Building form can also 
impact other design solutions, such as internal 
layout, possibility of natural ventilation, room pro-
portions etc. which in turn can increase or decrea-
se overheating risk. 

The depth of a building can dictate weather or 
not cross ventilation is possible, which can signifi-
cantly reduce overheating risk (more in 6.2.2. Na-
tural ventilation). Contradictorily, a more compact 
building with smaller surface area to volume ratio 
will have less heat gain & loss through the fab-
ric and therefore possibly less overheating risk 
(Zero Carbon Hub, 2016). Finnish highly insulated 
buildings have low heat loss and gain anyway, so 
the impacts of compactness may be only margi-
nal and outweighed by the possibilities of cross 
ventilation. Additionally, if much solar radiation is 
able to enter the building, the compactness of a 
building can actually have the opposite reaction 
as heat from solar radiation is trapped inside. 

High density building is leading to higher rise 
buildings, which have shown to overheat more 
than lower rise buildings, as no natural shading 
is available from surrounding trees and buildings 
(Thomson et al., 2019). Lower rise buildings sur-
rounded by trees and other buildings are there-
fore favoured if overheating wants to be avoided, 

unless other mitigation strategies are used to 
reduce overheating. 

Many features of building form may be dictated 
by zoning and site restrictions and should there-
fore be considered in very early design stages. 

6.1.2 ORIENTATION

The orientation of a housing block is tightly tied 
to window orientation (see 6.1.3 Glazing area & 
orientation) as especially apartments in housing 
blocks often face only one or two directions. The-
refore, the orientation of a building affects the 
amount of solar gain a building receives during 
winter and summer. 

In Nordic counties, buildings have historically of-
ten been designed to face South, as to receive 
as much solar gain in winter as possible (Marsh, 
2017). However, solar radiation in Nordic winter is 
already very limited as days are short, and will fur-
ther only decrease according to all future predic-
tions due to increased cloudiness (Ruosteenoja 
et al., 2016). Choosing building orientation based 
on winter solar gain should therefore be conside-
red, especially as several studies have found that 
spaces or apartments facing East, South or West 
have significantly higher amounts of overheating 
than those facing North (Bournas & Haav, 2016; 
Hamdy et al., 2017; Porritt et al. 2012). The use 
of efficient solar shading can however together 
with orientation help maximize solar gain in win-
ter while minimizing it in summer (more 6.1.9. 
Solar shading). A study of a typical Norwegian 
detached house found that depending on the 
measurement threshold for overheating (PHPP or 
CIBSE adaptive comfort), both South and North 
facing bedrooms would overheat. This is because 

ei ehkä tässä, mutta aiemmin g-arvosta puhuttaessa-, voisi mainita, että nykyisin lasiratkaisuin voidaan 
saavuttaa varsin mataliakin g-arvoja kohtuullisen vähäisellä näkyvän valon läpäisyn heikkenemisellä. 

ei ehkä tässä, mutta aiemmin g-arvosta puhuttaessa-, voisi mainita, että nykyisin lasiratkaisuin voidaan 
saavuttaa varsin mataliakin g-arvoja kohtuullisen vähäisellä näkyvän valon läpäisyn heikkenemisellä. 

ei ehkä tässä, mutta aiemmin g-arvosta puhuttaessa-, voisi mainita, että nykyisin lasiratkaisuin voidaan 
saavuttaa varsin mataliakin g-arvoja kohtuullisen vähäisellä näkyvän valon läpäisyn heikkenemisellä. 
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Figure 17:  Classifications given to the passive architectural solutions based on their characteristics.
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of the long Nordic solar path in summer, which 
causes even north facing rooms to receive solar 
gain in the evening. (Tian et al., 2020.) However, 
the studied North facing room also had a window 
facing West, which might have affected the re-
sults. 

Orientation of a building can also enhance the 
possibility of natural ventilation, as winds create 
pressure differences on different sides of the buil-
ding. The possibilities are however dependent on 
the local climate and wind directions. 

6.1.3 GLAZING AREA &  
  ORIENTATION

Glazing has an important role in making any buil-
ding comfortable to live in. It allows views to be 
opened to the outside and admits natural light 
inside. Careful consideration should however be 
used when designing the size and orientation of 
glazing in a building, as poor choices can lead 
to unwanted effects like overheating in summer, 
excessive glare and dark spaces. As glazing is 
often the weakest part of the fabric in terms of 
thermal performance, it is also the building part 
that causes most heat losses and gains. In sum-
mer months, large windows facing South-West 
may be at higher risk of causing overheating as 
heat from solar radiation is able to accumulate 
inside during the hottest time of the day.  A stu-
dy evaluating possible risk factors in a variety of 
different types of buildings in four cities around 
Europe found that dwellings with South-West fa-
cing windows would more often report thermal 
discomfort in summer, particularly during the 
late afternoon and early evening (Thomson et al., 
2019). 

A study on the effect of different window proper-
ties on energy consumption in the Finnish climate 
found that larger window area resulted in increa-
sed cooling need in all orientations and locations 
(Helsinki, Jyväskylä and Sodankylä), however the 
biggest increase was found in East and West 
oriented windows in the Helsinki climate (Kaa-
salainen et al., 2020). The effects of overheating/
cooling demand increase caused by glazing area 
and orientation can however be mitigated by ot-
her design solutions, such as external shading 
and lower g-values (see 6.1.9 Solar shading and 
6.1.8 Glazing type) and should therefore be con-
sidered, as limiting window area might have ne-
gative effect on occupant satisfaction if views and 
daylighting are restricted.

6.1.4 INTERNAL    
  LAYOUT

Internal layout optimization can improve ther-
mal comfort inside a building by keeping crucial 
rooms like bedrooms cooler. Internal layout is 
however dependent on the building form and 
orientation to allow such choices to be made. By 
placing bedrooms on the North or East side of 
the building and living spaces on the South or 
West side, higher thermal comfort can be achie-
ved although internal temperatures stay the same 
(RT, 2019). If the apartment or house has several 
levels, placing bedrooms on the lower level also 
improves thermal comfort as heat rises and will 
accumulate on the higher levels (Zero Carbon 
Hub, 2016). Internal layout optimization can be 
an effective tool for bigger apartments and hou-
ses but offers limited help to small apartments, 
which may be at highest risk of overheating.

6.1.5 SHORT-WAVE 
REFLECTIVITY (ALBEDO)

The short-wave reflectivity, or albedo, of a surface 
determines how much light is reflected off the 
surface without being absorbed. Light coloured 
surfaces have higher reflectivity and darker sur-
faces absorb most of the light. High albedo of 
the building fabric has shown to have a lowering 
effect on internal temperatures and is commonly 
used in Mediterranean climates as a solution for 
overheating. Two Dutch studies found that higher 
albedo was very effective in reducing both over-
heating and cooling demand in an older low-in-
sulated house (89%—100% reduction), however 
the effect was weakened when applied to a 2012 
standard highly insulated house (27% reduction). 
Although cooling demand decreased significant-
ly in the older house, total energy consumption 
increased with 11%, due to increased heating 
need in winter. (van Hooff et al., 2015a; van Hooff 
et al., 2015b.) A UK study found similar results as 
increasing the reflectivity of a typical 19th century 
terraced house was one of the most effective so-
lutions for reducing overheating during a heatwa-
ve (Porritt et al. 2012). However, as found in the 
Dutch study, the effect was mainly due to the stu-
died building having low insulation as a starting 
point. 

High short-wave reflectivity of the building fabric 
can be an effective way of reducing overheating 
in low insulated houses, however its effect in the 
Finnish context might not be as effective as most 
buildings are relatively highly insulated and the-
refore do not absorb as much heat as low insulat-
ed buildings. A Finnish study found that changing 
the short-wave reflectivity of a building would 
only have minimal effect on internal temperatures 

(Moisio et al., 2018). Painting a building with light 
colours also has a large impact on the architectu-
ral expression and may not be suitable or wanted 
in all situations.

6.1.6 INSULATION

The effect of improved insulation on building 
overheating has been found to show contradic-
tory results depending on the study. Increasing 
insulation of a building will reduce the amount 
of heat loss and gain through the fabric. If heat 
is however able to accumulate inside a well in-
sulated building, overheating may occur, for 
example through internal gains and solar radia-
tion through glazed areas, higher insulation will 
more effectively retain the heat inside.

Some studies have found that better insulation 
can help reduce summer overheating (Haveri-
nen-Shaughnessy et al., 2018; Porritt et al., 2012; 
Thomson et al., 2019) however others have found 
that newer more highly insulated buildings are at 
higher risk of overheating (Hamdy et al., 2017; 
van Hooff et al., 2015a). A comprehensive study 
comparing 576 000 modelled cases with diffe-
ring insulation, location, occupancy profiles, buil-
ding type, thermal mass, window area, shading, 
internal gains, window opening behavior, infiltra-
tion and orientation found that adding insulation 
could both increase or decrease overheating de-
pending on the other parameters. Overall, insula-
tion only had a minor (5%) effect on overheating, 
and would only significantly increase overheating 
in cases where the building was already severely 
overheating due to poor design. In cases with low 
levels of overheating with the help of purge ven-
tilation, adding insulation would further decrease 
the amount of overheating. (Fosas et al., 2018)
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In Finland buildings are generally already highly 
insulated due to cold winters and efforts to try to 
minimize heating need. Regulations on the U-va-
lues of building parts have tightened through the 
years and some older buildings are not as well 
insulated as newer ones. Refurbishment of older 
buildings to improve energy efficiency is mainly 
focused on reducing heat loss through the fabric 
by improving the U-value of the building parts. 
In such cases, it might be worthwhile to also con-
sider implementing other passive measures in 
combination with improved insulation, to reduce 
the risk of increased overheating.

6.1.7 GREENERY/
  VEGETATION

Greenery can be used to mitigate overheating 
both on the building level and urban design sca-
le. Trees and green areas/structures offer pas-
sive cooling in the form of shade and through 

evapotranspiration as the surrounding air cools 
down (Drebs, 2011; RT, 2020; U.S. Environmental 
Protection Agency, 2008). Use of greenery is es-
pecially impactful in urban environments, where 
surroundings are often made up of impervious 
and dry surfaces which only contribute to further 
heating the air (Environmental Protection Agen-
cy, 2008). In the Finnish climate, where winters 
are still relatively cold, the natural cycle of trees 
dropping their leaves in winter and growing them 
back in summer works in our favour as most of the 
shading provided by trees is focused on summer 
months when it is most needed (RT, 2018). Using 
trees as solar shading can block on average 80% 
of summer solar radiation, while only blocking 
30% of wintertime solar radiation. Ideally, in the 
UK, trees should be located 1-1.5 times the tree 
height from the building to optimize solar sha-
ding effect and winter solar gain (see Figure 18). 
(Pelsmakers, 2015.) However in Finland, trees 
could possibly be located further away from the 
building as solar angles are lower.

On a building level, green roofs and walls can 
help in keeping a building cool, as several studi-
es have shown (van Hooff et al., 2015a; Thomson 
et al., 2019; Universidad Politécnica de Madrid, 

2015; Yoshimi & Altan, 2011). The effect is ho-
wever weaker than some other mitigation stra-
tegies (van Hooff et al., 2015a) and there can be 
issues with green structures, as they need regular 
upkeep and irrigation and can be expensive to 
build, depending on what kind. In Finland, spe-
cial attention should be paid to the choice of ve-
getation type as they must be able to survive the 
Finnish winter. Green structures do not only offer 
cooling but also have several other benefits such 
as; protecting biodiversity, increase in human 
wellbeing, noise buffering and cleaner air. 

6.1.8 GLAZING TYPE

Glazing type properties that impact internal tem-
peratures are U-value and g-value. U-value deter-
mines the amount of heat transmission through 
the window, and is expressed a value of W/m2K. 
The lower the value, the better the window is able 
to resist heat transfer. The importance of U-value 
of a window is highlighted in winter, when heat 
loss through windows can be significant. G-va-
lue however, is more crucial when considering 
summer internal temperatures and unwanted 
solar gain, as it determines the amount of so-
lar transmittance through the glazing. G-values 
range from 0 to 1, where 0 represents no solar 
transmittance and 1 full transmittance of all solar 
radiation. A lower g-value can therefore reduce 
overheating risk but can also limit the amount of 
natural light reaching a space. Outside of Europe, 
solar heat gain coefficient is used instead of g-va-
lue as a measure for solar transmittance of a win-
dow.

Several Finnish studies have shown that a lower 
g-value can drastically reduce overheating/coo-
ling need (Kaasalainen et al., 2020; Lylykangas et 

al., 2015; Vesterinen, 2012). The effectiveness of 
the g-value in the Finnish context may be due to 
the fact that is able to reject solar transmittance 
from all solar angles, as opposed to e.g. fixed ex-
ternal shading which is mostly effective towards 
high solar angles. A concern of lowering g-value 
is that it is a fixed measure that is not adaptable, 
and will reject solar radiation even in winter when 
it might be beneficial, and reduces daylighting. 
Today’s advanced glazing types are however able 
to achieve relatively low g-values without comp-
romising too much on daylighting (Pilkington, 
2018).  A Finnish study on the effect of g-value 
on overall energy consumption found however 
that even though a lower g-value would increase 
energy consumption, the increase was very small 
(Moisio et al., 2018).
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Figure 18:  Tree placement for optimal shading in summer and  optimal solar gain in winter (Adapted from: Pelsmakers, 2015)
Figure 19:  The impact of glazing g-value
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6.1.9  SOLAR SHADING

Solar shading is probably one of the most effe-
ctive and most researched ways of passive coo-
ling. It can be divided into internal and external 
shading and further into fixed and adaptive. All 
the different types of shading have their own ad-
vantages and situations they work best in. With 
the possible increase in summer solar radiation 
in Finland in the future, solar shading might be-
come an even more important measure in mitiga-
ting overheating.

Internal shading includes different types of cur-
tains and internal blinds that are adaptable, i.e. 
controlled by the occupant. Internal blinds and 
curtains can effectively block glare and sunlight 
from entering a room but since the solar radiation 
has already penetrated inside when it is blocked 
by the curtain or blind, a large part of the heat 
from the radiation will remain in the space. A UK 
based study found that internal blinds and cur-
tains were approximately half as effective as ex-
ternal shutters at reducing overheating (Porritt et 
al., 2012). Blinds are quite commonly used in Fin-
land, and are often installed between the window 
panes, which might make them more effective in 
rejecting heat than fully internal blinds, as they 
are able to block the solar radiation at an earlier 
stage. A study comparing different venetian blind 
usage scenarios found that venetian blinds had 
a significant effect on building energy consump-
tion, and even though having the blinds always 
closed would reduce cooling need the most, 
it would also increase total energy consumpti-
on the most. The study concluded that the best 
system for venetian blinds would be a hybrid of 
manual and automatic, which could achieve both 
optimal energy efficiency and comfort. (Karjalai-
nen, 2018.) 

External shading is more effective than internal 
shading at blocking solar gain, as it is able to do 
so before the radiation reaches the inside. The 
further away the shading device is from the win-
dow, the more effective it is, as heat absorbed by 
the shading device is less likely to radiate inside 
(RT, 2018). External shading can be both fixed and 
adaptive. Fixed shading includes overhangs, side 
fins and structural elements such as balconies 
and eaves, and can be a part of the architectural 
expression. Overhangs give the most protection 
for windows facing South, and according to Fin-
nish guidelines, should be designed to be 80% 
deep of the window height and placed slightly 
above the window frame to allow wintertime so-
lar gain (RT, 2018). With large glazed areas, this 
can result in very large overhangs that will reduce 
daylighting. For west and east orientations, diffe-
rent types of vertical shading, such as fins, louvres 
or shutters, are the most effective as solar angles 
are lower and cannot reasonably be blocked by 
horizontal shading (Pelsmakers, 2015). North fa-
cing windows have not shown to benefit from so-
lar shading and in fact will only cause an increase 
in heating demand, even in the Nordic climate, 
where North facing windows can receive solar ra-
diation in early morning/late evening. (Grynning 
et al., 2014). Adaptive external shading includes 
external blinds, shutters and awnings that can 
be controlled by the occupant or be automated. 
In several studies, external shutters have been 
found to be the most effective measure at redu-
cing overheating in different types of buildings 
(van Hooff et al., 2015a; Porritt et al. 2012; Taylor 
et al., 2018), probably due to the fact that they 
are able to protect against solar radiation from all 
angles. Although external blinds/shutters are ra-
rely used in Finland (Lylykangas et al., 2015), they 
could be especially effective in our climate where 
low solar angles make horizontal shading more 
difficult.

The effectiveness of each shading type is depen-
dent on building and window orientation, local 
solar angles, surrounding environment (buildin-
gs, trees, topography) and occupant behavior. 
The benefits of fixed solar shading are that, when 
designed right, it protects each home equally and 
does not require active occupant participation to 
work, which can protect more vulnerable occu-
pants who do not have the knowledge or ability 
to use adaptive shading. Nevertheless, fixed sha-
ding has its limits, as it is restricted to protecting 
against solar radiation at certain angles and can-
not be adapted to different seasons when solar 

gain might be favorable. However, benefits of 
reduced cooling need were found to outweigh 
the increase in lighting and heating as a study 
found that in Helsinki, providing large South-fa-
cing, high g-value windows with long solar sha-
ding would decrease overall energy consump-
tion by 35% (Kaasalainen et al., 2020). Adaptive 
shading relies on the occupant to be active, and 
if used correctly can have great benefits on both 
energy consumption and thermal comfort. The 
actual usage of adaptive shading is however diffi-
cult to predict, and therefore the benefit can vary 
from case to case.

ei ehkä tässä, mutta aiemmin g-arvosta puhuttaessa-, voisi mainita, että nykyisin lasiratkaisuin voidaan 
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rain can still deter people from opening win-
dows. According to the Finnish building code 
1008/2017 Decree of the Ministry of the Envi-
ronment on lived, accommodation and work pre-
mises, each living space must have at least one 
openable window, so that natural ventilation is 
possible.

Reliance solely on natural ventilation as over-
heating mitigation may however be dangerous 
for vulnerable occupants, who may forget or not 
be able to open windows when needed, leading 
to increased internal temperatures. A study simu-
lating the effects found that having windows clo-
sed at all times increased heat related mortality 
by 260% in dwellings with elderly people (Taylor 
et al., 2018). Since natural ventilation is however 
effective at mitigating overheating, it would best 
be used in conjunction with other passive strate-
gies.

6.2 PASSIVE HEAT 
 REJECTION

6.2.1 THERMAL MASS

Thermal mass can, always combined with night 
time ventilation, help keep buildings cool in sum-
mer and reduce temperature extremes all year. 
Thermal mass works by absorbing heat during 
the day, and re-releasing it during the night, when 
ventilation is able to replace hot internal air with 
cooler outside air. Materials with thermal mass 
include high density materials like concrete or 
brick, and phase change materials (Zero Carbon 
Hub, 2016). High density materials are more effe-
ctive as thermal mass and should be preferred in 
new builds, however, phase change materials can 
more easily be utilized in retrofits if thermal mass 
wants to be added onto a lightweight building. 
(Rodrigues et al., 2015).

For thermal mass to work as a passive cooling 
method, sufficient night-time ventilation and 
cooler night temperatures are essential because 
without them thermal mass can increase over-
heating. The effect of climate change on heatwa-
ves and UHI may in the future cause the benefits 
of thermal mass to reduce, as they can increase 
night-time temperatures and reduce temperature 
differences between day and night, making night 
cooling less effective.

6.2.2 NATURAL 
  VENTILATION

Natural ventilation can effectively cool internal 
temperatures by replacing warm or hot internal 
air with cooler outside air. In Finland, summer 
temperatures usually stay below internal comfort 
temperatures, and therefore cooling through na-
tural ventilation can be an effective way of coo-
ling spaces. Climate change and rising tempera-
tures may however make natural ventilation less 
effective in the future.  

Several studies have found that natural ventilati-
on along with solar shading are the top two over-
heating mitigation adaption measures, and can 
eliminate overheating completely, even in war-
mer climates (Hamdy et al., 2017; van Hooff et 
al., 2015a; Porritt et al. 2012; Taylor et al., 2018). 
Studies based on building simulations may ho-
wever give an overly positive image of the effects 
of natural ventilation, as the act of opening and 
closing windows is up to the occupant and might 
not in reality be used as effectively. Occupants 
might not want to open windows at all because 
of safety concerns, noise disturbances, polluti-
on, insects, rain etc. (Mavrogianni et al., 2015). In 
two Finnish national health and safety surveys in 
2007 and 2011, 70.5% and 74.1% of respondents 
reported that they would ventilate by opening 
windows daily or almost daily, and approximate-
ly 98% reported that they feel safe or quite safe 
in their living environment (Anttila et al., 2013). 
The results show that a majority of Finnish homes 
use ventilative cooling in summer and are able to 
adapt when temperatures are higher as the sum-
mer of 2011 was warmer than usual. Safety con-
cerns may not be a restrictive factor in the Finnish 
context, however noise, pollution, insects and 
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7.1.1. OVERHEATING CRITERIA
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7.1.5 OVERHEATING MITIGATI-
ON STRATEGIES

7.1.4. CLIMATE DATA

PUUKUOKKA 
CASE STUDY
In this section, the impacts of different passive 
overheating mitigation strategies are studied with 
help of the dynamic energy modelling program 
IDA-Indoor Climate and Energy (IDA-ICE). The 
Puukuokka case study buildings represent con-
temporary Finnish low energy housing architec-
ture, and can therefore give valuable information 
on how new Finnish buildings will perform in the 
future. Three apartments from the housing block 
of Puukuokka will be examined, to find out how 
the different passive mitigation strategies beha-
ve depending on the apartment characteristics. 
The aim of the study is to find out how passive 
strategies can be utilized by architects to reduce 
building overheating in the Finnish climate today 
and in the future. 

The Puukuokka housing block located in Jyväsky-
lä, Finland consists of three CLT (Cross Laminated 
Timber) structured multi-story apartment buildin-
gs finished in 2015, 2017 and 2018. Together they 
contain 184 apartments spanning 14 000m2. The 
buildings are built from prefabricated CTL modu-
les, making the construction time shorter compa-
red to a typical build. Each apartment consists of 
two modules, one for living spaces and the other 
for the kitchen and bathroom. In the interior, the 
wooden structure is visible in the ceilings and 
window frames of the apartments, and floors and 
stairs of the common hallways. Due to Finnish 
fire safety laws, all walls are covered with gypsum 
boards and all the buildings are equipped with 
sprinkler systems. The buildings are designed 
to follow the contours of the site as to leave the 
existing bedrock and vegetation as untouched as 
possible. Puukuokka has been awarded several 
prizes, including the Finlandia Prize for Architec-
ture in 2015. 

7.

Figure 19:  View from courtyard Figure 20:  Areal view of the Puukuokka housing block
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Architects: OOPEAA

Location: Jyväskylä, FInland

Client:  Lakea Ltd

Built:  2015 (house 1), 2017 (house 2), 
   2018 (house 3)
Area:  18 650 m² (gross area) 
  14 000 m² (apartments) 
  4 650 m² (shared facilities)
Average 
temperatures: 3,6°C (all year) & 15°C (summer)

7.1 METHODOLOGY
Using dynamic energy modelling program IDA 
ICE v. 4.8, different overheating mitigation stra-
tegies (blinds, glazing type, natural ventilation, 
fixed shading, orientation and combinations) are 
tested in the Finnish climate now and in the future 
climates of 2030, 2050 and 2100. IDA-ICE uses 
realistic climate data to simulate both indoor cli-
mate and energy consumption. The IDA-ICE buil-
ding model of the Puukuokka housing block was 
obtained from Taru Lehtinen and Jukka Lehtinen, 
and has been adapted further to suit the over-
heating simulations. The structure of the study 
follows in line with other existing studies on over-
heating mitigation simulations. In the sections 
below, details of the model and tested variables 
are explained further.

7.1.1   OVERHEATING
   CRITERIA
Overheating is evaluated based on the 1010/2017 
Decree of the Ministry of the Environment on the 
Energy Performance of New Buildings, according 
to which calculated summertime temperatures in 
category 2 buildings (Blocks of flats with apart-
ments on at least three floors), are not allowed to 

exceed the cooling limit of +27°C  by more than 
150 degree hours between June and August. Ho-
wever, simulations are made with both the requi-
red Helsinki 2012 TRY climate data and current 
and future climate data for Jyväskylä, where the 
building is located. Although in official summer-
time temperature calculations the intensification 
of mechanical ventilation is allowed up to 30%, in 
this study only passive measures are tested, and 
ventilation is not intensified. In addition to de-
gree hours, maximum temperatures in the zones 
are studied, as according to the 545/2015 Dec-
ree of the Ministry of Social Affairs and Health on 
Health-related Conditions of Housing and Other 
Residential Buildings and Qualification Require-
ments for Third-party Experts, temperatures in re-
sidential buildings are not allowed to rise above 
+32°C  outside of the heating season.

7.1.2   CASE STUDY    
    APARTMENTS
In this case study three apartments (one from each 
building) will be studied. The studied apartments 
are; a studio apartment 37m2, a one-bedroom 
apartment 53m2, and a two-bedroom apartment 
69m2 (see figure 24). The studio apartment is 
located on the first floor of Puukuokka 3, facing 
South-East toward a public road. The studio is 

Figure 21:  Site plan for Puukuokka housing blockFigure 22:  West (above) and East (below) elevations

Figure 23:  Areal view Puukuokka housing block

Apartment Orientation Living	room	
+	kitchen

Bedroom Bedroom	2 Bathoom Total Windows Window	to	
floor	ratio

m2 m2 m2 m2 m2 m2 WFR%

Studio SE 30 6 37 4,8 13

One-
bedroom

SW 33 12 6,5 53 9,1 17

Two-
bedroom

N	&	W 37 12 12 6,5 69 12,5 18

Structure
U-value	

(Wm2K)
g-value

External	
wall

0,17

Roof 0,09

Door 1

Window 1 0,55

External	
floor

0,16

Time
Time	in	use,	
hours

Time	in	use,	
days

Degree	of	
usage

Lighting Appliances People
People	
density

Activity	
level

h/24h d/7d W/m2 W/m2 W/m2 Person/m2 Met
0.1	lighting
0.6	others

2400:00-24:00 1,24675334117

Table 2:  Room and window sizes
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single-aspect, measures 9.5m deep and 4.7m 
wide, and has a French balcony and no external 
shading. The one-bedroom apartment is locat-
ed on the second floor of Puukuokka 1, facing 
South-West towards the inner courtyard framed 
by trees. The one-bedroom apartment is also 
single-aspect, measures 7.8m x 8.15m, and has a 
balcony. The two-bedroom apartment is located 
in the North-West corner of Puukuokka 2, on the 
top floor (6th floor). The apartment is double-as-
pect and has windows towards North and West, 
and a balcony on the West side. The two-bed-
room apartment measures 7.8m x 10.8m. See 
table 2 for room and window sizes. Each room 
in the apartments are considered separate zones 
(see Figure 24), and simulation results from each 
zone is evaluated separately.

7.1.3  MODEL DETAILS 
   FOR BASE CASE
Variables that could not be confirmed with 
available information, were assumed to follow re-
gulations at the time of construction. In the base-
line case, no shading devices are used except for 
existing balconies and vegetation. 

Construction details 
The buildings are constructed from pre-fabricat-
ed cross laminated timber (CLT) modules, inclu-
ding walls, floors and roofs. The ground floors of 
all three buildings are made from concrete. Each 
apartment is constructed of two CLT-modules, 
one for main living spaces and the other for kit-
chen and bathroom. The structure U- and g-va-
lues are according to Finnish building regulations 
(see Table 3). 

 

Internal gains
Internal gains and occupancy profiles are set ba-
sed on the Finnish Building Code D3 for Blocks 
of flats with residential storeys on at least three 
storeys (see table 4), which are assumed to rep-
resent standard use. Actual data on occupancy 
profiles could give more accurate results on how 
the buildings perform in real use, however for this 
study, data was not availabe.

Building technology
Information on the building technologies, as list-
ed here, were obtained from the building model, 
created by Taru Lehtinen and Jukka Lehtinen. 
Ventilation rates were set according to the latest 
FINVAC guides (2019). Zone specific ventilation 
flow rates are presented in table 5.

• Heating: district heating
• Mechanical ventilation: dwelling-specific  
 mechanical ventilation systems
• Cooling: none
• Exterior wall, floor and ceiling infiltration:  
 (q50) 2.0m3/(h m2) at 50 Pa
• Heat recovery temperature ratio: 0.82
• Supply and exhaust air handling units   
 (AHU) Specific fan power: (SFP) 2.0 kW/ 
 (m3/s)
• Ventilation air flow rates: supply and 
 exhaust air 0.5, 0.5dm3/(sm3)
• Heating set point: 21°C 

Modelling Limitations
The balconies are glazed in real life but are mo-
delled without glazing due to modelling restric-
tions. This will cause more solar gain in the apart-
ments and therefore simulations will represent a 
worst case scenario.

Figure 24:  Floor plans and studied zones for the case study apartments.  

Table 3:  U-values and g-values of building fabric

Table 4:  Internal gains

Table 5:  Ventilation air flow rates

Apartment Orientation Living	room	
+	kitchen

Bedroom Bedroom	2 Bathoom Total Windows Window	to	
floor	ratio

m2 m2 m2 m2 m2 m2 WFR%

Studio SE 30 6 37 4,8 13

One-
bedroom

SW 33 12 6,5 53 9,1 17

Two-
bedroom

N	&	W 37 12 12 6,5 69 12,5 18

Structure
U-value	

(Wm2K)
g-value

External	
wall

0,17

Roof 0,09

Door 1

Window 1 0,55

External	
floor

0,16

Time
Time	in	use,	
hours

Time	in	use,	
days

Degree	of	
usage

Lighting Appliances People
People	
density

Activity	
level

h/24h d/7d W/m2 W/m2 W/m2 Person/m2 Met
0.1	lighting
0.6	others

2400:00-24:00 1,24675334117

Apartment Orientation Living	room	
+	kitchen

Bedroom Bedroom	2 Bathoom Total Windows Window	to	
floor	ratio

m2 m2 m2 m2 m2 m2 WFR%

Studio SE 30 6 37 4,8 13

One-
bedroom

SW 33 12 6,5 53 9,1 17

Two-
bedroom

N	&	W 37 12 12 6,5 69 12,5 18

Structure
U-value	

(Wm2K)
g-value

External	
wall

0,17

Roof 0,09

Door 1

Window 1 0,55

External	
floor

0,16

Time
Time	in	use,	
hours

Time	in	use,	
days

Degree	of	
usage

Lighting Appliances People
People	
density

Activity	
level

h/24h d/7d W/m2 W/m2 W/m2 Person/m2 Met
0.1	lighting
0.6	others

2400:00-24:00 1,24675334117

Living	room Bedroom Nedroom Supply	total Kitchen Bathroom Exhaust	total

l/s l/s l/s l/s l/s l/s l/s
Studio 18 18 -8 -10 -18
1-BR 8 12 20 -10 -10 -20
2-BR 8 12 12 32 -16 -16 -32
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7.1.4 CLIMATE DATA
In the simulations, test reference year (TRY) clima-
te data is used to represent today’s (TRY2012) and 
future (TRY2030, TRY2050 and TRY2100) climate 
scenarios. The TRY’s were created by the Finnish 
Meteorological Institute for the main purpose of 
building energy calculations. The TRY2012 was 
created from weather observations for the years 
1980—2009, where each of the TRY months was 
chosen from a year where the weather was clo-
sest to the average. Therefore, the TRY2012 rep-
resents an average climate, and does not include 
weather extremes such as extreme heatwaves. 
The future TRY’s for the years 2030, 2050 and 
2100 were created from multi-model mean es-
timates from 7—19 global climate models, assu-
ming CO2-concentrations in the atmosphere will 
grow according to the IPCC’s 2001 A2 SRES-sce-
nario, which is the worst-case scenario, and large-
ly equivalent to the IPCC 2010 RCP 8.5 scenario. 
In the summer months for the years 2030, 2050, 

and 2100, temperatures rise 0.9, 1.5, and 3.4 
degrees respectively in Jyväskylä compared to 
TRY2012 (see Figure 25). Finland is divided into 
four climate zones, where I—II use climate data for 
Helsinki (Vantaa), III climate data for Jyväskylä and 
IV climate data for Sodankylä (see figure 27). Ho-
wever, according to Finnish building regulations, 
summertime room temperature calculations are 
all made with Helsinki TRY2012 for the summer 
months of June—August. In this study simulations 
are made with both Helsinki and Jyväskylä TRY’s, 
and simulation results are studied for both sum-
mer months and the whole year to be able to as-
sess impacts of the mitigation strategies on yearly 
energy consumption. Differences in solar radiati-
on amount and solar paths between the two cities 
can be seen in Figures 26 an 28.

7.1.5 OVERHEATING 
MITIGATION STRATEGIES
The most effective overheating mitigation solu-
tions found from current literature and studies 
(chapter 6.2.) will be tested in the simulations. 
The amount hours in which living spaces are over-
heating are analysed for the different solutions 
and compared to a baseline case where no adap-
tion measures have been used, i.e. no blinds, no 
shading except for current balconies and trees, 
standard glazing, and standard ventilation. Diffe-
rent combinations of solutions are also tested.

Blinds
Blinds can effectively block heat from solar ra-
diation entering a building, however they si-
multaneously also block views and natural light 
from entering. Blinds are especially effective at 
blocking solar radiation from low angles, as they 
can be adjusted to cover the whole window. As 
Finland is located quite far North, solar angles are 

relatively low even in summer. The placement of 
blinds can have a significant impact on how effi-
ciently they are able to mitigate overheating, i.e. if 
they are outside or inside the window. The actual 
use of blinds is usually up to the occupant, and 
simulated results might not be realistic as people 
may not be able to adjust the blinds for optimal 
results, or may be hesitant to use them because 
of blocking of views and light. Two types of blinds 
are tested in the simulation; external blinds and 
blinds between the outer window panes (internal 
blinds). Internal blinds are the most common type 
of blinds used in Finland, however external blinds 
might be more effective at reducing overheating 
therefore the differences between the two will be 
examined in this study. Different schedules for the 
use of blinds are also tested: sun schedule closes 
the blinds as soon as the incident solar radiation 
exceeds 100W/m2 on the outside of the glazing, 
and always closed schedule keeps the blinds 
always drawn at a 45° angle. In official summer-ti-
me temperature calculations blinds are allowed 
to be modelled as always closed, however in this 
study the sun control schedule is added to rep-

Figure 27. Climate zones used for building energy calculations in Finland, I—II use climate data for Helsinki(Vantaa), III climate 
data for Jyväskylä and IV climate data for Sodankylä. (1010/2017)
Figure 28. Solar paths in Helsinki (left) and Jyväskylä (right) (Marsh, 2014)

Figure 25. Average temperatures for each month of the year in the TRY Helsinki2012, Jyväskylä2012, Jyväskylä2030, Jyväsky-
lä2050, Jyväskylä2100
Figure 26. Average solar radiation amounts for months between April—September in the TRY Helsinki2012, Jyväskylä2012, 
Jyväskylä2030, Jyväskylä2050, Jyväskylä2100 (Data obtained from IDA-ICE)
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resent a more realistic use of blinds. Simulated 
cases with blinds are:

• Internal blinds with sun control 
• Internal blinds always closed at 45° angle
• External blinds with sun control 
• External blinds always closed 45° angle

Glazing type
Adjusting the window g-value changes the 
amount of solar energy transmission allowed 
through the window and therefore the amount 
of solar gain into a space. Lowering the g-value 
reduces the amount of direct energy transmis-
sion, but can also limit the amount of light penet-
rating through the window. Lowering the g-value 
can therefore reduce overheating in summer, but 
might increase heating needs during winter. In 
this study, the glazing types chosen are Pilking-
ton solar control glazing types which have lower 
g-values and U-values than typical windows, ho-
wever still optimizing lighting needs. The glazing 
types tested in the simulations are:

• (Base case: g-value 0.55, U-value 1.0)
• Glazing type 1: g-value 0.38, U-value 0.6
• Glazing type 2: g-value 0.34, U-value 0.6

Natural ventilation
All rooms have ventilation windows (except for 
bathrooms) or a glass balcony door which can 
be used for natural ‘purge’ ventilation in summer. 
Three different schedules for natural ventilation 
are tested. Natural ventilation with temperature 
control, i.e. the windows are opened when the in-
ternal temperature reaches 27°C, night-time ven-
tilation, where all ventilation windows are open 
during the night between 22:00—08:00 in the 
summer months, and day-time ventilation, whe-
re windows are opened during the day between 
08:00—22:00 in the summer months.

External fixed shading 
Fixed external shading can limit the amount of 
solar radiation entering a space without compro-
mising views or natural light. It cannot, however, 
block solar radiation from lower angles. Three dif-
ferent types of external fixed shading are tested; 
horizontal overhang, vertical fins, and a combi-
nation of horizontal and vertical, frame shading 
(see Figures 29a, b and c). The different types of 
external shading are tested to see how well they 
perform combined with different types of windo-
ws and orientations. The length of the overhangs 
are designed to be 80% of the window height, 
and are placed slightly above the window frame

to maximize wintertime solar gain, as current Fin-
nish design guides suggest (RT, 2018). Depen-
ding on the window, the overhangs are 1.2m or 
1.6m deep. No Finnish guides on the design of 
side fins or frame-type shading was found, there-
fore a depth of 0,5m was chosen and kept cons-
tant throughout all windows.

•  Fixed overhang
•  Fixed side fins
•  Frame

Orientation
The orientation of a building has shown to have 
significant impacts on internal temperatures and 
overheating amount as the amount of solar radia-
tion affecting the spaces increase or decrease. 
Orientation changes are made for the whole site 
collectively, as the apartments were all modelled 
together to represent the actual circumstances in 
the base case scenario. The orientation is chan-
ged by rotating the whole site by 90° clockwise 
each time. The different orientations can be seen 
in figure 30.

Combinations 
Three different combinations of solutions are test-
ed. They are divided based on how much adap-
tion they allow, and therefore how much active 
participation they require from the occupant. The 
single solutions selected for the combinations 
are chosen based the effectiveness and level of 
realisticness, e.g. binds with sun control are cho-

Fixed overhang
1.2/1.6m deep

Fixed frame
0.5m deep

Fixed fins
0.5m deep

Figure 29a. Fixed overhang shading type

Figure 29c. Fixed frame shading type

Figure 29b. Fixed shading fins

Figure 30. Different orientations tested in simulations

Original orientation Orientation 1

Orientation 2 Orientation 3
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sen over blinds always closed, as they represent 
a more realistic usage pattern, even though clo-
sed blinds are more effective at mitigating over-
heating. 

Passive combination – combination of best suited 
fixed shading (based on orientation) and lower 
g-value 0.34. Requires no occupant participation. 
The scenario is tested for all different orientations.

Passive + adaptive combination – same as passive 
combination with the addition of external blinds 
with sun control. Requires some occupant par-
ticipation. The scenario is tested for all different 
orientations.

Adaptive combination – combination of natural 
ventilation with temperature control and external 
blinds with sun control. Requires active occupant 
participation.

7.2 RESULTS AND 
 DISCUSSION
In the base case simulation scenario, no mitigati-
on strategies are used, in order to represent the 
worst-case scenario of overheating. Overheating 
simulations are made for each zone, mitigation 
strategy, and climate file, and they are evaluat-
ed separately. Results from the simulations are 
discussed in sections, starting from the studio 
apartment, then the one-bedroom apartment, 
and lastly the two-bedroom apartment. Within 
each section, results are further divided by miti-
gation strategy type. Overheating is measured by 
the amount of degree hours exceeding the given 
threshold temperature of 27°C, one degree hour 
(°Ch) representing one hour of overheating by 
one degree. According to the Ministry of Envi-
ronment, the accepted amount of degree hours 

over 27°C is 150, and anything over it is consi-
dered overheating. Also, maximum temperature 
in each zone is examined, which can help give a 
more accurate idea of temperature ranges in the 
simulated scenarios. As the presented results are 
from simulations and not based on actual measu-
rements, the results are dependent on input data 
of the model, and may not represent actual con-
ditions. The results can however give an idea of 
how well the different mitigation strategies work 
and how they will act in possible future climates.

As can be seen in Figures 31 and 32, overheating 
is severe in all zones for the base case scenario, 
as even in the current climate for Helsinki and Jy-
väskylä, degree hours surpass the limit of 150 by 
thousands of degree hours. The largest amount 
of overheating occurs in the studio apartment 
and one-bedroom apartment (1-BR) living room, 
reaching 13 341°Ch and 13 977°Ch respectively, 
in the current day Helsinki climate. The two next 
most overheating zones are the 1-BR bedroom 
and the Two-bedroom (2-BR) living room zones, 
reaching 8 912°Ch and 9 179°Ch, also in the 
current day Helsinki climate. The two least over-
heating zones are the two bedrooms of the 2-BR 
apartment, bedroom 1 and bedroom 2, reaching 
6 646°Ch and 5 358°Ch respectively. Differences 
between zones are large, as the most severe zo-
nes are overheating approximately twice as much 
as the less severe zones. Within the apartments, 
living rooms seem to be overheating more than 
bedrooms, which may be attributed to the large 
glass balcony doors in the living rooms, leading 
to increased solar gain. The apartments are also 
facing different orientations, which can affect 
the amount of overheating. The two most over-
heating zones are facing South-East (Studio) and 
South-West (1-BR living room), while the least 
overheating zones (2-BR bedroom 1 & bedroom 
2) are facing West. Even though the 2-BR apart-
ment is on the top floor, with no protecting sha-
ding from trees or balconies above, it is the least 
overheating apartment. From the results it can be 

0

10000

20000

30000

40000

50000

60000

70000

80000

2B Bedroom 2

2B Bedroom 1

2B Livingroom

1B bedroom

1B livingroom

Studio

Jyväskylä 2100Jyväskylä 2050Jyväskylä 2030Jyväskylä 2012Helsinki 2012

0

3000

6000

9000

12000

15000

18000

Jyväskylä 2100Jyväskylä 2050Jyväskylä 2030Jyväskylä 2012Helsinki 2012

2B Bedroom22B Bedroom12B Livingroom1B bedroom1B livingroomStudio

Degree hours (°Ch) over 27°C

Degree hours (°Ch) over 27°C

Accepted
level <150°Ch

Base case 

0

10000

20000

30000

40000

50000

60000

70000

80000

2B Bedroom 2

2B Bedroom 1

2B Livingroom

1B bedroom

1B livingroom

Studio

Jyväskylä 2100Jyväskylä 2050Jyväskylä 2030Jyväskylä 2012Helsinki 2012

0

3000

6000

9000

12000

15000

18000

Jyväskylä 2100Jyväskylä 2050Jyväskylä 2030Jyväskylä 2012Helsinki 2012

2B Bedroom22B Bedroom12B Livingroom1B bedroom1B livingroomStudio

Degree hours (°Ch) over 27°C

Degree hours (°Ch) over 27°C

Accepted
level <150°Ch

Base case 

Figure 32. Amount of degree hours over 27°C for the base case  scenario for all studied zones in the different climate 
scenarios

Figure 31. Accumulated amount of degree hours 
degree hours  in the base case from all studied 
zones in the different climate scenarios



6564

concluded, that smaller apartments are at higher 
risk of overheating if no mitigation strategies are 
used.

In the current day climate scenarios for Jyväskylä, 
overheating is slightly lower in all zones compa-
red to the Helsinki climate (see Figure 32). This 
is most likely due to higher average temperatu-
res in Helsinki as shown in Figure 25. However, 
the future climate scenarios for Jyväskylä (2030, 
2050 & 2100) show an increase in total degree 
hours for all zones (see Figure 31), peaking at the 
2100 climate. The results show an increased risk 
of overheating in the future, which is supported 
by findings in other Nordic studies (Tian et al., 
2020; Vesterinen, 2012), indicating that even if a 
building is not overheating today, it will be at inc-

reased risk of overheating in the future.  

The impact of the mitigation strategies on yearly 
energy consumption was evaluated collectively 
for all three apartments (see table 6). Results from 
natural ventilation strategies were excluded as it 
was assumed that windows would be kept closed 
outside of summer months and would therefore 
not affect yearly energy consumption. Overall, 
the solutions did not have a significant impact on 
energy consumption, the biggest increase being 
in the case with external blinds always closed (5% 
increase), due to decreased amounts of daylight-
ing and wintertime solar gain. However, the case 
represents an extreme scenario where blinds are 
never opened, which would most likely not hap-
pen in real life. Almost all solutions with improved 

STUDIO Helsinki	2012 Jyväskylä	2012 Jyväskylä	2030 Jyväskylä	2050 Jyväskylä	2100

ºCh>27 Max	ºC ºCh>27 Max	ºC Ch>27 Max	ºC Ch>27 Max	ºC Ch>27 Max	ºC
	Base	case	(SE) 13341,1 41,77 12274,4 39,37 13037,1 39,83 13490,7 40,13 15129,4 41,25
Blinds	internal	closed 4207,9 34,1 3375,5 32,49 4078,2 32,85 4588,6 33,22 6339,5 34,24
Blinds	internal	sun 6899,1 34,89 6243,6 33,43 6963,2 33,94 7392,2 34,21 9145,4 35,29
Blinds	external	closed 1416,6 31,46 870,6 30,37 1392,5 30,84 1839,4 31,18 3463,7 32,25
Blinds	external	sun 4922,3 32,99 4349 32,25 4993,9 32,77 5553,8 33,04 7300 34,04
g-value	0.38	U-value	0.6 10120 38,42 9348,8 36,33 10035,4 36,74 10455,7 37,07 12012,2 38,08
g-value	0.34	U-value	0.6 9069,5 37,46 8299,3 35,52 9025,1 35,95 9467 36,24 11024,4 37,27
Natural	ventilation	PI 64 30,9 40,5 29,54 68,1 29,95 110,3 31,05 292,6 31,58
Natural	ventilation	Night 541,9 32,49 322,2 30,47 452,9 30,67 527,9 30,9 885 31,78
Natural	ventilation	Day 51,3 30,38 12,2 28,62 26,7 29,22 52,3 29,72 266,8 31,36
Orientation	1	(NE) 6765,5 34,31 6122,5 33,95 6842,8 34,46 7327,3 34,57 9024,3 35,38
Orientation	2	(NW) 9638,5 38,71 8216,8 37,7 9020 38,24 9471,1 38,59 11223,9 39,54
Orientation	3	(SW) 12366,4 41,63 11842,1 39,76 12579,3 40,19 13030,9 40,48 14800 41,45
Fixed	shading	horizontal 9383,4 37,82 8471,6 35,97 9221,2 36,44 9702,2 36,74 11345 37,71
Fixed	shading	fins 11927,6 40,72 10756,3 38,31 11527,7 38,76 11981,3 38,97 13638,9 40,24
Fixed	shading	frame 9841,1 38,86 8821,4 36,58 9543,6 37 10005,2 37,25 11694,9 38,34
Passive	Combo	(SE) 6780,9 35,73 6078,6 34,01 6738 34,53 7189,5 34,74 8803 35,53
Passive	Combo	O1	(NW) 3547,7 32,13 3581,4 31,81 3712,3 31,91 4220,1 32,26 5902 33,27
Passive	Combo	O2	(SW) 5133,2 34,49 4654,9 33,34 4917,6 33,59 5355,7 33,9 6983,2 34,87
Passive	Combo	O3	(NE) 5696,5 35,07 5355,3 33,81 6005,3 34,28 6487,1 34,58 8204,9 35,62
Passive+Adaptive	Combo	(SE) 4205,4 32,94 3700,2 31,68 4302,7 32,04 4772,2 32,29 6465,4 33,31
Passive+Adaptive	Combo	O1	(NW) 3263,9 32,04 2717,1 31,39 3400,1 31,84 3910 32,12 5617,6 33,2
Passive+Adaptive	Combo	O2	(SW) 4235,3 33,45 3651,9 32,1 4333,8 32,5 4886,2 32,79 6585,1 33,89
Passive+Adaptive	Combo	O3	(NE) 5089,6 34,29 4697,2 33,52 5284,9 33,56 5763,5 33,65 7474,8 35,11
Adaptive	combo 27,2 29,18 20,9 29,06 35,5 29,46 71,7 30,5 168,5 30,89

glazing actually reduced energy consumption, as 
the improved U-value was able to compensate 
the possible negative effects of the lower g-value 
by reducing heat losses in winter.

7.2.1 STUDIO 
  APARTMENT
Table 7 shows the amount of overheating (measu-
red by the number of degree hours over 27°C) 
for all the different modelled cases of the studio 
apartment. The studio apartment was the second 
most severely overheating zone out of all three 
apartments, reaching 13 341°Ch over 27°C in 
the base case for current Helsinki climate. For the 

current Jyväskylä climate, overheating was slight-
ly lower, at 12 274°Ch, however still well over the 
limit of 150 degree hours. In the future base case 
scenarios for Jyväskylä, overheating steadily inc-
reases and reaches a peak of 15 129°Ch in

Blinds
The use of blinds was the second most effecti-
ve single measure at reducing overheating, ma-
naging to reduce degree hours by 40%-93%, 
depending on the case. However, none of the 
blind cases were able to reduce overheating 
to acceptable levels (<150°Ch). Having blinds 
always closed was shown to be more effective 
than sun control blinds, both internally and exter-
nally, which could be expected, as it blocks out 
all of the sunlight instead of some. However, ha-

Energy	consumption Helsinki	2012 Jyväskylä	2012 Jyväskylä	2030 Jyväskylä	2050 Jyväskylä	2100
kWh/m2 kWh/m2 kWh/m2 kWh/m2 kWh/m2

	Base	case	(SW) 98,6 104,1 100,5 98,04 92
	Blinds	internal	closed	 101,1 107 103 100,2 93,38
	Blinds	internal	sun	 99,43 105,2 101,4 98,78 92,4
	Blinds	external	closed	 103,5 109,7 105,4 102,3 94,78
	Blinds	external	sun	 99,84 105,6 101,8 99,1 92,57
	g-value	0.38	U-value	0.6	 94,88 99,4 96,33 94,23 89,33
	g-value	0.34	U-value	0.6	 95,15 99,69 96,58 94,45 89,48
	Natural	ventilation	PI	 - - - - -
	Natural	ventilation	Night	 - - - - -
	Natural	ventilation	Day	 - - - - -
	Orientation	1	(NW)	 96,44 102,3 98,9 96,59 90,97
	Orientation	2	(SW)	 99,64 105,4 101,6 98,88 92,43
	Orientation	3	(NE)	 100,6 106,4 102,6 99,83 93,13
	Fixed	shading	horizontal	 98,97 104,5 100,9 98,37 92,24
	Fixed	shading	fins	 99,1 104,6 101 98,45 92,27
	Fixed	shading	frame	 99,37 104,9 101,3 98,66 92,42
	Passive	Combo	(SE)	 95,41 100 96,85 94,69 89,63
	Passive	Combo	O1	(NW)	 93,97 98,76 95,74 93,68 88,93
	Passive	Combo	O2	(SW)	 96,04 101,1 97,46 95,2 89,87
	Passive	Combo	O3	(NE)	 96,84 101,6 98,27 95,93 90,4
	Passive+Adaptive	Combo	(SE)	 95,86 100,6 97,32 95,06 89,82
	Passive+Adaptive	Combo	O1	(NW)	 95,3 100 96,8 94,57 89,45
	Passive+Adaptive	Combo	O2	(SW)	 96,35 101,1 97,72 95,41 89,97
	Passive+Adaptive	Combo	O3	(NE)	 96,89 101,7 98,32 95,98 90,42
	Adaptive	combo	 - - - - -

Table 6. Yearly energy consumption (kWh/m2) for all simulated cases. Table 7. Degree hours and maximum temperatures for all the simulated cases in the studio apartment
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ving blinds always closed will also reduce natural 
light and cause an increase in lighting need. In 
official summertime overheating calculations re-
quired by the building code 1010/2017, blinds 
are allowed to be simulated as always closed, 
however, keeping blinds always closed may not 
be realistic, as most people will open and close 
blinds throughout the day. The results from the 
sun control blinds might therefore be more rep-
resentative of reality, being able to approximately 
halve the degree hours over 27°C, still however 
being significantly over the 150°Ch threshold. Ex-
ternal blinds were found to be 12%—21% more 
effective at reducing degree hours than internal 
blinds, which is supported by previous research 
on the topic (Porritt et al., 2012). In Finland, the 
most commonly used blinds are internal ones, 
however switching to external blinds could give 
occupants more freedom in their use, as exter-
nal blinds with sun control were approximately 
equally as effective at reducing degree hours as 
internal always closed blinds. 

Glazing
Lowering of the window g-value from the base 
case value of 0.55 was able to reduce degree 
hours for the studio apartment by approximately 
a quarter from the base case. The lower g-value 
of 0.34 was slightly more effective than the g-va-
lue of 0.38 (see figure 35), reducing degree hours 
by roughly 10% more. Maximum temperatures in 
the zone were reduced by 3—4°C, depending on 
the scenario, as seen in table 7. Vesterinen (2012) 
found similar effects on internal temperatures with 
tested g-values of 0.32 and 0.38 in the Finnish cli-
mate. The g-value options were chosen to receive 
maximal light transmittance, in order to increase 
lighting need as little as possible. An increase in 
energy consumption has found to be correlated 
with lower g-values in some studies (Moisio et al., 
2018) however, as the U-values were also lowe-
red in the studied examples, from 1.0 to 0.6, the 
increase was able to be compensated.

External fixed shading
The use of external fixed shading was similarly ef-
fective as a mitigation strategy as lowering g-va-
lue, both at reducing degree hours and reducing 
maximum temperatures in the studio apartment. 
This is supported by the findings of Kaasalainen 
et al. (2020). who suggested that lower g-value 
windows and external horizontal shading could 
in most cases be used interchangeably, as their 
effects on cooling, heating and total energy need 
were found to be very similar. The least effective 
fixed shading option was the use of side fins, only 
reducing degree hours by ~11%. Horizontal sha-
ding was the most effective of the different fixed 
shading options, reducing degree hours by ap-
proximately 30%. None of the fixed shading ty-
pes were able to reduce maximum temperatures 
under 32°C. When evaluating the effectiveness of 
shading devices, the orientation and size of the 
windows must be considered. For these simula-
tions, the fins and frame shading types were kept 
constant throughout all widows, i.e. the shading 

devices were not resized for the different win-
dow types. The studio apartment is facing South-
East, and according to design guides on shading 
device choice, a combination of horizontal and 
vertical shading (frame in this case) should be 
the most effective (Pelsmakers, 2015). However, 
in this case, horizontal shading was found to be 
more effective. This is most likely due to the lar-
ge size and width of the windows/balcony doors, 
and the shading frame not being deep enough to 
shade the whole surface area of the window. 

Natural ventilation
Natural ventilation (NV) was the most effective 
single strategy at reducing degree hours. NV du-
ring the day (8:00-22:00) and NV with temperatu-
re (PI) control were also the only single solutions 
able to reduce degree hours to acceptable levels 
(<150°Ch) in all other climate scenarios except 
Jyväskylä 2100 (see figure 38). They were also ef-
fective at reducing the maximum temperatures in 
the zone (>10°C reduction from base case). The 
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Figure 33. Amount of degree hours over 27°C in the studio 
apartment for bace case scenario

Figure 34. Amount of degree hours over 27°C in the studio 
apartment with solutions using blinds

Figure 35. Amount of degree hours over 27°C in the studio 
apartment with imroved glazing

Figure 36. Amount of degree hours over 27°C in the studio 
apartment with fixed shading options
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hours up to 50% from the base case, therefore 
being more effective than g-value improvements 
or fixed shading (see figure 37). Generally, more 
northern orientations (NE and NW) would reduce 
overheating more, as solar exposure is more li-
mited. Orientation 3 (SW) caused a slight decrea-
se in degree hours, however interestingly caused 
an increase in the maximum temperatures for Jy-
väskylä climates in the zone. Guides on building 
orientation have suggested that SW orientations 
may cause increased risk of overheating as lower 
evening sun is able to penetrate deeply into buil-
dings and add on to heat already accumulated 
throughout the day (Zero Carbon Hub, 2016). 
This may be the reason for increased maximum 
temperatures in the studio apartment. Overall, 
choice of orientation showed to have a signifi-
cant impact on overheating amounts and should 
always be considered, especially when designing 
apartments that may already be at significant 
overheating risk due to other characteristics.

Combinations
Out of the three combination types (passive, 
adaptive, and passive + adaptive), the adaptive 
solution (NV + blinds), was the most effective at 
reducing degree hours, highlighting again the 
effectiveness of natural ventilation. The adaptive 
combination managed to reduce degree hours 
to acceptable levels for all other climates except 
Jyväskylä 2100. The results could be expected as 
simply the use of natural ventilation, as discus-
sed above, was able to produce similar results. 
The degree hours were however further halved 
from the single use of NV, thanks to the added 
use of external blinds. The passive (fixed shading 
+ g-value) and passive + adaptive (fixed shading 
+ g-value + blinds) solutions were almost equal-
ly effective, the passive + adaptive combination 
being only slightly more effective than the pas-
sive combination (3%-5%). The results show that 
the addition of blinds when already using other 
passive solar protection strategies is only mini-
mal. In both the passive combinations and pas-
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effect of NV has been widely studied (van Hooff 
et al., 2015a; Porritt et al., 2012; Castaño-Rosa et 
al., 2018; Fosas et al., 2018; Ibrahim and Pelsma-
kers, 2018) in previous research, and has found 
to be an effective way of reducing overheating in 
buildings, especially in milder climates. 

NV during the night was not as effective as the 
other NV options, and was not able to reduce 
degree hours to acceptable levels (<150°Ch). 
However, night-time NV was still more effective 
at reducing degree hours than any of the other 
single solutions tested, reducing them by 96% on 
average. Natural ventilation during the night can 
be effective if combined with thermal mass, ho-
wever in this case study the building is construct-
ed from light-weight materials (timber) and there-
fore does not have effective thermal mass, which 
might have affected the results. Day-time ventila-
tion is able to remove hot air during the hottest 
time of the day, while night-time ventilation works 
best in combination with thermal mass, as the in-
ternal peak in temperature is shifted from day to 

night.

In the Jyväskylä 2100 climate, none of the NV 
options where able to keep degree hours at ac-
ceptable levels, most likely due to rising tempe-
ratures. This finding indicated that although in the 
current climate NV is very effective at reducing 
or even eliminating overheating, it might not be 
enough in the future climate if temperatures con-
tinue rise. The use of NV is similar to the mitigation 
strategy of blinds, as the effect of the strategy is 
largely up to the occupant. This must be conside-
red while evaluating the results from simulations, 
as they can give an overly positive picture of the 
effectiveness of the measure as people may not 
want to open windows due to differing concerns 
or may forget to open them. 

Orientation
All of the alternative orientations were found 
to have a reducing effect on the amount of de-
gree hours for the studio apartment. Orientation 
1 (NE) was the most effective, reducing degree 

Figure 37. Amount of degree hours over 27°C in the studio 
apartment with imroved glazing

Figure 38. Amount of degree hours over 27°C in the studio 
apartment with fixed shading options

Figure 39. Amount of degree hours over 27°C in the studio apartment with combination solutions



7170

ONE-BED	LIVINGROOM Helsinki	2012 Jyväskylä	2012 Jyväskylä	2030 Jyväskylä	2050 Jyväskylä	2100
ºCh>27 Max	ºC ºCh>27 Max	ºC Ch>27 Max	ºC Ch>27 Max	ºC Ch>27 Max	ºC

	Base	case	(SW) 13977,9 42,77 12947,5 40,17 13820,8 43,51 14294,3 41,03 16105 42,03
Blinds	internal	closed 5029,1 34,73 4039,5 33,12 4862,5 33,55 5453,9 33,86 7450,9 34,89
Blinds	internal	sun 8923,3 36,68 8232,4 35,15 9044,7 35,7 9539,6 35,76 11468,5 36,84
Blinds	external	closed 1997,5 31,91 1213,5 30,63 1896,9 31,06 2455,3 31,52 4354,9 32,58
Blinds	external	sun 7123,8 34,76 6558,9 33,41 7331 33,95 7948,2 34,37 9823,4 35,36
g-value	0.38	U-value	0.6 11577,1 39,56 10835,5 37,17 11600,7 37,67 12064,3 38,04 13802,2 38,92
g-value	0.34	U-value	0.6 10501,4 38,55 9842,9 36,39 10581,2 36,83 11034,5 37,06 12737,5 38,03
Natural	ventilation	PI 112,5 31,11 64,3 30,97 101,7 31,36 159 32,5 373,1 33,02
Natural	ventilation	Night 860,1 34,25 558 31,89 656,9 32,21 722,1 32,35 968,4 32,99
Natural	ventilation	Day 98,2 30,62 21,5 30,05 41 30,62 71,9 31,14 352,3 32,82
Orientation	1	(SE) 13078,1 41,22 12325,5 39,08 13155,5 39,57 13649,7 39,71 15428,1 40,81
Orientation	2	(NE) 8869,3 36,75 7744,5 34,64 8567 35,11 9115,3 35,42 10974 36,25
Orientation	3	(NW) 7059,2 35,43 5992,1 34,44 6789,4 34,95 7335,6 35,24 9266,9 36,31
Fixed	shading	horizontal 12121,2 41,28 11201,2 38,49 12017,5 39 12525,7 39,34 14398,6 40,36
Fixed	shading	fins 12451,9 41,55 11493,1 39,12 12343,1 39,58 12840,5 39,95 14671,4 40,98
Fixed	shading	frame 11681,2 40,9 10771,9 38,55 11584,2 39,08 12101,2 39,4 13926,8 40,45
Passive	Combo	(SW) 9264,8 37,96 8586,1 35,64 9325,3 36,12 9844 36,4 11569 37,29
Passive	Combo	O1	(SE) 8570,5 36,83 8063,7 35,18 8791,2 35,52 9313,4 35,85 11010,2 36,76
Passive	Combo	O2	(NE) 6093,7 33,59 5876,9 32,8 6111,2 32,91 6657,3 33,2 8424,5 34,15
Passive	Combo	O3	(NW) 5144,8 33,12 4742,8 32,39 5086,4 32,23 5620,2 32,71 7505,8 33,71
Passive+Adaptive	Combo	(SW) 7516,7 35,52 7134,1 34,02 7860,7 34,89 8393,7 35,22 10148,6 35,63
Passive+Adaptive	Combo	O1	(SE) 6951,4 34,53 6490 33,05 7217,1 33,6 7757,4 33,62 9524,9 35,24
Passive+Adaptive	Combo	O2	(NE) 5413,6 33 4850,4 32,17 1452,9 32,52 6163 32,87 7951,9 33,76
Passive+Adaptive	Combo	O3	(NW) 5075,1 32,94 4289,9 31,92 5090,5 32,42 5635,2 32,73 7486,1 33,76
Adaptive	combo 36,4 29,67 25,8 29,17 43 29,54 81,3 30,67 199,9 30,98

ONE-BED	BEDROOM Helsinki	2012 Jyväskylä	2012 Jyväskylä	2030 Jyväskylä	2050 Jyväskylä	2100
ºCh>27 Max	ºC ºCh>27 Max	ºC ºCh>27 Max	ºC ºCh>27 Max	ºC ºCh>27 Max	ºC

	Base	case	(SW) 8912,1 40,95 7627,5 38,28 8474,5 41,21 8955,7 39,03 10821,7 40,22
Blinds	internal	closed 1844 33,59 1108,9 32,17 1603,8 32,63 2005,7 32,97 3607,2 34,11
Blinds	internal	sun 4322,4 34,93 3412,4 33,68 4146,9 34,2 4653,4 34,36 6569,4 35,5
Blinds	external	closed 540,4 31,02 152,5 29,88 338,4 30,35 550,9 30,79 1667,1 32,01
Blinds	external	sun 2772,9 32,75 2125,7 31,94 2755,2 32,48 3301,8 32,6 5143,9 33,92
g-value	0.38	U-value	0.6 6569,7 37,8 5519,1 35,73 6269,6 36,17 6754,3 36,41 8570,5 37,58
g-value	0.34	U-value	0.6 5679,9 36,88 4686,1 35,03 5400,6 35,47 5870,6 35,76 7656,8 36,8
Natural	ventilation	PI 202 32,04 124,2 31,69 198,4 32,09 253,1 33,2 575 33,71
Natural	ventilation	Night 719,5 34,24 439,2 31,85 543 32,11 608,7 32,36 894 33,34
Natural	ventilation	Day 136,4 31,48 38 30,69 75,5 31,28 121 31,81 442,5 33,48
Orientation	1	(SE) 7909,5 39,22 7058 37,32 7850,8 37,81 8350,2 38,11 10175,7 39,3
Orientation	2	(NE) 4590,7 35,19 3469,6 32,93 4194,9 33,35 4704,4 33,71 6524,8 34,84
Orientation	3	(NW) 2645,6 32,85 1782,3 31,74 2397,7 32,35 2851,8 32,74 4627,9 33,97
Fixed	shading	horizontal 6394 38,34 5282,3 35,7 6046,7 36,19 6563,5 36,52 8472,4 37,55
Fixed	shading	fins 7412,6 39,57 6188,6 37,22 7001,1 37,77 7503,7 38,1 9385,7 39,19
Fixed	shading	frame 6286 38,25 5138,1 36,1 5894,5 36,59 6410,1 36,92 8285,6 40,45
Passive	Combo	(SW) 4112,7 35,37 3169,7 33,47 3846,1 33,91 4344,8 34,21 6119,6 35,32
Passive	Combo	O1	(SE) 3386,2 33,88 2732,9 32,75 3360,7 33,18 3849 33,52 5567,2 34,64
Passive	Combo	O2	(NE) 1995,9 31,96 1669,1 31,41 1868,6 31,59 2290,5 31,92 3911,9 33
Passive	Combo	O3	(NW) 1253,8 31,4 855,1 30,55 1167,4 30,85 1538,9 31,18 3096,7 32,34
Passive+Adaptive	Combo	(SW) 2807,8 33,17 2170,9 32,31 2793,3 33,03 3280,4 33,25 5028,2 34,11
Passive+Adaptive	Combo	O1	(SE) 2458,7 32,97 1882,6 31,6 2454,7 32,01 2914,7 32,31 4607,8 33,58
Passive+Adaptive	Combo	O2	(NE) 1463,8 31,46 983,9 30,8 1452,9 31,18 1875,3 31,56 3449,5 32,61
Passive+Adaptive	Combo	O3	(NW) 1216,1 31,27 714,7 30,43 1169 30,83 1540,7 31,17 3084,5 32,33
Adaptive	combo 48,7 29,46 27,7 29,18 47,5 29,54 93,4 30,57 232,5 30,85

sive + adaptive combinations it can be seen that 
the impact of orientation was minimized as other 
mitigation solutions are used, which is supported 
by findings in another study (Kaasalainen, 2020). 
The results from the combination solutions show 
that combining the use of passive solutions can 
help further reduce overheating amount in a buil-
ding

7.2.2 ONE-BEDROOM   
  APARTMENT
The one-bedroom apartment has two zones; li-
ving room and bedroom. Table 8 and 9 show the 
amount of overheating (measured by the num-
ber of degree hours over 27°C) for all the diffe-
rent modelled cases of the living room and bed-
room. The 1-BR living room was the most severely 
overheating zone out of all studied apartments, 
reaching 13 978°Ch over 27°C in the base case 
for current Helsinki climate. The bedroom was 
overheating much less compared to the living 
room, reaching 8912°Ch in current Helsinki cli-
mate. For the current and future Jyväskylä clima-

te, overheating followed the same trend as in the 
studio apartment, being slightly lower in the cur-
rent Jyväskylä climate and increasing in the future 
scenarios. The highest amount of degree hours 
was found in Jyväskylä 2100 climate, 16 105°Ch 
and 10 822°Ch in the living room and bedroom 
respectively. The living room overheated on ave-
rage 34% more than the bedroom across all the 
different solutions, however in the most effective 
strategies (daytime natural ventilation and natural 
ventilation with temperature control), the bed-
room overheated more. Results are discussed in 
more detail below.

Blinds
The use of blinds had generally similar effects 
in the 1BR apartment as in the studio apartment 
discussed above. However, the blinds with sun 
control were found to be less effective in the 1-BR 
living room, which might be due to the more 
unfavorable orientation of the 1-BR apartment. 
In the base case, the 1-BR apartment is facing 
South-West, which is the orientation most asso-
ciated with overheating, as evening sun is able to 
enter into the apartment. The same effect was ob-
served in maximum temperatures, as blinds with 
sun control would result in higher temperatures 
in the 1-BR living room compared to the studio 
apartment, when comparing to the base case ma-
ximum temperatures for the zones. The bedroom 

Table 8. Degree hours and maximum temperatures for all the simulated cases in the one-bedroom livingr oom Table 9. Degree hours and maximum temperatures for all the simulated cases in the one-bedroom bedroom
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was overheating significantly less than the living 
room in the base case scenario, and therefore 
was also able to reach lower amounts of over-
heating with the use of blinds. The use of exter-
nal blinds closed was able to reduce overheating 
significantly in the bedroom in the Jyväskylä 2012 
climate, only exceeding the threshold of 150°Ch 
by 2,5°Ch. Similarly to the studio apartment, ex-
ternal blinds were able to keep maximum tempe-
ratures under 32°C in both the 1-BR living room 
and bedroom.
 

Glazing
The improvements in window g-value were found 
to be less effective in the 1-BR living room com-
pared to the studio apartment, as absolute reduc-
tion of degree hours was lower even though 
the amount of degree hours was higher in the 
base case scenario. For example, in the current 
Helsinki climate, the g-value of 0,34 was able to 
reduce the degree hours in the studio apartment 
by 4272°Ch, while only 3477°Ch in the 1-BR li-
ving room. This might be due to differences in 
the causes of overheating in the apartments. 
For example, the 1-BR apartment had more so-
lar protection in the base case scenario, as it was 
shaded by nearby trees and its balcony structure, 
while the studio apartment did not have any so-
lar protection. This indicates that overheating in 
the 1-BR living room is not only caused by solar 
radiation, but also other factors such as internal 
gains or insufficient ventilation. Improvements 
in solar protection are therefore less effective in 
mitigating overheating in the 1-BR living room. In 
the bedroom, the effect (in %) of g-value impro-
vements was similar to the studio apartment.

Fixed shading
Horizontal and frame shading was approximately 
only half as effective in the 1-BR living room as 
in the studio apartment. The differences are most 
likely due to the same reasons as for the g-value 
improvements. In the bedroom, effects of the dif-

ferent shading options (in %) were once again si-
milar to the studio apartment.

Natural ventilation
The three different natural ventilation solutions 
were equally effective in the 1-BR living room as 
in the studio apartment, as they both had big ven-
tilation openings (balcony door). The bedroom 
however, did not perform as well, due to having 
a smaller ventilation opening. Even though over-
heating was much lower in the bedroom in the 
base case scenario, only day-time ventilation was 
able to consistently reduce degree hours below 
150°Ch. Natural ventilation with temperature 
control, which was very effective in the studio and 
1-BR living room, was only able to reduce degree 
hours to acceptable levels in the bedroom in the 
Jyväskylä 2012 climate. Maximum temperatures 
in both the livingroom and bedroom were effecti-
vely lowered, as in the studio apartment. 

Orientation
Changing the orientation of the site had obvious-
ly different effects for the different apartments, as 
the starting points were different. All of the test-
ed alternative orientations were able to reduce 
degree hours in the 1-BR apartment. The least 
overheating orientation for the 1-BR apartment 
was Orientation 3, which translated to the 1-BR fa-
cing North-East. It correlates with the results from 
the studio apartment, which also had least over-
heating while facing NE. The bedroom was able 
to reduce degree hours up to 77% in the current 
Jyväskylä 2012 climate.

Combinations
The passive and passive + adaptive combinations 
were less effective at reducing degree hours in 
the 1-BR livingroom than in the studio apartment, 
which could be expected based on results from 
the single solutions (g-value and fixed shading). 
As in the single solutions, the passive and passi-
ve + adaptive combinations were more effective 
in the bedroom zone. Similar to the studio apart-

ment, the adaptive combination was the most 
effective overheating measure, reducing degree 
hours to acceptable levels in both the living room 
and bedroom in all climate scenarios except Jy-
väskylä 2100. Only combinations with adaptive 
measures were able to lower maximum tempe-
ratures in the living room below 32°Ch. In the 
bedroom, approximately half of the combination 
solutions were able to do the same. As found in 
the results from the studio apartment, the use of 
combination strategies would reduce the effect 
of orientation.

7.2.3 TWO-BEDROOM  
  APARTMENT
The two-bedroom apartment has three zones; 
living room, bedroom 1 and bedroom 2. The 
two-bedroom apartment was the least over-
heating apartment as a whole, despite being on 
the top floor and most exposed to sunlight as no 
surrounding structures or trees were oversha-
dowing it. The results suggest that larger apart-
ments are better able to mitigate overheating 
than smaller ones. Tables 10, 11 and 12 show the 
amount of overheating and maximum temperatu-
res in the different zones for all modelled cases. 

TWO-BED	LIVINGROOM Helsinki	2012 Jyväskylä	2012 Jyväskylä	2030 Jyväskylä	2050 Jyväskylä	2100
ºCh>27 Max	ºC ºCh>27 Max	ºC Ch>27 Max	ºC Ch>27 Max	ºC Ch>27 Max	ºC

	Base	case	(W) 9179,6 41,83 6878,4 39,39 7800,4 40,07 8363,8 40,42 10457,1 41,58
Blinds	internal	closed 1821,9 32,82 1023,5 31,6 769,6 32,24 1931 32,65 3536,7 33,94
Blinds	internal	sun 4605,5 35,83 1586,1 33,99 4057,8 34,61 4593,4 34,88 6674,8 36,25
Blinds	external	closed 544,2 31,36 157,8 29,1 349,7 29,71 567,7 30,19 1718,3 31,55
Blinds	external	sun 3043 33,95 2162,4 32,33 2850,7 32,84 3392,4 32,6 5361,8 34,52
g-value	0.38	U-value	0.6 6516,9 38,52 4701,5 36,11 5499,3 36,17 6029,2 37,12 8000,4 38,26
g-value	0.34	U-value	0.6 5568,5 37,63 3968,7 35,23 4739,3 35,85 5233,7 36,17 7114,5 36,8
Natural	ventilation	PI 77,2 30,77 42,8 30,63 70,8 31,08 131,4 32,63 293,8 32,84
Natural	ventilation	Night 772 35,4 458,6 32,35 562,4 32,83 621,7 33,04 877,9 33,8
Natural	ventilation	Day 100 30,47 17,6 30,01 36,2 30,58 72 31,1 343,7 32,76
Orientation	1	(S) 8813,1 40,16 7272,4 38,19 8152,3 38,63 8735,8 39,06 10832 40,3
Orientation	2	(E) 9426,7 39,76 7085,5 37,91 8008,9 38,6 8578,3 38,95 10625,5 40,03
Orientation	3	(N) 4410,3 34,63 3011,2 34,21 3757,9 34,94 4282 35,16 6253 36,44
Fixed	shading	horizontal 7725,7 40,84 5696,9 38,01 6529,7 38,69 7076,6 39,1 9117,9 40,27
Fixed	shading	fins 8165,2 41,08 5996,6 38,49 6880 39,09 7422,6 39,49 9478,6 40,7
Fixed	shading	frame 7408,6 40,5 5396,1 37,84 6214,8 38,47 6757,9 38,81 8766,8 37,73
Passive	Combo	(W) 4483,2 36,9 3120 34,14 3860,2 34,78 4365,2 35,12 6186,8 36,37
Passive	Combo	O1	(S) 3654,7 35,1 2910,8 33,34 3538,8 33,86 4067,9 34,28 5855,7 35,45
Passive	Combo	O2	(E) 4319,7 35,03 3117,7 33,95 3677,5 34,39 4171,6 34,67 5976,8 35,62
Passive	Combo	O3	(N) 1848,7 32,56 1370,1 31,73 1729,8 32,03 2138,8 32,48 3777,8 33,66
Passive+Adaptive	Combo	(W) 2367,9 33,44 1716,1 31,93 2306,5 32,48 2778 32,9 4597,1 34,23
Passive+Adaptive	Combo	O1	(S) 2676,8 33,6 1970,6 32,06 2569,4 32,6 3020,7 32,98 4807,2 34,31
Passive+Adaptive	Combo	O2	(E) 2197,4 32,72 1568,1 31,48 2153 32,1 2631,9 32,44 4339,2 33,74
Passive+Adaptive	Combo	O3	(N) 1593,6 32,25 1033,4 31,28 1542,5 31,83 1946,2 32,26 3553,4 33,48
Adaptive	combo 29,4 29,55 20,3 29,14 47,5 29,6 76,7 30,93 182,5 31,13

Table 10. Degree hours and maximum temperatures for all the simulated cases in the two-bedroom living room
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Out of the three zones in the base case scena-
rio, the living room was overheating the most at 
9180°Ch over 27°C, followed by bedroom 1 at 
6647°Ch and lastly bedroom 2 at 5358°Ch, in 
the current Helsinki climate. The 2-BR apartment 
behaved similarly to the studio and 1-BR apart-
ments in the current and future climates of Jyväs-
kylä, overheating less in 2012 and increasingly in 
the future scenarios. Although the 2-BR was the 
least overheating apartment in terms of degree 
hours, the maximum temperatures were relatively 
higher in all the zones, most likely due to the high 
solar exposure of the apartment.

Blinds
The use of blinds in the 2-BR apartment was 
able to reduce degree hours to acceptable le-
vels in more of the cases than in any of the ot-
her apartments, as both bedrooms were able to 
reach acceptable levels of degree hours with the 
use of external blinds always closed in the clima-
te scenarios of Jyväskylä 2012, 2030 and 2050. 
However, the base case amounts of overheating 
was already lower in these zones. The living room 
responded similarly to the use of blinds as the 
1-BR bedroom, reducing degree hours effective-
ly especially with external closed blinds, however 
still exceeding the 150°Ch limit in all cases. The 
use of blinds was also able to reduce maximum 
temperatures under 32°C in several of the cases 
(see tables 10, 11 and 12), even with the use of in-

TWO-BED	BEDROOM	1 Helsinki	2012 Jyväskylä	2012 Jyväskylä	2030 Jyväskylä	2050 Jyväskylä	2100
ºCh>27 Max	ºC ºCh>27 Max	ºC Ch>27 Max	ºC Ch>27 Max	ºC Ch>27 Max	ºC

	Base	case	(W) 6646,8 40,98 4762,6 38,57 5544,4 39,27 6013,1 39,65 7820,9 40,9
Blinds	internal	closed 1008,6 33,37 474,5 31,32 769,6 31,87 1022,5 32,32 1658 33,63
Blinds	internal	sun 2362,4 34,52 1586,1 33 2144,6 33,35 2551,1 33,81 4237,3 35,02
Blinds	external	closed 307,2 30,79 55,6 29,01 138,5 29,55 136,4 30,12 931,3 31,5
Blinds	external	sun 1219,6 32,75 823,7 31,2 1231,5 31,83 1588,3 33,31 3109,8 33,38
g-value	0.38	U-value	0.6 4168,8 37,6 2816,7 35,13 3462,5 36,71 3914,1 36,17 5585,4 37,44
g-value	0.34	U-value	0.6 3428,9 36,74 2273 34,2 2868,4 34,85 3274,5 35,23 4880,3 37,36
Natural	ventilation	PI 214,9 32,36 131,2 31,83 208,2 32,26 279,3 34,03 594,9 33,91
Natural	ventilation	Night 872,6 35,74 517 32,66 638,3 33,14 708,1 33,43 1018,6 34,36
Natural	ventilation	Day 193,2 32,06 48,2 31,01 99,6 31,6 162,6 32,13 555,8 33,81
Orientation	1	(S) 5638,7 39,3 4704,1 37,45 5423,3 37,97 5907 38,31 7733,1 39,7
Orientation	2	(E) 5965 38,21 4249,3 36,27 4987,1 36,91 5459,7 37,33 7234,7 38,43
Orientation	3	(N) 1815,4 33,44 1241,1 32,75 1708,7 33,37 2067,3 33,78 3565,1 35,08
Fixed	shading	horizontal 4775,3 39,11 3344,5 36,18 4016,5 36,88 4471,9 37,31 6203,1 38,58
Fixed	shading	fins 5446,5 41,08 3777,8 37,19 4500,1 37,82 4958,5 38,25 6698,5 39,55
Fixed	shading	frame 4527,3 38,72 3080,6 35,91 3730,8 36,57 4182,6 36,95 5876,3 37,73
Passive	Combo	(W) 2361,2 35,55 1474,4 32,68 1995,1 33,33 2380 33,76 3892,8 35,07
Passive	Combo	O1	(S) 1485,9 33,28 1114,8 32,01 1546,8 33,86 1925,2 34,28 3351,7 35,45
Passive	Combo	O2	(E) 1911,3 33,43 1457,7 31,95 1765,8 34,39 2105,9 34,67 3484,9 35,62
Passive	Combo	O3	(N) 568,7 31,13 409,6 30,52 549,6 32,03 772 32,48 1868,2 33,66
Passive+Adaptive	Combo	(W) 974,6 32,31 651,8 30,96 999 31,54 1308,1 31,91 2661,4 33,42
Passive+Adaptive	Combo	O1	(S) 1074,4 32,42 743,1 31,18 1092 32,6 1401,7 32,98 2731,5 34,31
Passive+Adaptive	Combo	O2	(E) 737,6 31,41 460,8 30,34 764,1 32,1 1062,4 32,44 2261,6 33,74
Passive+Adaptive	Combo	O3	(N) 511,7 30,95 262,5 29,68 491,6 31,83 707,9 32,26 1780,3 33,48
Adaptive	combo 50,5 29,84 26,2 29,28 47,1 29,6 98,5 30,93 241,3 31,13

ternal blinds, which were not able to do so in the 
other apartments. As mentioned above, the 2-BR 
apartment had the most solar exposure out of 
studied apartments due to being on the top floor, 
which may be the reason why solar protection in 
the form of blinds was so effective at reducing 
overheating. It must be remembered, however, 
that the starting point amounts of overheating 
were lowest in the 2-BR apartment, and therefore 
acceptable amounts of degree hours were easier 
to achieve.

Glazing
The effects of g-value improvements were mainly 
similar to the studio apartment, i.e. being slightly 
more effective than in the 1-BR apartment, most 
likely due to differences in solar exposure. The lo-

wer g-value glazing (0.34) was able to halve the 
degree hours in the bedrooms.

Fixed shading
In the living room, fixed shading was not as effe-
ctive as in most of the other zones, due to having 
existing balcony structure that minimized the be-
nefits of added fixed shading, as was also found 
in the 1-BR livingroom. In the bedrooms, the fixed 
shading options were more effectively able to 
reduce degree hours, results being comparable 
to the studio and 1-BR bedroom, as the more ef-
fective options (horizontal and frame) were able 
to reduce degree hours by approximately a third 
from the base case. The fins were also the least 
effective shading option out of all thee, as was 
found in all other zones as well.Natural ventilation

TWO-BED	BEDROOM	2 Helsinki	2012 Jyväskylä	2012 Jyväskylä	2030 Jyväskylä	2050 Jyväskylä	2100
ºCh>27 Max	ºC ºCh>27 Max	ºC ºCh>27 Max	ºC ºCh>27 Max	ºC ºCh>27 Max	ºC

	Base	case	(W) 5358,3 40,2 3683,2 37,75 4413,5 38,49 4878,3 38,88 6641,8 40,17
Blinds	internal	closed 732,1 34,06 276,2 30,73 488,6 31,3 683,4 31,76 1658 33,11
Blinds	internal	sun 1692,3 34 1070,6 32,38 1533,7 32,94 1890,7 33,25 3419,4 34,59
Blinds	external	closed 213,9 30,26 21,4 28,45 68,8 29,01 136,4 29,59 624 31,02
Blinds	external	sun 831 32,26 513,3 30,7 819,9 31,33 1101,3 32,34 458,6 32,95
g-value	0.38	U-value	0.6 3158,5 36,92 1998,5 34,4 2581,6 35,78 2994,6 35,51 4592,5 36,81
g-value	0.34	U-value	0.6 2538,7 36,06 1569,8 33,53 2085,8 34,2 2445,1 34,6 3960,5 36,56
Natural	ventilation	PI 184,3 32,11 105,1 31,55 171,5 31,99 244,7 33,72 523,5 33,66
Natural	ventilation	Night 739,3 35,14 425,9 32,1 621,7 32,63 600,1 32,89 880,8 33,86
Natural	ventilation	Day 148,6 31,72 37,5 30,73 76,6 31,32 126,1 31,86 446,8 33,54
Orientation	1	(S) 4677,7 38,73 3854,8 36,81 4545,9 37,34 5020,7 37,69 6796,3 39,11
Orientation	2	(E) 4990,1 37,78 3499,1 35,66 4191,2 36,34 4645 36,77 6364,7 37,93
Orientation	3	(N) 1298,3 32,65 879,5 32,17 1271,9 32,73 1585,4 33,17 2932,1 34,52
Fixed	shading	horizontal 3713,2 38,42 2474,8 35,43 3089,6 36,14 3522,5 36,59 5188,8 37,89
Fixed	shading	fins 4398,7 39,2 2903,4 36,55 3575,1 37,25 4015,4 37,68 5716,9 38,98
Fixed	shading	frame 3576,2 38,14 2303,5 35,32 2904,1 36 3325,2 36,4 4962,3 37,73
Passive	Combo	(W) 1691 34,94 946,3 32,11 1372,2 32,73 1700,3 33,16 3077,8 34,53
Passive	Combo	O1	(S) 1133,4 32,95 760,4 31,6 1119 32,1 1452 32,54 2764,6 33,81
Passive	Combo	O2	(E) 1428 32,99 1064,6 31,46 1360,9 31,85 1663 32,2 2931,2 33,47
Passive	Combo	O3	(N) 432,2 30,81 248,2 30,06 385,2 30,18 568,8 30,66 1508,3 31,94
Passive+Adaptive	Combo	(W) 662,6 31,81 391,8 30,53 642,8 31,15 880 31,38 2050 32,95
Passive+Adaptive	Combo	O1	(S) 801,7 32,02 486,7 30,75 771,3 31,26 1017,5 31,59 2218,4 33,05
Passive+Adaptive	Combo	O2	(E) 542,9 31,08 289,8 29,96 528 30,43 774,1 30,92 1835 32,17
Passive+Adaptive	Combo	O3	(N) 383,5 30,62 159,8 29,4 331,8 29,99 505,7 30,47 1411 31,84
Adaptive	combo 38,4 29,56 17,6 28,98 34,4 29,42 84,2 30,65 201,5 30,89

Table 11. Degree hours and maximum temperatures for all the simulated cases in the two-bedroom bedroom 1 Table 12. Degree hours and maximum temperatures for all the simulated cases in the two-bedroom bedroom 2
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Natural ventilation was the only single solution 
reducing degree hours in the livingroom to ac-
ceptable levels (<150°Ch), as was also found in 
the living rooms of the other apartments. The 
bedrooms were not as responsive to natural ven-
tilation, and results were similar to the 1-BR bed-
room, confirming that smaller ventilation windo-
ws were not as effective at cooling the air in the 
zones. As in the other apartments, NV was effec-
tive at reducing maximum temperatures in all of 
the zones.

Orientation
The 2-BR apartment was the only apartment that 
would overheat more in some of the tested orien-
tations. For example, in Orientation 1 (South), 
degree hours in the living room and bedroom 2 
increased slightly for all of the Jyväskylä clima-
tes. Interestingly in the Helsinki climate however, 
degree hours were reduced in all the zones in 
Orientation 1 (South). The effect could possibly 
be caused by differences in solar angles between 
the two locations, however with the information 
available from this study, it could not be conclu-
ded with certainty. Orientation 2 (East) also cau-
sed a slight increase in degree hours in the living 
room in all climate scenarios, however oppositely 
caused a slight decrease in the bedrooms. Simi-
lar to the 1-BR apartment, Orientation 3 (North) 
was the most effective at reducing degree hours 
in the 2-BR apartment, and reductions in degree 
hours were similar to the 1-BR apartment, redu-
cing approximately 50% in the living room and 
70% in the bedrooms. None of the orientations 
were able to reduce maximum temperatures un-
der 32°C in any of the zones in the 2-BR apart-
ment.

Combinations
The combination strategies were particularly effe-
ctive in reducing degree hour in the 2-BR apart-
ment, as even the Passive combination with North 
orientation was able to reduce degree hours by 
80%—92% depending on the zone in the Helsinki 

climate. Although the impact of orientation was 
minimized in the combination solutions, as was 
found in the other apartments, Orientation 3 
(North) clearly gave the best results out of the Pas-
sive and Passive+Adaptive combinations. Similar-
ly to the other apartments, the difference in the 
Passive and Passive+Adaptive combinations was 
found to be small, especially in the best orienta-
tion (North). None of the passive combinations 
were able to reduce degree hours to acceptab-
le levels, however maximum temperatures were 
reduced effectively, especially in the bedrooms. 
The Adaptive combination was the only combina-
tion able to eliminate overheating in all zones and 
climates except Jyväskylä 2100. 

No combination or single solution was able to mi-
tigate overheating in the Jyväskylä 2100 climate, 
however buildings we build today might still be 
standing then.

8. CONCLUSIONS
In Finland, the most impactful changes in our 
climate terms of building overheating are tem-
perature rise and the increase of heatwaves. As 
temperature rise in Finland is double the global 
mean average, adaption to higher temperatures 
will have to be done more rapidly, if we want to 
ensure our buildings stay healthy in the future. 
Hotter summer temperatures combined with the 
characteristic Nordic long summer days are ma-
king our building stock especially vulnerable to 
climate change, and therefore more research on 
the topic would be advisable. Climate change mi-
tigation can prevent some of the adverse effects 
of global warming, however even in the best case 
future scenarios, temperatures will continue to 
rise from today’s levels, and therefore adaptation 
should also be adopted as part of the building 
sectors future plans.

If no passive measures to mitigate overheating 
are used, cooling energy consumption will start 
to increase, and goals of reducing total energy 
consumption may be compromised. The relian-
ce on mechanical cooling also raises questions 
of energy poverty, and while not considered a 
significant issue in Finland today, rising electricity 
cost and consumption may increase the amount 
of vulnerable people in the future. As passive 
measures can reduce or even eliminate cooling 
need in Finnish buildings, they should always 
be considered first, before the implementation 
on mechanical cooling. The use of passive over-
heating mitigation measures helps to protect the 
most vulnerable populations, as well as impro-
ving the resilience of our building stock in case of 
future climate extremes or even possible power 
outages.

Considering the current residential building 
stock as a whole, more energy efficient buildings 
are being built today than ever before, and wi-

thout consideration of sufficient solar protection 
and other mitigation measures, the buildings may 
be at higher overheating risk compared to the ol-
der building stock. Most of the estimates current-
ly are based on simulations, however getting ac-
tual measurement data from real buildings could 
help give us a clearer picture of reality. Conduc-
ting field surveys and measurements could be a 
valuable tool in determining what the risk factors 
and mitigating elements in actual buildings are in 
reality. Different types of residential buildings will 
face different challenges through climate chan-
ge. Detached houses in more rural parts of the 
country are more vulnerable to energy poverty 
if cooling needs increase, as cooling may beco-
me a large part of total energy consumption, and 
cheaper options for cooling, like district cooling, 
may not be available. Apartments in housing 
blocks on the other hand, are more at risk of over-
heating itself, due to often being of smaller size 
and in cities where Urban Heat Island-effect can 
further increase temperatures.

The way in which we currently evaluate building 
overheating, does not include considerations of 
extreme weather or future climates. Further stu-
dies on how our residential buildings behave in 
these scenarios could help us get valuable infor-
mation on what can be done to avoid overheating 
even in extreme conditions. As increasing heatwa-
ves are one of the biggest climate change risks in 
terms of serious impacts on health, it is important 
that they are also considered in the design of 
buildings. The use of future climate scenarios can 
help us evaluate the resilience of our buildings, 
as many buildings built today will still be in use 
at the end of the century when the climate may 
be very different to today. The current summer-
time temperature calculations require a use of 
standardized occupancy and internal gains. The 
way in which different occupants use their homes 
can, however, vary greatly and can also have an 
impact on summertime overheating degree. Furt-
her studies on the impact of occupancy patterns, 
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especially within vulnerable groups, could also 
give us more accurate information on how well 
the standardized use is able to represent actual 
occupancy.

Results from the case study simulations showed 
that overheating in buildings will most likely inc-
rease in the future. All of the studied apartments 
were overheating in the base case scenario, ho-
wever, some of the passive mitigation strategies 
were able to eliminate overheating (i.e. reduce 
degree hours under 150°Ch), in all other clima-
te scenarios except Jyväskylä 2100 climate. The 
findings highlight that effective mitigation strate-
gies in today’s climate might not be enough by 
the end of the century, and additional measures 
might be needed. Differences between the mo-
delled apartments showed that each case should 
be evaluated separately, as size, orientation, po-
sition within the building, surroundings, and win-
dow size had an impact on how the apartments 
behaved in the base case and how they respon-
ded to different mitigation solutions. 

Adaptive mitigation strategies were found to be 
the most effective (natural ventilation and blinds), 
being the only single measures able to elimina-
te overheating in some of the cases. The use of 
adaptive measures can also ensure better com-
fort for the occupants as they are able to some 
extent control the temperatures in the dwellin-
gs, depending on preference. The downside to 
adaptive strategies is that their effectiveness is 
largely up to the occupants, and it can be diffi-
cult to evaluate in simulations as they may give 
overly positive results. Additionally, vulnerable 
occupants might not be able to/ might forget to 
use the adaptive solutions, which can in turn lead 
to increased overheating. Most homes in Finland 
already have some type of internal blind system 
and ventilation windows, however the results 
from the study indicated that these could be fur-
ter improved. The typical ventilation windows in 
the bedrooms were not as effective as the big-

ger balcony doors at reducing overheating, and 
as lower temperatures are especially important in 
bedrooms, increasing the size of bedroom ven-
tilation windows could help to improve thermal 
comfort. Results from the study also showed that 
external blinds were more effective at reducing 
overheating than internal ones, and by switching 
to external blinds occupants would have more 
freedom in their use as blinds could be held open 
more without increases in overheating.

Although not as effective at reducing overheating 
as the adaptive solutions, passive solutions (gla-
zing improvements, fixed shading, orientation) 
were also able to reduce degree hours in varying 
degree depending on the case. Combining of 
the passive measures was especially effective, 
reducing degree hours by up to 90% in some 
of the zones. The use of static passive measures 
that do not need to be operated in order to work, 
can be especially important in protecting vulne-
rable households from excessive heat. Ultimate-
ly, a combination of both adaptive and passive 
mitigation strategies could be the best solution 
in order to ensure extreme overheating does not 
occur even in vulnerable homes, however allo-
wing adjustments to be made to achieve optimal 
temperatures.
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