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Finally… 







A good built environment















Imagine yourself in the most fabulous building in the world. Now 
take away the lighting, heating and ventilation, the lifts and 
escalators, acoustics, plumbing, power supply and energy 
management systems, the security and safety systems … 
… and you are left in a cold, dark uninhabitable shell. Building 
Services “bring buildings to life”.  (CIBSE1) 

Figure 1.1 Venn diagram illustrating the aspects of sustainability or triple bottom line.  

  



"a development that satisfies today's 
needs without compromising the ability of future generations to satisfy their needs".

”States have, in accordance with the Charter of the United Nations 
and the principles of international law, the sovereign right to exploit 
their own resources pursuant to their own environmental policies, 



and the responsibility to ensure that activities within their 
jurisdiction or control do not cause damage to the environment of 
other States or of areas beyond the limits of national jurisdiction.“  





generational goal

A good built environment

A good built environment
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Figure 1.2 The phases in the life cycle of a building (Boverket, 2016). 

Figure 1.3 Development of total energy use for the construction and real estate 
management sector in Sweden (national + imported) with respect to use (Boverket, 2019b).  



Figure 1.4 Development of total energy use for the construction and real estate 
management sector in Sweden (national + imported) with respect to energy types (Boverket, 
2019b).  



1.1.3.1  Basic statist ics regarding energy use,  population and 
building stock in Sweden 

Figure 1.5 Total heated area, million m², of the Swedish building stock in 2005, According 
to type of building (Boverket, 2007).  



Figure 1.6 Number of housing units in 2016 and Year built (Statistics Sweden, 2018). 



Figure 1.7. Number of completed housing units (HU) shown as single-family houses 
(SFH), units in multi-family buildings (MFH) (1938-2017), also shown are demolished housing 
units (1968 2017) and housing units added in converted multi-family buildings in Sweden 
(1993-2017) (Statistics Sweden, 2018).  

1.1.3.2  Indoor environmental  quali ty (IEQ) 



Thermal comfort 



Figure 1.8 Frequencies of measured indoor temperatures during the heating season from 
October 2007 until April 2008 in single-family houses and apartments in multi-family buildings. 
(Boverket, 2009a).  

Indoor air quality 



Figure 1.9 Frequencies of measured air change rates during the heating season from 
October 2007 until April 2008 in single-family houses and apartments in multi-family buildings. 
(Boverket, 2009a).  

1.1.3.3  Energy performance requirements st ipulated in the Swedish 
building code 



1.1.3.4  Material  use 



1.1.3.5  Rating tools 
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Figure 1.10 Overview of the three main phases during a building’s life cycle with activities 
and resources. Focus areas in this thesis are highlighted in bold type. (The size of each box 
is insignificant.)  
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3.2.2.1  Description of  the buildings 





3.2.3.1  Material f lows 

Figure 3.1 Material amounts in kg/m²HA.  



Figure 3.2 Material amounts in kg per apartment (apt).  



3.2.3.2  Energy f lows  

Manufacturing energy 

Figure 3.3 Manufacturing energy in kWh/m²HA.  



Figure 3.4 Manufacturing energy in kWh per apartment (apt).  

Transport energy 

Figure 3.5 Transport energy from factories to building sites in kWh/m²HA.  



Figure 3.6 Transport energy from factories to building sites in kWh per apartment (apt). 

Operational energy 

Figure 3.7 Annual operational energy for buildings A and B.  



Compilation of energy flows 

3.2.3.3  Influence of  al ternative material  choices 







3.3.3.1  Reasons for replacements 



Figure 3.8 Causal chains when replacing a bathtub. 



Figure 3.9 Distribution of categories for replacements of system parts or components. 

3.3.3.2  Attempt to assess service l i fe 



Figure 3.10 Number of observations of replacements (bottom of the bar) compared to total 
number of observations (total bar).  
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Figure 3.11 Quotas between average ages for present stock and average ages on 
replacement.  
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Figure 3.12 Average deviation, u(t) for replacement of radiator valves (case 16).  





Figure 3.13  Life-cycle costs per m2 heated floor area divided into cost types. Household 
electricity is not included. Regarding “Heat” and “Electricity” the entire life span cost is 
included while ”Initial increase” and ”Maintenance” refer to increases compared to the building 
as designed. ”Initial increase” occurs on construction while the other costs occur over the life 
span.  
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Figure 3.14 Measured indoor temperature, Tmeas and calculated Tregr as a function of To, 
daily mean values. Estate 2, 2010 to the left and 2011 to the right. 





Figure 3.15 Median apartment temperatures in January (left), Tout,mean = 3.4 °C and April 
(right), Tout,mean = 7.1 °C. White indicates staircases (without temperature sensors) and 
apartments where temperature registration failed. 



Figure 3.16 Temperature variations January–December for one warm and one cold 
apartment. The dotted lines show the comfort limits according SS-EN ISO 7730:2006. 

Figure 3.17 Contour lines for fifteen-minute measurements of indoor temperature as a 
function of outdoor temperature for all 198 rooms in estate number 2 for a whole year covering 
all seasons. Iso-lines from the outermost to the innermost denote 1 %, 2 %, 5 %, 10 %, 20 % 
and 50 % of the temperatures. The straight lines refer to Swedish legislation (a, b), to 
international standards for thermal indoor climate (c – f) and to outdoor temperature (g).  







Figure 3.18 Monthly mean values and standard deviations for heating months at room 
level, according to apartment size, for the category row houses. The solid lines represent 
living-rooms, the dashed lines bedrooms. (R&K = Rooms & Kitchen). 



Figure 3.19 Duration of temperature differences between living rooms and bedrooms; Bold 
line = bedroom 1, thin = bedroom 2, broken = bedroom 3 and chain = bedroom 4. Objects 8 
and 10, category row houses. (R&K = Rooms & Kitchen). 
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Figure 3.20 Mean temperatures of the 4 nodes on each storey, i.e. the deviations relative 
to a building in thermal balance, basic case (7 storeys) and cases 1–3 (4, 14 and 28 storeys).  
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Figure 3.21 Vertical temperature gradients as a function of outdoor temperature. 
Apartment no. 5. 2017-02-16 2017-02-24.  



Figure 3.22 Vertical temperature gradients as a function of outdoor temperature. 
Apartment no. 8. 2017-03-12 2017-03-20.
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Figure 4.1 Annual energy demand for the six cases in the list above.  
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economic sustainability, 

an economic development that does not have negative 
consequences for ecological or social sustainability





Figure 5.1 Distribution of reasons for replacement of installations for building services.  
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5.2.2.1  The inf luence of  materials on energy needs 



5.2.2.2  Space heating 

5.2.2.3  Venti lation 

5.2.2.4  Communal electrici ty 



5.2.2.5  Behaviour related energy use 

Preferences regarding indoor temperature 

Household electricity 

Window airing 



User interaction with technical systems 

Domestic hot water 







“Thermal comfort is that condition of mind which expresses 
satisfaction with the thermal environment. Dissatisfaction can be 
caused by warm or cool discomfort of the body as a whole, as 
expressed by the PMV and PPD, or by unwanted cooling (or 
heating) of one particular part of the body. 

Due to individual differences, it is impossible to specify a thermal 
environment that will satisfy everybody. There will always be a 
percentage of dissatisfied occupants. But it is possible to specify 
environments predicted to be acceptable by a certain percentage of 
the occupants. …” 

In determining the acceptable range of operative temperature 
according to this international standard, a clothing insulation value 
that corresponds to the local habits and climate shall be used.  

In warm or cold environments, there can often be an influence due 
to adaption. Apart from clothing, other forms of adaptation, such as 
body posture and decreased activity, which are difficult to quantify, 
can result in the acceptance of higher indoor temperatures. People 
used to working and living in warm climates can more easily accept 
and maintain a higher work performance in hot environments than 
those living in colder climates (see ISO 7933 and ISO 7243). 

allagí ésthisi



when a 
household finds it difficult or impossible to ensure adequate heating in the dwelling 
at an affordable price













What materials, material amounts and energy flows can be associated with building 
services installations in residential buildings? 

What are the reasons for replacing building services installations and at what age 
are they replaced? 

What opportunities are there to motivate energy efficiency measures based on LCC 
analyses? 



What are the possibilities of achieving indoor temperatures that are less dependent 
on outdoor temperatures when using feedforward enhanced by feedback to control 
the indoor temperature?  

What distribution and variation of indoor temperatures could be found in residential 
apartment blocks from the 1960s with individual metering and billing of space 
heating costs? 



What annual, monthly and daily differences and variations in indoor temperature 
could be found within and between the residential apartments of different type and 
size? 

What influence does improved insulation have on vertical heat transport and indoor 
temperatures in multi-storey buildings? 

What vertical temperature gradients occur in radiator heated rooms and how do 
they affect temperature measurements in an IMB system? 



Finally… 

Figure 6.1 Illustration showing where the nine studies behind the publications fit in the 
sustainability diagram.  
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The term sustainable… 
sustainable

sustainability
hållbar

Hållbar

bearable viable
equitable

How to find references…. 

How slow some things change… 
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