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Todayôs outline  

Å Overview of a building in a life cycle perspective 

Å Energy use for operating different kinds of buildings 

Å Space heating 

 ï Key parameters influencing space heating demand of a 

 building 

Å Hot water (tap water heating) 

Å Ventilation 

Å Lighting and appliances, electronics, office equipment 

Å Building codes and energy standards 

Å Role of building energy simulation 

Å Energy balance 

 



Life cycle stages of a typical building 

Source: Adapted from www.streamlinedesign.ca 



Life cycle energy-use of a typical building 

 

 

 

 

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

standards in a life cycle primary energy perspective. Energy and 

Buildings. 43, 1589-1597. 



Life cycle energy-use of a typical building 

 

 

 

 

 

Source: WBCSD (2008) Energy Efficiency in Buildings Facts & Trends.  

Full  report 

Building operation energy use - significant 



Energy use in the operation stage of a building 

 

Å Energy use for operation can be grouped into 4: 

 

 ï Space heating (Radiatorvärme) 

 

 ï Domestic hot water /tap water heating  (Varmvatten) 

 

 ï Electricity for ventilation fan and pumps (ventilationsfläkt och 

 pumpar) 

 

 ï Electricity household and facility (Hushållsel och Fastighetsel) 

 

 



Building operation energy use breakdown 

 

 

 

 

Source:  Lapillonne et. Al 2014. Energy Efficiency Trends  

for households in the EU 



Operation energy use for residential buildings in US (2009) 

 

 

 

 

Source: http://buildingsdatabook.eren.doe.gov/ChapterIntro2.aspx 

Building operation energy use breakdown 



 

 

Source: IEA 2013 

Operation energy use for residential buildings in China (2005) 

Building operation energy use breakdown 



Final operation energy use for a typical miljonprogrammet 

building built in 1960s / 1970s 
 

 

Final operation energy use (kWh/m²) 

125 
40 

20 

35 

Space heating

Tap water heating

Services

Household electricity



Final operation energy use for a recent building  

built in the 1990s 
 

 

Final operation energy use (kWh/m²) 



Final operation energy use for a typical new building  

completed in 2014 
 

 

Final operation energy use (kWh/m²) 
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Final operation energy use for typical old and new 

Swedish building compared to a low-energy building 

Source: Karlsson and Moshfegh (2007) A comprehensive investigation of a low-energy building  

in Sweden. Renewable Energy Volume 32, Issue 11 2007 1830 - 1841 



Important notes 

 
ÅA building has different life cycle stages 

 

ÅOperation (use) stage account for the biggest energy 

use in the life    cycle of a typical building 

 

ÅSpace heating account for the largest share of the 

    operation energy use in todayôs buildings 
 

 

 



Energy balance of the building as a system 

 

 

Source: Adapted from http://nesa1.uni-siegen.de/wwwextern/idea/keytopic/3.htm 



 

 

Source: Boverket (2011)  

Energy balance of the building as a system 



Energy (heat) losses/ emitted in a building óósystemôô 

 

ÅTransmission losses 
ü Losses due to heat flows through the building envelope systems (wall, roof, floor, 

     foundation, windows, doors, etc.) from inside to outside. 

ÅVentilation losses 
ü Heat losses when there is exchange of inside and outdoor air, to 

     bring fresh air. 

ÅLeakage losses 
ü Heat losses through infiltration and exfiltration 

 

ÅSewage losses 
ü Heat losses as warm goes down the drain 



Example of relative distribution of heat losses in 

Wälluden built in the 1990s in Växjö  



Energy (heat) gain / supply in a building óósystemôô 

ÅSolar gains 
ü Solar irradiations e.g. through windows and other transparent elements. 

 

ÅPersons gains 
ü Heat from persons (metabolism) 

 

ÅWarm water 
ü Heat released into a building from the use of warm water 

 

ÅProcess gains 
ü Heat from lighting and electric appliances 

 

ÅHeating system 
ü Heat supplied by active heating system to maintain the desired 

     room temperature 



Example of relative distribution of heat losses in 

Wälluden built in the 1990s in Växjö  



Definition of energy balance of a building 

 

ÅSystematic accounting of all energy flows (including all 

heat gains and losses) in a building ñsystemò. 

 



Statement of conservation /flow of energy in a ósystemô 

 

Energy gains / supplied = Energy losses / emitted 



Energy balance for the Wälluden building (values in kWh) 



Energy balance for a conventional and low-energy building 

Source: http://nesa1.uni-siegen.de/wwwextern/idea/keytopic/3.htm 

Ventilation 



Importance of energy balance analysis of buildings 

 

ÅTo establish all the energy that can enter or leave a building 

 

ÅTo calculate the heating (or cooling) demand of a building 

 

ÅTo size and design heating (or cooling) systems in a building 

 

  



Key factors which influence a buildingôs (space) heating 

demand 

ÅOutdoor climate 

ÅOrientation 

ÅOpening (window / door) size and type 

ÅSize and shape 

ÅHeat gains 

ÅAppliances 

ÅInsulation 

ÅInfiltration / Airtightness 

ÅAir change rate (ventilation) 

ÅIndoor temperature 

ÅThermal mass of material 

  



Outdoor climate elements ï outside temperature 

  

Outisde temperature for Växjö 

Average data from 1996-2005 
Outisde temperature for Kiruna 

Average data from 1996-2005 



Outdoor climate elements ï solar irradiation 

  

Solar radiation for Växjö 

Average data from 1996-2005 
Solar radiation for Kiruna 

Average data from 1996-2005 



Outdoor climate elements ï wind 

  

Wind velocity for Växjö 

Average data from 1996-2005 
Wind velocity for Kiruna 

Average data from 1996-2005 



Effect of outdoor climate on space heating 

demand for Wälluden 
  



Building specific energy use* limits for BBR 2012 and 

passivhus criteria Energy balance of buildings 

Description Electric heated  Non-electric heated  

Climate zone  I  II  III  I  II  III 

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.  

Source: http://www.boverket.se and http://www.passivhuscentrum.se  



Effects of orientation 

Source: http://www.nachi.org 



Effects of orientation 

ÅSpace heating and cooling demands for different orientations 

 

Source: Persson et al. (2006). Influence of window size on the 

energy balance of low energy houses. Energy and Building, 38. 

p.181-188 

Original orientation 



Effects of building shape and form 

ÅShape factor = Building thermal envelope area 

    Building volume 

 

 

 

 

 

 

 

 

ÅReflects a buildingôs compactness 

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

final energy demand in residential buildings in nordic climates: 

(WREF 2012) 



Effects of shape factor under different outdoor 

temperature 
 

 

 

 

 

 

 

 

 

Å In colder climates the correlation between final energy use and shape 

factor is strong 

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

final energy demand in residential buildings in nordic climates: 

(WREF 2012) 



Heat gains 

 

ÅSolar heat gains depend on: 

 ï Geographical latitude 

 ï Local cloud condition 

 ï Season of the year 

 ï Angle between the sun and building surfaces 

 ï Shading or shelter by near-by objects 



Heat gains 

 

ÅPerson (metabolism) heat gains depend on: 

 ï Number of persons in a building 

üOne person give about 1,2 kWh/day 

üIf a family of 4 - heat gain is 4,8 kWh/day 

 

 ï Occupancy pattern and use of building 

üResidential building? 

üSchool? 

üOffices? 

  




