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Studying climate in Europe, to
develope building  design
criteria, is an involved task.
This is due to the latitude span,
inhomogeneous morphology,
cold/hot waves, Gulf Stream
etc.
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European temperatures change not only with latitude. Especially during
winter, we can roughly distinguish between the East (more continental) and
the West (more oceanic/Atlantic).

Below we see the average monthly temperatures of some European cities
(1961-1990), together with their latitude and elevation.
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The sunshine effect is a direct consequence of the latitude during autumn and
winter. In spring and summer, more sunshine hours in the North and cloudy sky

alter this difference.
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Sunshine duration in Europe (in
hours per year)
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Rain data show a very
variegated profile for Europe.
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All in all, latitude, precipitations
and sunshine effect are concurring

parameters for the study of the
European climate and design.
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Photovoltaic Solar Electricity Potential in European Countries
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Hardiness zones

A hardiness zone is a geographically defined area in which a specific category of
plant life is capable of growing, as defined by climatic conditions, including its
ability to withstand the minimum temperatures of the zone.

o,

B, 5 e £ /
=iy e
e N7 v : 7 L
Reykiwk 3 / . g :
1 b; : 5 | /G \
e > 8 b 3
o ! ,I
- s siche
(ftiacer fshriichar Mimmumtn Thin 3

\ Y Ust- Shehoger 7

9_
8

7_
6_
5_
4_
3

.

-l




(Heating) degree days

Heating degree days are a measure of how much (in degrees), and for how long
(in days), the outside air temperature T_e was below a certain level (the base

temperature T_b):

HDD = 3 (T_b-T_e)

The below plot refers to 12 months, with T_b = 20C.
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GLOBALLY VS LOCALLY

It is not always possible to
generalize climate -> boundary
conditions for a certain region.

The morphology of the area is

crucial: a few km might or might

not matter.
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Outside design temperature

The outside design temperature is
the coldest outside temperature
expected for a normal season on a
statistical basis.

This is defined by the lowest

Kuva L2.1. Sddvyshykkeet.
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Klimazonenkarte

Climate zones - Germany

Four climate zones, based on the
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Climate zones - France

Eight climate zones (resulting from
extended area and complex

morphology).
These are H1, H2, H3 (heating)




Climate zones - Italy
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Precipitation and wind-driven rain

In humid climates, rain is the largest moisture load buildings have to cope with.

Studying how rain determines moisture->mould in a building
structure is non-trivial:

Wind Driven Rain = horizontal component of the rain vector.
Precipitation = vertical component.

For wind velocities beyond 5 m/s, WDR surpasses Precipitation.

The Wind Driven Rain intensit



Precipitation and wind-driven rain

The formula used to describe wind driven rain intensity on a building enclosure is:
grv = (0.2 C, vy cos? ) Irh [kg/(mzs)]

where 0.25<C,.<2 is the WDR factor (a function of type of precipitation,
surrounding environment...); vy the wind speed [m/s]; g, is the average
precipitation intensity [kg/(m?s)]. ¥ is the wind angle with the normal on the
surface.

The product (0.2 C, vy cos¥ ) is called the catch ratio (as a fraction of
measurement in open field). The catch ratio is measured as being highest at

rough surface




Hygroscopic moisture

Namely, the moisture content in a material in equilibrium with RH in the
surroundings. The sorption curve of a material is S-shaped. Hysteresis between

adsorption and desorption: the desorption curve gives higher moisture content
for a same relative humidity.

Too high or too low RH => —1
ption

50 % rel. humidity




Avoiding mould

Main factors determining mould growth:
Outside temperature and Relative Humidity
(RH)

Thermal insulation of the building overall
and of each envelope part

Presence of thermal bridges

Amount of water vapour released indoors

Gv,P



Performance arrays for building physics

Performance metrics were proposed by energy committees at level 1, the
building, and at level 2, the building components.

For building physics:

Level 1, the building:
Heat, air, moisture — Thermal comfort in winter and summer, moisture

tolerance (mould, dust-mites, surface condensation), indoor air quality, energy
efficiency.
Sound - Acoustical comfort, room acoustics, overall sound insulation.




Ventilation requirements

Standardization bodies impose ventilation requirements for everyday use.

For instance, for non-residential buildings, the European standard EN 13779
defines 4 classes according to the ventilation flow per person in I/s (dm3/s).

For non-smoking buildings these are:

IDA1:151/s

Tila / kiyttotarkoitus Ulkoilma- | Ulkoilma- | Poistoilma- | Ainitaso Ilman
virta virta virta Lacgr/ nopeus
La max talvi
(dm*/s)/h1s | (dm’/s)m* | dm’/s dB m/s
Asuintilat: 6
Asuinhuoneet 0,5 28/33* 0,20 *C1 madrays
Keittio #S 8#A 33/38%* 0,20 *C1 madriys
- kéiyttéajan tehostus #S 25 33/38 0,20
Vaatchuone, varasto #S 3 33/38
Kylpyhuone #S 10 #B 38/43 0,20
- kéiyttéajan tehostus #S 15 38/43 0,20
wC #S 7#B 33/38
- kilyttoajan tehostus #S 10 33/38
Kodinhoitohuone #S 8 33 /38 0,30

- kiiyttoajan tehostus #S 15 33 /38 0,30
Huoneistosauna 2 #C 2/m’ #C 33/38

Yhteistilat:
Porrashuone 0,5 1/h 38/43
Varastot 0,35 43 /48
Kylmikellari (myds asunto-
kylmid, jos pinta-ala > 4m?) 43 /48
Pukuhuone 33/38
Pesuhuone 43 /48
Saunan 16ylyhuone 33/38
Talopesula 43 /48
Kuivaushuone 43 /48
Askarteluhuone, kerhohuone 33/38




Net energy demand in buildings: heating

The parameters influencing the annual Net Energy Demand (NED) for heating are:
- Outside climate

NED increases with lower temperature, higher wind speed, more precipitation.
NED decreases with more insolation.

- Building use

NED increases with inside temperature, higher ventilation.

NED decreases with higher internal gains.

- Building design




Energy ranking of residential buildings

Regarding energy efficiency, seven distinct ranks are considered:

G) Insulated building: the only requirement is the average thermal
transmittance U at the envelope and maximum U of the envelope parts.

F) Energy efficient building: the objective is good thermal insulation, correct
ventilation and optimal use of solar and internal gains. A net energy demand
calculation is required, max consumption allowed: 60 MJ/(m3.a) .

E) Low energy building: Normalised energy consumption for heating, cooling, air
conditioning, domestic hot water, lighting. Calculations based on EPDB-
legislation in EU.

D) Passive building: Comparable to low energy buildings, but with higher
restrictions. e.g. the maximum consumption allowed is lowered to 18
MJ/(m3.a). Stricter bounds on U and ventilation are also imposed.

C) Zero energy building: produces as much energy as it is consumed for heating,
cooling, domestic hot water, by lowering the energy consumption as much as
possible and producing the same amount by photovoltaics.

B) Energy plus building: produces more primary energy than used for heating,
cooling, domestic hot water and household.

A) Energy autarkic building: does not depend on fossil fuels and electricity,
producing its own energy from biomass, PV-panels, wind turbines, heat storage
etc.




Energy performance certificate

An assessor visits the property,
examines key items and inputs the
observations into a software
program.
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Energiatehokkuusluvun laskenta

Lammitysenergian kublutus
Kiinteistosahkn kulutus
Jashdytysenergian kulutus

‘Yhisensa

Rakennuksen bruticala

Rakennuksen energiatehokkuuslukul

Toteutuneet energian ja veden kul

Kulutuskohde Kulutus
Lammitysenergia
Kaukoldmpd
Kiinteistdsdhka
Mitattu kiinteistosahkd
Jadhdytysenergia
KaukojdShdytys
Jashdytyssahka
Vedenkulutus
Kokonaiskulutus
Lampiman veden kuluius

oteutuneiden kulutusten muuntami

Vertailupaikkakunta: Lahti

Mormaalivuoden lammitystarveluku ve
Wuoden 2007 lammitystarvelubu vertail
Paikkakuntakchtainen korjauskermoin J
Lammdntuottojdnestelman hydtysuhde:

Lampiman kayttdveden energiamkulutul
0.4 * 5800 * 58 kWhivuosi = 126 921

Lammitysenergian kulutus:
1,08 " (45127 4131) ™ (854 520 - 12

Rakennuksen sisdilmasto seka ilmai

Paingoveimainen iimanvaihto
Koneellinen poistoilmanvaihito
Kaoneellinen tuls- ja poistoilmanvaihto
Lamminjakotapa: Vesipatierit
Imamvaihdon ilmavirrat on mitattu ja to)
Imanwaiht: estelma on puhdistetiu
Imastoinnin kylmalaitteiden kunto ja erf

Larmmitysjarjesteim3 on tasapainotetiu

1028 663 k'Whivuosi
82000 kW hivuosi
KW hivuosi
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Energiatodistus on annettu isannditsijantodistuksen osana.
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Rak . gi (ET-luku, KWhibrm “hvuosi): 21 g

Energiatehokkuusluvun luokitt ikko: Suuret asui k

Energimiodstus perustuy lain raennu sten enarglstodistoksessa (487/2007) Ja 15.5.2007 annattuun yrpdrstiminstenon ssetukssan
Ta Fp—




Summary of these notes

- Building structures must be designed according to the surrounding climate.

- It is very difficult to model the climate on a large scale, due to local differences
which prevent generalizations. Each case must be studied carefully.

- Latitude, precipitations, wind speed and sunshine effect are crucial factors for
design considerations.

Parameters like Heating Degree Days (HDD), outside design temperature and




DATA SOURCES

Weather data:

http://www.weather-and-climate.com

www.ncdc.noaa.gov/cdo-web/search#t=firstTabLink

(excellent for hourly and daily values)



http://www.weather-and-climate.com/
http://www.weather-and-climate.com/
http://www.weather-and-climate.com/
http://www.weather-and-climate.com/
http://www.weather-and-climate.com/
http://www.weather-and-climate.com/
http://www.ncdc.noaa.gov/cdo-web/search
http://www.ncdc.noaa.gov/cdo-web/search
http://www.ncdc.noaa.gov/cdo-web/search
http://www.theweathernetwork.com/statistics/C00438/fixx0002
http://en.wikipedia.org/wiki/Helsinki
http://www.degreedays.net/
http://www.decatur.de/javascript/dew/index.html
http://www.decatur.de/javascript/dew/index.html

