ENERGY BALANCE OF BUILDINGS
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Todayos outl i ne

AOverview of a building in a life cycle perspective
A Energy wuse for operating differe
A Space heating

I Key parameters influencing space heating demand of a

building
A Hot water (tap water heating)
A Ventilati on
A Lighting and appliances, electro
A Building codes and energy standa
A Role of building energy simul at.
A Energy bal ance
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Life cycle stages of a typical building
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Life cycle energy-use of a typical building

PRODUCTION / OPERATION END-OF-LIFE
RENOVATION STAGE STAGE STAGE
- Raw Material Extraction - Space Heating - Demolition
- Manufacture of Materials - Domestic Hot Water - Reuse/ Energy
- Transport of Materials - Ventilation Recovery/Recycling /
- On-site Construction / - Lighting and appliances Disposal
Assembly
Energy system Energy system Energy system

Source: Adapted from Dodoo et al.(2011) Building energy-efficiency

.o.’o:§ . - s standards in a life cycle primary energy perspective. Energy and
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Life cycle energy-use of a typical building

Manufacturing, transport
and construction, 12%

Use, 84% (heating, ventilation,
hot water & electricity)

Maintenance and renovation, 4%

Building operation energy use - significant

. Source: WBCSD (2008) Energy Efficiency in Buildings Facts & Trends.
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Energy use in the operation stage of a building

AEnergy use for operation can be grouped into 4:

I Space heating (Radiatorvarme)
I Domestic hot water /tap water heating (Varmvatten)

I Electricity for ventilation fan and pumps (ventilationsflakt och
pumpar)

i Electricity household and facility (Hushallsel och Fastighetsel)
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Building operation energy use breakdown

Household energy consumption in the EU
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Building operation energy use breakdown

Operation energy use for residential buildings in US (2009)
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Building operation energy use breakdown

Operation energy use for residential buildings in China (2005)
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Final operation energy use for a typical miljonprogrammet
building built in 1960s / 1970s

m Space heating

® Tap water heating

= Services

®m Household electricity

Final operation energy use (kWh/m?)
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Final operation energy use for a recent building
built in the 1990s

M Space heating
M Tap water heating
1 Electricity for household and facility use

M Electricity for ventilation

Final operation energy use (kWh/m?2)
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Final operation energy use for a typical new building
completed in 2014

m Space heating

m Tap water heating

= Electricity for household and facility use
m Electricity for ventilation

Final operation energy use (kWh/m?2)
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Final operation energy use for typical old and new
Swedish building compared to a low-energy building
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Source: Karlsson and Moshfegh (2007) A comprehensive investigation of a low-energy building
in Sweden. Renewable Energy Volume 32, Issue 11 2007 1830 - 1841
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Important notes

A A building has different life cycle stages

A Operation (use) stage account for the biggest energy
use in the life cycle of a typical building

A Space heating account for the largest share of the
operatonener gy us ebuidingst odayos
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Energy balance of the building as a system
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Energy balance of the building as a system
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Energy (heat) | osses/ emi

A Transmission losses

U Losses due to heat flows through the building envelope systems (wall, roof, floor,
foundation, windows, doors, etc.) from inside to outside.

A Ventilation losses

U Heat losses when there is exchange of inside and outdoor air, to
bring fresh air.

A Leakage losses

U Heat losses through infiltration and exfiltration

A Sewage losses

U Heat losses as warm goes down the drain
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Example of relative distribution of heat losses In
Walluden built in the 1990s in Vaxjo

Transmission (46%)
Ventilation (40%)
Sewage(14%)
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Energy (heat) gain [/ suppl)

A Solar gains

U Solar irradiations e.g. through windows and other transparent elements.

A Persons gains

U Heat from persons (metabolism)

A Warm water

U Heat released into a building from the use of warm water

A Process gains

U Heat from lighting and electric appliances

A Heating system

U Heat supplied by active heating system to maintain the desired
room temperature
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Example of relative distribution of heat losses In
Walluden built in the 1990s in Vaxjo

Solar energy through window (25%)

Process energy (10%)

Person energy (6%)
Supplied electricity (2%)
Supplied heat(57%)
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Definition of energy balance of a building

A Systematic accounting of all energy flows (including all
heat gains and | osses) I n a

#% Linneuniversitetet

Kalmar Viixjo



Vel

Statement of conservation /flow of energyina 6 s Y0st e

Energy gains / supplied = Energy losses / emitted

metabolic WA water
SLN
appliances ventilation
hot water leakage

heating transmission

supplied energy /\ energy losses
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Energy balance for the Walluden building (values in kWh)
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Energy balance for a conventional and low-energy building

..--""IIIIII ff
AR —primm R e Fe S RS R A s ---{ Il Heating energy
Building stock [ Solar gains
400 —prmmrmmmes = N
[ Internal gains
a0 - Il Transmission losses
mmm  Ventilation
e 300 - =
E
F—Rtt=1in R EEEE
=
200 - A - D -~ oo
150 —p-=remssaes
100 -
I
I:I —

Sains Losses =ains Losses

2 Linnéuniversitetet o | .
R Source: http://nesal.uni-siegen.de/wwwextern/idea/keytopic/3.htm



Importance of energy balance analysis of buildings

A To establish all the energy that can enter or leave a building
A To calculate the heating (or cooling) demand of a building

A To size and design heating (or cooling) systems in a building
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Key factors whioch
demand

A Outdoor climate

A Orientation

A Opening (window / door) size and type
A Size and shape

A Heat gains

A Appliances

A Insulation

A Infiltration / Airtightness

A Air change rate (ventilation)
A Indoor temperature

A Thermal mass of material
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Outdoor climate elements T outside temperature
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Outdoor climate elements T solar irradiation
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Outdoor climate elements i wind
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Effect of outdoor climate on space heating
demand for Walluden
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Building specific energy use* limits for BBR 2012 and
passivhus criteria Energy balance of buildings

Description Electric heated Non-electric heated

Climate zone I I I | 1 I

BBR 2012 95 75 55 130 110 90

Passive criteria 29 27 25 58 54 50

* Comprises purchased energy for space and water heating,
and electricity for fans and pumps but excludes electricity
for household use.
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Effects of orientation
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Effects of orientation

A Space heating and cooling demands for different orientations

Original orientation
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Source: Persson et al. (2006). Influence of window size on the
energy balance of low energy houses. Energy and Building, 38.
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Effects of building shape and form

A Shape factor = Building thermal envelope area
Building volume

D
: . c JE 7
a8 2 a a % Q %
A B ¢ D
Volume a a 8a’ a
Thermal envelpe 6a’ 7a 24a° 78’

Shape factor 6/a 7/a 3/a 7/a

A Reflectsa buil dingds compactness

Source: Danielski et al. (2012). The impact of the shape factor on

0 e . . " final energy demand in residential buildings in nordic climates:
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Effects of shape factor under different outdoor
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Heat gains

A Solar heat gains depend on:
I Geographical latitude
I Local cloud condition
I Season of the year
I Angle between the sun and building surfaces
I Shading or shelter by near-by objects
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Heat gains

A Person (metabolism) heat gains depend on:

I Number of persons in a building
U One person give about 1,2 kWh/day
u If a family of 4 - heat gain is 4,8 kWh/day

I Occupancy pattern and use of building
U Residential building?
U School?
U Offices?
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