
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SUSTAINABLE RENOVATION AND 
OPERATION OF FAMILY HOUSES FOR 

IMPROVED CLIMATE EFFICIENCY
A CASE STUDY

R i c a r d o  R a m í r e z  V i l l e g a s

Master of Science Thesis
Stockholm 2010



 



  

SUSTAINABLE RENOVATION AND OPERATION OF FAMILY HOUSES 
FOR IMPROVED CLIMATE EFFICIENCY

 

A CASE STUDY

 

 

 

Ricardo Ramírez Villegas

 

 

 

 

 

Supervisor and Examiner: Björn Frostell

 

 

 

 

 

Division of Industrial Ecology

School of Industrial Engineering and Management

Royal Institute of Technology

Sweden 

August 2010

1



Till Jenny och Mika, min älskade familj. 

Division of Industrial Ecology

School of Industrial Engineering and Management (ITM)

Royal Institute of Technology

Sweden

TRITA-IM 2010:33

ISSN 1402-7615

2



Abstract

In the developed world, the existing stock of houses will provide shelter to the majority of 
population in the upcoming years. Houses are physical objects that consume material and 
energy and need to be maintained, repaired and restructured from time to time. In order to 
fulfill the requirements of the Kyoto protocol and be comfortable for their inhabitants, the 
existing stock needs to be renovated. 

Strong disagreement between different parts of the scientific community and overlapping 
and contradictory concepts make the definition of sustainable renovation confusing. In this 
Thesis, therefore, an approach of renovation and operation for higher energy efficiency 
and lower climate impact has been the main focus.

Based on a systems analysis approach, the aim of this work is to develop a manual to 
stimulate house owners to become role models in sustainable renovation and operation of 
family houses, the Thesis providing recommendations to reducing the energy consumption 
of their houses by evaluating cost and benefits of possible actions and choosing the most 
energy and cost effective approach of a series of  alternatives. With the results of  this 
analysis, a sustainable renovation and operation staircase is proposed.

The work found that it is possible develop a staircase manual for sustainable renovation 
and operation of  family houses that follows a logical  step-by-step approach and could 
result in considerable life cycle reductions in both costs and climate impact. The work also 
suggests that it is possible for academic experts to develop material in a simpler form and 
language to reach the public in a more understandable form.

 

Keywords: sustainable renovation, energy savings, CBA, LCCA, sustainable staircase. 
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 1 Introduction
Since the 1990’s there is a tendency in North America and Western Europe where the 
number of buildings to renovate is higher than the number of buildings to be built (Botta, 
2005). According to the European Union (EU, 2002) the existing stock will provide shelter 
for the majority of population of Europe, with no more than a 15% of new buildings until the 
year 2020. This existing stock needs to be renovated in order to fulfill the requirements 
established in the Kyoto protocol.

The concept of renovation is divided into two categories: retrofit and refurbishment. Retrofit 
is to bring a building in concordance with new requirements while refurbishment is to bring 
a building back to  its  original  state  (Alanne,  2004)  Renovation can be defined as the 
“improvements in the quality of the built environment, which are closely linked with needs 
expressed  by  the  actors  concerned  (users),  especially  improvements  in  comfort  and  
reductions in the cost-in-use and maintenance of residential and non residential buildings” 
(Mørck, et al., 2003). 

A house needs to be maintained, repaired, renovated and restructured from time to time; 
sustainable  renovation  is  to  achieve  these  needs  in  concordance  with  the  natural 
environment, the ecology and the social issues (Botta, 2005).

A house is a physical object; it consumes materials, energy, water and other resources, 
and emits water and air pollutants. A house is also a product of a historical period, an 
architectural tendency and other social variants; all these are reasons to see a house as a 
potential target for sustainability (Botta, 2005). The scope of sustainable renovation is to 
make a house healthier and energy and resources efficient, but sustainable renovation is 
understood and implemented differently in each country (Kaklausas, et al., 2008).

According to Botta, (2005), the goals  to achieve a sustainable renovation are:

Environment: 

• Decrease the environmental impacts

• Limit the use of energy and natural resources

Social:

• Be affordable

• Raise the awareness about one owns living place

• Promote sustainable behavior by being a role model

Economic:

• Prolong the houses existing resources

• Maintain (even increase) the real estate value

Strong disagreements among the scientific community and conflictive information make 
the concept of sustainable renovation confusing. The debate is developed in academic 
environments while in the field there is a lack of practical knowledge (Botta, 2005).

The sustainable renovation has no general rules of priorities (Botta, 2005). This leads to 
concepts  that  often  are  overlapping  and contradicting.  According  to  EU,  (2002),  more 
interest is shown in new housing than in renovating the existing stock, both in investigation 
and practice. 
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According to Kaklausas, et al., (2008), the sustainable renovation covers satisfaction of 
different  stakeholders  that  usually  do  not  coincide,  and  information  of  best  practices 
usually do not reach the public. 

Also, “...producers and companies in the building sector may see environmental concerns  
as posing a risk to their productivity, and may tend to hinder changes and innovations  
instead of seeing the possibilities for  improving their  own activities and contributing to 
sustainable development” (Botta, 2005).

Organizations  around  the  world  provide  guidelines  and  support  to  house  owners  and 
general public, like the “Energy Star upgrade manual”; an initiative of the U.S. Department 
of Energy. Guidelines are also available on the web, helping house owners to implement 
sustainable measures. Renowned universities publish their own sustainable guidelines on 
the Internet, and organizations around the globe developed Carbon Footprint Calculators. 

Sustainable renovation is an abbreviation of “Renovation for Sustainable Development” 
(Botta,  2005).  The  Brundtland  Commission  defines  sustainable  development  as  the 
“development that meets the needs of the present without  compromising the ability  of  
future generations to meet their own needs”. Sustainable renovation can be defined as the 
development  to  meet  the  present  situation  of  the  inhabitants  of  a  building,  without 
compromising future generations to meet their needs. This can be achieved taking care of 
the architectural heritage, the cultural perspective and the social situation of the present 
inhabitants, considering the impacts on the environment, the health and comfort of the 
people involved and at the same time being aware of the economical aspects of the house 
owner or the community involved in the project.

This work is not a complete sustainable renovation study due to constraints of time and 
resources. The sustainable renovation needs a deeper analysis in social, environmental 
and  economical  grounds.  This  document  tries  just  to  be  a  contribution  to  approach 
academic  knowledge  to  common  house  owners.  This  thesis  approaches  basically  an 
energy  efficient  renovation  knowing  that  is  an  important  approach  to  sustainable 
renovation (Sittar, 2008) given that energy saving is one of the most favored goals for 
sustainable renovation (Vidén, 2007).

The  document  starts  with  an  explanation  of  sustainable  renovation,  establishing  the 
boundaries of the document and providing the aim and objectives. A description of the 
methodology is given followed by the results, conclusions and recommendations of the 
study.
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 2 Aim and objectives

 2.1 Aim

Based on the assumption that there is a lack of knowledge in the renovation business 
towards sustainable renovation, the aim of this work is to develop a manual that stimulates 
house  owners  to  become  role  models  in  sustainability,  providing  recommendations  to 
improve indoor climate reducing the energy consumption.

 2.2  Objectives

• Describe the problem of the environment and climate impacts of housing
• Describe different options to sustainable renovation
• Describe important barriers to a more sustainable renovation
• Analyze the economic constraints of sustainable renovation by systems analysis.
• Suggest a staircase of sustainable renovation
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 3 Methodology
Environmental,  economical and social  impacts need to be considered when discussing 
sustainable renovation. Systems analysis tools are available to assess different impacts of 
a project.

 3.1 Environmental systems analysis tools

Different environmental systems analysis tools are available. All have different approaches 
and account limited impacts making them available for different project approaches. To 
understand the uses and shortcomings of each tool, a description is given.

 3.1.1 Life Cycle Assessment (LCA)

LCA is a tool to assess environmental impacts and resources used in a product or service, 
from  raw  material  to  disposal  (Finnveden  &  Moberg,  2004)  analyzing  the  potential 
pressure on the environment for the life cycle of a product, identifying improvements and 
choices at a consumer level (Ness, et al., 2006).

According  to  Rebitzer,  et  al.,  (2004) LCA is  a  methodology  to  assess  the  impacts 
attributable to the life cycle of a product to the environment. 

Two points are clear in the definition of LCA; it is a methodology to assess environmental 
impacts, such as climate change, changes on the use of soil, depletion of resources, 
among others and is oriented to products and the materials needed for its production. LCA 
helps decision-makers to identify opportunities to reduce impacts associated with the 
production of a specific product (Pennington, et al., 2004), achieving improvements but 
focused only in environmental impacts, not economics (Beaver, 2000). 

 3.1.2 Material Flow Analysis (MFA)

MFA is a tool to account inputs and outputs in a process or system, estimating its pressure 
on the environment (Sendra, et al., 2007). The analysis is done through selected stages of 
the life cycle to detect inflows and outflows of materials. This tool helps to identify the 
sources of impacts for a production line or a company (Ness, et al., 2007).

The use of this tool varies between industries and regions, optimizing the flows within a 
company  or  production  processes.  For  regions  it  can  be  used  as  a  way  to  improve 
corporate management of material and exploitation, helping to environmental protection 
(Binder,  2006).  This methodology is mostly applied by countries and regions for  social 
aspects and its not being largely implemented by industries (Sendra, et al., 2007).

The difficulty to apply the results, the lack of a general framework, and the high data 
uncertainty make this tool highly complex to implement (Binder, 2006). The need of a huge 
amount of data complicates the output and often the results have no physical meaning 
(Sendra, et al., 2007). 

 3.1.3 Environmental  Impact  Assessment  and  Strategic 
Environmental Assessment (EIA-SEA)

Finnveden, et al., (2007) says that EIA and SEA are change-oriented and procedural tools. 
EIA is an established tool design to scope the environmental impacts of a project. Usually 
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EIA is used to evaluate the potential impacts of large projects; SEA is a tool to evaluate the 
strategic decision involving a project (Ness, et al., 2007).

The scope of SEA is to locate potential impacts on the environment in the early stages of 
planning, developing a strategy at the decision-making level (Finnveden, et al., 2003); SEA 
is by definition an environmental assessment of a policy, plan or program (PPP). This tool 
is a systematic and comprehensive way to evaluate the environmental effects of a PPP 
including the preparation of reports for policy makers (Thérivel, et al., 1996).

SEA covers large areas, mainly countries, which make the collection of data rather difficult. 
SEA projects are more complex than EIA due to higher uncertainty. SEA suffers from lack 
of data and incompatibility between the sources, deals with information at different levels 
and often disregards effects of importance at lower levels because they do not influence 
the politics at higher levels (Thérivel et al. 1996).

 3.1.4 Cost Benefit Analysis (CBA)

CBA is used to evaluate public and private investments by weighting costs and expected 
benefits, selecting a PPP which is efficient in their use of resources. 

CBA is performed by compiling costs and benefits of  a PPP and translating them into 
monetary values (Wierenga, 2003). In connection with sustainability, CBA is an effective 
tool to measure social and economical costs and benefits in connection with accountable 
impacts e.g.  energy and transportation (Ness,  et  al.,  2007).  To analyze a PPP all  the 
aspects must be expressed in a common unit, money being the most favored (Watkins, 
2004).

Comparing  costs  and benefits  often  requires  to  account  goods and services that  lack 
market price (Urban Institute, 2009). The accurate prediction of environmental impacts is 
often problematic, and the estimation of the money value on time lead to hinder effects in 
the future (Wrisberg, et al., 1999). Institutions can account only part of their impacts for 
their  own  benefits,  and  uncertainty  is  difficult  to  include  (Hanley  &  Spash,  1993). 
Sometimes it is difficult to establish what needs to be measured in the analysis (Wierenga, 
2003) and placing a monetary value to human life, ecosystem services and well-being is 
often seen as immoral (Watkins, 2004). 

CBA can account impacts in a time scale, a clear advantage over other Systems Analysis 
Tools (Wrisberg, et al., 1999).

 3.1.5 Life Cycle Costs (LCC)

LCC is an economical approach that sums all the costs of a product process (Ness, et al., 
2007) helping to choose the most cost effective approach from a series of alternatives 
(Barringer, 2003).

Operational costs are usually higher than purchasing costs; LCC shows if an investment is 
justifiable for a long term decision (Barringer, 2003).

According  to  Ellis,  (2007),  LCC  is  a  technique  for  evaluating  total  costs  of  mutually 
excluding  alternatives.  LCC  helps  to  calculate  long  term  costs  (State  of  Alaska  – 
Department of Education and Early Development, 1999). Ellis, (2007) states that realistic 
assumptions can be made evaluating the performance over time of different options with a 
well established time period. Then, LCC results must be presented as Net Present Value 
(NPV) using carefully a discount rate driving to a cradle to grave NPV analysis (Barringer, 
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2003).

According to Ellis, (2007), many stakeholders do not understand the concept and proceed 
to minimize the acquisition costs. Also, when projects are fragmented stakeholders tend to 
hinder their impacts because it is easier to be responsible by their own actions in the total 
costs.

Estimated values may differ from the actual ones and that could lead to forecast errors and 
unreliable  data  distorting  the  real  costs.  Financial  complexity  inhibit  the  LCC 
implementation (Ellis, 2007).

LCC is not an exact science, it is just a tool to bring estimates to help in the decision 
making process (Ellis, 2007).

 3.2 Systems Analysis Tools discussion

The  tools  described  were  developed  to  help  decision-makers  in  assessing  different 
impacts  of  a PPP. According to  Finnveden,  et  al.,  (2005)  the decision context  can be 
described in many dimensions: :

• The actor of the PPP

• The scale of the PPP

• The complexity of the decision

• The uncertainty of the decision

• The timing of the impacts 

• The activity concerned by the decision

• The object of the PPP

• The impacts of interest.

Ness, et. al., (2006) say that the interpretation of sustainability is also of major importance. 
Decision-makers tend to select a tool with results that more closely reflect their political 
tendency and their own interpretation of sustainability.

Table 1. Tools and their relation to their focus. Modified from Finnveden, et. al., (2005).

Impacts Natural resources and 
environmental impacts

Economic aspects 
including natural 

resources and 
environmental impacts

Objects

Policy,  Plan,  Program  or 
Project

SEA and EIA CBA

Region and Nation SEEA included IOA SEEA included IOA

Organization EMS  with  environmental 
auditing

Product/Function LCA LCC
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According  with  the  American  Society  of  Interior  designers  (ASID)  (2008),  Sustainable 
Renovation is “...the design and construction of projects that reduce the environmental  
impacts  of  remodeling,  including  energy...”.  Different  tools  can  be  used  to  assess 
environmental impacts of an activity, but the most suitable for the task of renovation is CBA 
because it weighs cost and benefits of a private investment. Products and functions are 
involved in the activities included, that makes LCC a powerful tool to assess the impacts of 
purchases. According to Finnveden, et al., (2006), combinations of methods can be used 
to provide a more comprehensive picture of the impacts. ASID, (2008) says that CBA is an 
opportunity  to  show how system integration can improve the outcomes and provide a 
greater overall value.  

Due  to  the  characteristics  of  CBA and  LCC  and  the  availability  of  understandable 
guidelines, a combination between these tools is used to show results that improve the 
indoor climate performance and the economy of the project, addressing two of the three 
aspects of sustainability.

 3.3 Description of the selected tool

According to Allenby & Graedel, (2003), CBA is a methodology to evaluate the cost and 
benefits of an action to decide which option is better. The Energy Star program of the US. 
Environmental Protection Agency (EPA) and US. Department of Energy (DOE), (2009), 
developed tools for “Purchasing and procurement” available for free use on the program 
website. The tools ask for the price of different products and, based on assumptions and 
values, perform a LCC calculation for the selected measures and shows costs and savings 
in comparison of different options.

Based on the tools developed by EPA and DOE, it is possible to create a modified version. 
For the purpose of this study, the comparison between two products its not enough, also, 
the assumptions made in the United States of America (USA) are not applicable in Europe, 
and more specifically in Sweden, where the document is being prepared. To perform the 
analysis in the Swedish market, some changes are proposed:

• Compare between multiple options instead of two. 

• Check for the Swedish labor costs and discount rate. 

It is necessary to establish which are the inputs needed for the LCC. The used data is:

• Daily use of the product (hours)

• Energy rates of the source of energy e.g. Oil, gas, electricity ($/kWh)

• Initial cost of the product ($)

• Energy consumption (kWh)

• Lifetime of the product (hours)

• Central bank discount rate (%)

• Labor costs ($/hour)

The analysis starts with a calculation of the annual energy consumption of the product:

Energy Costs per year $ =Energy consumption per year kWh  xEnergy rate $/ kWh (1)

Then the maintenance costs are calculated by:

Maintenance cost per year $ =  Labour cost $ /hour  x labour time hour   P+Purchase cost $  (2)
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The  LCC for  this  purpose  are  the  energy,  purchasing  and  maintenance costs  for  the 
lifetime which are calculated by:

PV $ =PMT / 1+r 1+PMT /1+r 2.. .+PMT / 1+r n (3)

Where:

PV: Present Value of Money ($)

PMT: Payment (Energy cost and Maintenance respectively) ($)

r. Central Bank discount rate

Finally,  indicators  are  developed  to  compare  the  costs  and  benefits  of  the  different 
measures.

Initial cost difference $ = Initial cost1− Intial cost 2  (4)

Life Cycle Savings $ =Energy costs1+maintenance cost1−Energy costs2 +Maintenance costs2 

(5)

Net Life Cycle Savings $ =LCC 1−LCC 2 (6)

Simple Payback of adittional costs  years  =Initial cost diference/anual operations costs2 (7)

Life Cycle Energy Saved kW  =Energy consumption lifetime1−Energy consumption lifetime 2 (8)

Where 1 denotes a traditional product and 2 an alternative solution. With these indicators 
set, it is easy to decide which alternatives suggest to the potential readers of the manual.  

 3.4 Literature review

In  some  steps  of  the  sustainable  renovation,  a  simple  LCC-CBA analysis  cannot  be 
performed due the complexity of the decision.  When the proposed methodology cannot 
be applied the information will be taken from reliable sources available in the literature.
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 4 Results

 4.1 The sustainable renovation staircase

It is difficult to find an established Sustainable Renovation Staircase. EPA and DOE (2004) 
through the Energy Star program states that it is necessary to consider all the aspects of 
heat  flows  in  buildings  as  a  system  to  upgrade  it  maximizing  the  energy  and  cost 
reductions.

The building space as a system can be easily defined as a space that needs to be heated 
(or cooled) to be safe and comfortable to their inhabitants. According to Pakanen and 
Karjalainen (2006) the convective heat balance of an occupied space can be simplified as 

C R

duR  t 

dt
=∑

i

hsi Ai [u i  t −uR  t ]+C f uo  t −C e uR t  +qc  t 
(9)

where h and A denotes the volume of the zone air, CR is the thermal capacitance of the 
zone air, Cf and Ce are the thermal capacitance of the filtration and exhaust air, ui, uo and 
uR are the surface, outdoor and indoor temperature and qc the convective heat loads which 
are

qc  t =q  t +S  t +E  t +O  t  (10)

where q is the heating or the air conditioning, S is the solar radiation, E the lighting and 
electrical equipment and O occupation. (Pakanen and Karjalainen 2006).

Figure 1. Convective Heat balance in a space. 

Kreider, (2001) says that the energy inside the building has to be conserved by the first law 
of thermodynamics which states:

“The quantity of heat required to decompose a compound into its elements is equal in  
magnitude to the quantity of heat evolved when the same compound is formed from its  

elements” (Hall, 2000).

To  maintain  the  desirable  indoor  conditions  and  to  estimate  the  needed  input,  some 
variables have to be considered in the net energy equilibrium:

• Conduction through the building envelope other than ground

• Conduction through the floor

• Heat due to air exchange 

• Heat gains from solar radiation, light, equipment and occupants (Kreider, 2001).
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Many  steps  have  to  be  taken  before  going  through  major  changes  in  heating  and 
ventilation systems to make them more energy efficient and tuned up to ideal conditions. 

It  is  difficult  to  find  a  sequence to  perform a  renovation,  even when  it  is  known that 
systems are more energy efficient when the building envelope is in ideal conditions. In this 
study various measures are considered to improve the climate indoor efficiency, these 
measures are:

• Lighting 

• Electric equipment

• House division

• The building envelope (insulation and fenestration)

• Ventilation 

• Heating system

Also a special  component  called the sustainable behavior  is  considered where simple 
recommendations will be given.

In  the  following  chapter,  different  measures  are  described and analyzed and with  the 
results a sustainable staircase is proposed. 

 4.1.1 Lighting

 4.1.1.1 A brief History

The  history  of  artificial  lighting  is  as  old  as  the  civilization  itself,  it  is  known  by 
archaeological  evidence  that  humans  used  fire  as  a  source  of  heat  and  light. 
Improvements came as human beings became more sophisticated, oil lamps and candles 
were among the most well-known items trough history. In the 18th and 19th century, several 
improvements in lighting were made; gas and kerosene lamps were introduced throughout 
the world, but it was not until 1801 when Sir Humprey David invented the carbon arc lamp 
that electricity was introduced. In the second half of the 18th century Thomas Alba Edison, 
Joseph Wilson Swan among others developed the now widely used incandescent lamp. 
That was the starting point for the electric artificial lighting. During the 20th century, several 
advances  were  achieved  in  electric  lighting,  the  mercury  vapor  lamp,  the  neon, 
improvements on fluorescent and incandescent lamps, the invention of the light emitting 
diode (LED) only to mention some.

 4.1.1.2 Basic concepts

It is important to determine what is needed when using a selected source of light. Lamps 
are designed for different tasks and spaces. The basic concepts of light are quantity and 
quality.

Lamps are normally classified by the amount of Watts. This is a power quantity that brings 
an output  of  lumens.  Lumen is  a  measure of  brightness of  a  source of  light.  Despite 
common belief the higher the power is not the higher the brightness (Turner, 2001). 
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Figure 2. Luminous efficacy. BuyLED's (2009)

Another basic concept is light quality. Despite the luminosity of a lamp, the light also has to 
be measured by quality. Three aspects have to be considered for this; the uniformity of the 
light, the Color Rendering Index (CRI) and the Coordinated Color Temperature (CCT). The 
uniformity is how the light can be spread in a certain area. The CRI describes the capacity 
for the human eye to distinguish colors; the higher the index, the easier to distinguish 
colors. CCT describes the colors of the light source, it is measured in degrees Kelvin (K) 
and is the representation of the color of a black body at a certain temperature (Turner, 
2001).
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Figure 3. Coordinated Color Temperature. Kikbot.org (2009)

Four types of household lamps are the most used, incandescent, compact fluorescent, 
halogen and recently Light Emitting Diode (LED).

Incandescent  lamps  work  passing  a  current  trough  a  tungsten  filament  causing  it  to 
become hot  and glow,  in  the  process,  the  tungsten gradually  evaporates  bringing  the 
filament to failure. 

Compact fluorescent lamps consist of two parts, ballast and bulb. The bulb is filled with a 
low pressure gas which is induced by an electric current producing UV light. A fluorescent 
coating inside the lamp reacts with the UV light producing a visible light.
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Halogen lamps are incandescent lamps with a tungsten filament enclosed in a capsule 
with a halogen gas, gaining higher temperature and increasing the lifetime.

LED's  are  something  called  Solid  State  Light  (SSL)  which  is  a  light  produced  by  the 
induction of electricity trough a solid media instead of a gaseous media. The LED is a SSL 
in which a current is induced trough a diode generating light. 

 4.1.1.3 Analysis

Lighting devices producers have a wide range of products available. This analysis is made 
for  Philips  products  available  in  the  Swedish  market  for  the  year  2009.  For  the  LCC 
analysis a discount rate of 2% was assumed according with the Central Bank of Sweden 
(Riksbank).The price of electricity used for this analysis is 1,11 Swedish Krona (SEK)/kWh 
(Eurostat, 2007).

Table 2. Input Data of lamps with similar Lumens output (Philips, 2009)

Type of lamp

Incandescent Compact-
fluorescent

Halogen LED

Initial Cost per Unit (SEK) 13,00 137,00 39,00 390,00

Power (Watts) 60,00 12,00 42,00 7,00

Lifetime (hours) 1.000,00 8.000,00 2.000,00 45.000,00

Energy consumption (kWh/yr) 65,70 13,14 45,99 7,67

Energy consumption in lifetime (kWh) 2.700,00 540,00 1.890,00 315,00

Developing an analysis the results are:

Table 3. LCC Results for the selected lamps

Type of lamp

Life Cycle Costs (Compared with the longest 
lifetime)

Incandescent Compact-
fluorescent

Halogen LED

Energy Costs (SEK) 3.646,00 729,00 2.552,00 425,00

Maintenance Costs (SEK) 2.245,00 1.129,00 1.834,00 0,00

Total costs (Including purchasing price) 
(SEK)

5.904,00 1.995,00 4.426,00 815,00

The indicators are:

Table 4. CBA results for lighting

Type of lamp

CBA indicators (Compared with the highest LCC) Incandescent Compact-
fluorescent

Halogen LED

Initial Cost Difference (SEK) 0,00 124,00 26,00 377,00

Net Life Cycle Savings (SEK) 0,00 3.909,00 1.476,00 5.089,00

Life cycle Energy saved (kWh) 0,00 2.160,00 810,00 2.385,00

The results  showed that  the prices of  the devices increases with  the lifetime and the 
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energy consumption decreases. In a lifetime the energy saving devices can save up to 
2000 kWh.

 4.1.2 Electric equipment

 4.1.2.1 A brief history

At the beginning of the twentieth century, a woman performed household activities during 
an average of 6 hours per day; cooking was done in wood or coal stoves and laundry was 
a demanding job. Over the nineteenth century several improvements were made in coal 
and wood stoves, but still considerable time was used maintaining the fire. At the end of 
that century, gas stoves and ovens were introduced; gas stoves were smaller, safer and 
did not need special attention to maintain the fire. In the mid 1920's, electric stoves and 
ovens began to be competitive. Today, gas and electric stoves are the most used cooking 
devices in the developed countries (National Academy of Engineering, 2009).

In  the  early  twentieth  century,  the  first  washing  machine  was introduced reducing  the 
washing  time.  In  the  following  years,  fully  automated  machines  were  in  the  market. 
Automatic dryers became popular in the mid twentieth century reducing time for drying 
clothes  and  began  to  be  appreciated  in  temperate  countries  (National  Academy  of 
Engineering, 2009).

During the nineteenth century,  cooling was mainly obtained using ice harvested in the 
winters. Salt, oil and drying were the most popular conservation techniques. In the middle 
of the nineteenth century, Michael Faraday discovered the liquefaction of gases, making 
the  cooling  process  possible  without  harvesting  ice.  At  the  beginning  of  the  twentieth 
century,  refrigerators  appeared  in  the  market,  mainly  using  ammonia  and  other  toxic 
gases. In the decade of the 30's freon was introduced. Nowadays, new technologies are 
available; energy efficient and environmentally friendly devices are available (Association 
of Home Appliances Manufacturers (AHAM), 2005). 

 4.1.2.2 Basic concepts

• Cooking devices: 

According to the Encyclopædia Britannica, (2009), a stove is a “device used for heating or 
cooking”.  Many types of stoves are available in the market. The most common devices 
are:

• Wood stove: Uses wood or coal as fuel to produce heat

• Gas stove: Uses biogas or natural gas as a fuel to produce heat

• Electric resistance stove: Passes electricity through a resistance coil in order 
to produce heat

• Induction stove: Heat an electrical conducting object (e.g. pan) by inducing 
an electromagnetic field (RENESAS, 2008).

Ovens are enclosed spaces where the food is cooked. As stoves, most of the ovens have 
similar ways to heat the space inside. 

• Refrigerator

A refrigerator is a cooler appliance used in almost every home in the developed world. It 
works based on the refrigeration cycle in which a liquid is used to absorb heat. 
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Figure 4. The refrigeration cycle. Encyclopædia Britannica (2006)

First, a compressor compresses a gas, this gas heats up when it is pressurized. When 
flowing to the coils the gas dissipates heat. After liberating heat the gas becomes liquid 
under high pressure, arriving to an expansion valve, this valve allows the high-pressure 
liquid to flow to a low-pressure zone in which the liquid immediately boils and vaporizes, 
dropping  instantly  its  temperature  and  making  the  inside  of  the  refrigerator  cold.  The 
cooled gas is sucked by the compressor and the cycle is repeated (Brain, 2006).

• Washing Machine

A  washer  is  a  device  for  cleaning  clothes  and  linen.  After  loading  the  clothes  and 
detergent, the machine fills the tub with water, starts to heat the water to the preselected 
wash temperature and starts to stir  the clothes around. After  this cycle,  known as the 
washing cycle, the machine drains the washing water and spins the clothes to remove 
most of the absorbed water, then fills again the tub and agitates it in order to rinse out the 
detergent; this is the rinse cycle. At the end comes the drying cycle, in which the machine 
drains the rinse water and spins the tub at hundreds of revolutions per minute  to remove 
most of the water absorbed by the clothes. This cycle is also called centrifugation (Nice, 
2000).

• Dryer

A clothes dryer is a machine that works passing warmed air through the clothes while they 
tumble,  heating  the  clothes  and  taking  away  water  in  the  form  of  vapor  through  the 
exhaust  (Nice,  2000).  Very often,  nowadays,  the water  is  re-condensed in  a  separate 
cooler to minimize humidity problems.

• Dishwasher

A dishwasher is a device that cleans and rinses dirty dishes in the following way: First, the 
machine fills itself with water and heats it, then opens the detergent dispenser and pumps 
water through the jets to clean the dishes. When the cycle is finished, it drains the dirty 
water and proceeds to spray and rinse the dishes with clean water in order to remove the 
remains of detergent and after this cycle it rinses again. Some machines heat air in order 
to dry off the dishes (Gabrianowski, 2006).
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 4.1.2.3 Analysis

• Cooking devices

For stoves an analysis was made for Electrolux products available in the Swedish market. 
The energy prices and the discount rate are the same as used for lighting and will be the 
same through the whole study. An assumption of four hours per day of use for a resistance 
range and two hours per use for induction range was taken.

Table 5. Input Data of ranges and stoves with similar diameters (Electrolux, 2009)

Type of range

Resistance Induction

Initial Cost per Unit (SEK) 6.300,00 9.390,00

Power (Watts) 1.800,00 2.800,00

Lifetime (hours) 14.000,00 14.000,00

Energy consumption (kWh) 4.043,08 2.376,74

Energy consumption in lifetime (kWh) 80.861,54 47.534,00

Energy consumption based in 65% efficiency for resistant ranges and 86% 
efficiency for Induction ranges. Note that  the time for boiling water is 14 min 
and 8 min respectively.

The energy consumption calculations assumed that induction devices need half of the time 
used by resistance appliances to transfer heat to the food cooked and the heat transfer 
efficiency is 65% for resistance ranges and 86% for the induction ones. This shows that 
despite the higher power needed to run induction devices, the high efficiency make them 
cook food faster due that they do not radiate heat but induce an electromagnetic field. The 
values of the LCC are:

Table 6. LCC results for the selected stoves

Type of range

Life Cycle Costs (Compared with the longest lifetime) Resistance Induction

Energy Costs (SEK) 112.196,00 65.955,00

Maintenance Costs (SEK) 7.000,00 7.000,00

Total costs (Including purchasing price) (SEK) 125.495,00 82.345,00

Table 7. CBA results for stoves

Type of range

CBA indicators (Compared with the highest LCC) Resistance Induction

Initial Cost Difference (SEK) 0,00 3.090,00

Net Life Cycle Savings (SEK) 0,00 43.151,00

Life cycle Energy saved (kWh) 0,00 33.327,00

The technology used in heating reduces time and energy consumption, despite of the 
power. Induction ranges have similar efficiency as gas ranges transferring heat.

Analysis for ovens is developed for Electrolux products available in the Swedish market. 
All the options have similar dimensions. A daily use was assumed to calculate the energy 
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consumption per year.

Table 8. Input Data of ovens with similar dimensions (Electrolux, 2009)

Type of oven

Vapor Pyrolytic Warm Air

Initial Cost per Unit (SEK) 17.750,00 15.625,00 8.225,00

Energy consumption per use (kWh) 1,19 0,91 0,79

Lifetime (hours) 14.600,00 14.600,00 14.600,00

Energy consumption (kWh/yr) 434,35 332,15 288,35

Energy consumption in lifetime (kWh) 8.687,00 6.643,00 5.767,00

The analysis showed:

Table 9. LCC for ovens

Type of oven

Life Cycle Costs (Compared with the longest lifetime) Vapor Pyrolytic Warm Air

Energy Costs (SEK) 12.053,00 9.217,00 8.002,00

Maintenance Costs (SEK) 7.000,00 7.000,00 7.000,00

Total costs (Including purchasing price) (SEK) 38.803,00 31.842,00 23.227,00

Table 10. CBA for ovens

Type of oven

CBA indicators (Compared with the highest LCC) Vapor Pyrolytic Warm Air

Initial Cost Difference (SEK) 0,00 -2.125,00 -9.525,00

Net Life Cycle Savings (SEK) 0,00 4.961,00 13.577,00

Life Cycle Energy Saved (kWh) 0,00 2.044,00 2.920,00

Not always the most expensive models are the most energy efficient. In this particular 
case a radiative oven which heats the air is the most energy efficient The thermodynamics 
involved in the different processes can change the way this ovens cooks and operates.

• Refrigerators

Three options were analyzed, side-to-side, combi and 2 doors. All devices are from 
Electrolux and are available at the Swedish market.

Table 11. Input Data of refrigerators with similar capacity (Electrolux, 2009)

Type of refrigerator

Side-by-side Combi Two door

Initial Cost per Unit (SEK) 17.450,00 11.590,00 7.990,00

Power (Watts) 56,10 42,12 37,10

Lifetime (hours) 87.600,00 87.600,00 87.600,00

Energy consumption (kWh/yr) 491,44 368,97 325,00

Energy consumption in lifetime (kWh) 4.914,36 3.689,71 3.249,96
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The results of the analysis are:

Table 12. LCC for refrigerators

Type of refrigerator

Life Cycle Costs (Compared with the longest lifetime) Side-by-side Combi Two door

Energy Costs (SEK) 13.637,00 10.239,00 9.019,00

Maintenance Costs (SEK) 7.000,00 7.000,00 7.000,00

Total costs (Including purchasing price) (SEK) 38.087,00 28.829,00 24.009,00

 

Table 13. CBA for refrigerators

Type of refrigerator

CBA indicators (Compared with the highest LCC) Side-by-side Combi Two door

Initial Cost Difference (SEK) 0,00 -5.860,00 -9.460,00

Net Life Cycle Savings (SEK) 0,00 9.258,00 14.079,00

Life Cycle Energy Saved (kWh) 0,00 1.225,00 1.664,00

Different technologies show different results. The thermodynamics involved in a side-by-
side refrigerator increase the losses leading to more operations of the compressor to take 
the heat out of the refrigerator. A two-door refrigerator have a configuration that minimizes 
the energy consumption.

• Washing machines

Two classes of machines manufactured by Electrolux were compared for the analysis, top 
loaded and front loaded. 

Table 14. Input data for washing machines (Electrolux, 2009)

Type of washing 
machine

Top loaded Front loaded

Initial Cost per Unit (SEK) 6.996,00 5.949,00

Lifetime (hours) 2.080,00 2.080,00

Energy consumption per use (kWh) 1,14 1,02

Energy consumption (kWh) 355,68 318

Energy consumption in lifetime (kWh) 7113,6 6360

Assumptions of 6 uses per week at full load were taken for the Energy consumption.

Table 15. LCC for washing machines

Type of washing 
machine

Life Cycle Costs (Compared with the longest lifetime) Top loaded Front loaded

Energy Costs (SEK) 9.870,00 8.885,00

Maintenance Costs (SEK) 7.000,00 7.000,00

Total costs (Including purchasing price) (SEK) 23.866,00 21.774,00
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Table 16. CBA for washing machines

Type of washing 
machine

CBA indicators (Compared with the highest LCC) Top loaded Front loaded

Initial Cost Difference (SEK) 0,00 -1.047,00

Net Life Cycle Savings (SEK) 0,00 2093,00

Life Cycle Energy Saved (kWh) 0,00 754

Front  loaded machines spend less energy than their  top loaded counterparts  and are 
cheaper in the market.  

• Dryers and dishwashers

It is not possible to perform an analysis for dryers and dishwashers because most models 
use the same technology and energy consumption rates. Some operational options can be 
performed to save energy, but a discussion on the topic will be presented later. 

 4.1.3 House division

 4.1.3.1 Basic concepts

A modern  single  family  house is  a  building  with  one or  more  rooms serving  different 
purposes for their inhabitants. Usually in a single family house there are bedrooms, living 
room, bathroom and kitchen; other rooms can be available in infinite combinations, trends 
and architectural styles. The heating system of a house in temperate countries provides 
heat to these spaces as in tropical climates the air conditioning extracts heat.

The  thermal  comfort  in  the  building  depends  on  the  air  temperature.  According  to 
Kummert,  et  al.,  (1997),  a  thermal  zone  represents  an  air  volume  with  a  uniform 
temperature. A complete house can be a thermal zone, where the temperature is constant 
for the complete house. The zone's energy balance shows that,

C
dT [ z ]

dt
=f q [i ] ,q' [ i ]   (11)

with

C: Thermal capacity of the zone

Tz: Zone resultant temperature

qi: Radiative and convective heat flux from/to the heating/air conditioning system. 

q'i: Other convective, conductive and radiative heat fluxes.

The thermal capacity is also a function of mass, so, the need of heat flux to/from the zone 
is directly proportional to the size of the zone, the greater the space to be heated, the 
greater the heat flow. 

Not all rooms in a house are inhabited at the same time; the living room and the kitchen 
are  the  most  commonly  used  spaces.  If  all  the  doors  are  being  kept  open  and  the 
temperature is set the same for the whole house, there is a great waste of energy due to 
heating a larger  thermal  zone, so according to Makofske (2004,  it  is  more efficient  to 
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separate the house in thermal zones varying the temperature depending upon occupation 
and needs.

 4.1.3.2 Analysis

For this measure it  was not possible to provide an analysis due the complexity of the 
system. However, some recommendations can be made. Dividing the different spaces and 
isolate them with doors and walls is a common practice in modern architecture, Keeping 
doors closed and separate thermal zones can be energy efficient and save large amounts 
of money per year. It is important to contact an expert in order to make an analysis for 
each case.

 4.1.4 The building envelope

 4.1.4.1 A brief history

Throughout history, finding protection for the elements has been a primary objective. First 
the nomads sheltered themselves in caves, but when a more sedentary way of life was 
introduced people started constructing their own shelters. In the gradual development of 
housing construction, the improvement of indoor climate became of major importance. The 
adding of insulation and fenestration can be seen throughout history. Lotz, (2006) states 
that Romans and Egyptians were using the bark of oak trees to provide insulation for pipes 
and roofs.

During the twelfth  and thirteenth  centuries  huge improvements  were made in  housing 
technology; according to Bynum, (2000) the Norwegians and Icelanders introduced the fire 
place and chimney to their houses providing for the first time controlled, artificial heat. But 
with the introduction of the fire place, the problem was not only to keep the cold out, but 
also to keep heat in.

During history every culture used different materials to insulate their shelters, from bark, 
wood shaves to volcanic extrusions and vegetable and marine fibers. But Bynum (2000) 
says that it was not until the end of the Industrial Revolution in the late nineteenth century 
that deliberated commercial applications became mainstream.

Since the nineteenth century, several old and new materials were introduced in the market, 
like  asbestos  and paper  by-products,  but  it  was  not  until  the  late  1970's  that  energy 
efficiency was really taken into consideration.

Windows were introduced during the beginning of  the sedentary  life.  According to  the 
Encyclopædia  Britannica  (2009)  during  Roman  Imperial  times  glazed  windows  were 
introduced to keep heat inside the buildings. They were rare and mostly available in the 
public  baths.  Nowadays  windows  are  often  made  with  double  or  triple  glass  layers 
separated by air insulation.

 4.1.4.2 Basic concepts

• Heat Transfer

To explain how the building envelope works, it is important to clarify some concepts. Heat 
flows from warm to cool in three different ways, Conduction, convection an radiation. 

Conduction is heat flowing trough a division medium. Heat in one side of a medium excites 
the  particles  close  to  it,  leaving  the  other  particles  of  the  medium to  excite  between 

24



themselves until the heat reaches the cool side of the medium, this transfer stops when 
the two sides of the medium reaches the same temperature. Convection is the transfer of 
heat between a fluid and a conducting surface. The heated fluid is expanded and raised as 
the more dense cool fluid stays in the bottom, this cold fluid enters in contact with the 
conducting surface being heated and creates a cycle. And radiation is the transfer of heat 
with electromagnetic waves, so no media is needed  (Capehart, 2003).

Materials have properties to conduct heat, described as Thermal Conductivity (K).  K  is 
measured as the amount of energy that can pass through one square meter of surface of 
one centimeter thickness for 1 degree Celsius (°C) between two separated environments. 
A material also can be classified by its thermal resistance (R) that is related to K by

R=
d
K

(12)

where d is the thickness of the material.

The conductance (U) is the reciprocal term of R,

U=
1
R

 . (13)

finally the heat transfer (Q) is 

Q=
1

R[1 ]+R [ 2 ]. ..+R [ n ]

Δt (14)

Q=
1

R[ total ]

Δt (15)

Q=U [ total ] AΔt (16)

A being  the heat area transfer and  Δt the temperature difference between the different 
surfaces (Capehart, 2003).

• Insulation

To keep a house comfortable, the heat losses have to be compensated for in winter and 
the excess heat have to be removed in summer. According to DOE, (2008),  insulation 
decreases the use of heating and cooling by providing an effective resistance medium for 
heat transfer.

Materials are available for insulation in both cold and warm applications, mineral fibber-
rock wool, fiberglass, foams and calcium silicates being the most popular. Applications and 
presentation can vary depending on the needs and the climate.

To determine the thickness of insulation is important, as the thickness increases the loss of 
energy decreases. However, the cost of insulation increases with thickness at a constant 
rate, while energy losses decrease at a decreasing rate (Capehart, 2003).
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Figure 5. Economy thickness. Adapted from Capehart (2003)

• Fenestration

Windows permit the use of natural light in buildings but are also responsible for major heat 
losses. According to DOE (2003) 10 to 25 percent of energy losses during winter and 
major heat gains during summer are caused by windows. Choosing windows can make an 
improvement in a house thermal comfort and in energy bills.

It is common to find terms such as fenestration, window, glazing among others to describe 
the system. However, a window is not just an object in the wall but a system composed of 
several parts that interact with a building. Elder (2001) says “a window is a thermally non-
homogeneous  system with  varying  conductive  properties”.  The  performance  can  vary 
depending on its characteristics  

• Number of panes (more panes decreases the U-factor)

• Dimension between panes (decreases the conductivity)

• Emissivity (E) of the glass (the ability of the surface to give off radiation)

• The frame 

• The type of spacers (Elder, 2001).

 4.1.4.3 Analysis

• Insulation

Analysis  was  performed  for  glass  fiber  insulation  bats  manufactured  by  Guardian 

Fiberglass (2009). The K value assumed is 350 kJ*mm/h*m2*°C, an energy consumption 

of 2,7x10-4 kWh/kJ (Çengel, 2003) and a lifetime of 15 years.
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Table 17. Input data for insulation (Guardian, 2009)

Thickness of insulation

45 70 95 120 145 170 195

Initial Cost per 
m2 (SEK)

19,00 28,00 38,00 48,00 60,00 70,00 79,00

Energy losses 
(kJ/yr)

679.466,67 436.800,00 321.852,63 254.800,00 210.868,97 179.858,82 156.800,00

Lifetime (hours) 131.400,00 131.400,00 131.400,00 131.400,00 131.400,00 131.400,00 131.400,00

Energy 
consumption 
(kWh/yr)

183,46 117,94 86,90 68,80 56,93 48,56 42,34

Energy 
consumption 
Lifetime (kWh)

5.503,68 3.538,08 2.607,07 2.063,88 1.708,04 1.456,86 1.270,08

The analysis results shows

Table 18. LCC for insulation

Thickness of insulation

Life Cycle Costs (Compared 
with the longest lifetime)

45 70 95 120 145 170 195

Energy Costs (SEK) 5.091,00 3.273,00 2.411,00 1.909,00 1.580,00 1.348,00 1.175,00

Maintenance Costs (SEK) 70,00 70,00 70,00 70,00 70,00 70,00 70,00

Total costs (Including 
purchasing price) (SEK)

5.180,00 3.371,00 2.519,00 2.027,00 1.710,00 1.488,00 1.324,00

Notice that the analysis were performed just to give a picture of the performance of one 
square meter and does not consider the wall as a system, also the maintenance costs 
assumed the price of installation.

Table 19. CBA for insulation

Thickness of insulation

CBA indicators (Compared with the 
highest LCC)

45 70 95 120 145 170 195

Initial Cost Difference (SEK) 0,00 9,00 19,00 29,00 41,00 51,00 60,00

Net Life Cycle Savings (SEK) 0,00 1.818,00 2.679,00 3.182,00 3.511,00 3.743,00 3.916,00

Life Cycle Energy Saved (kW) 0,00 1.966,00 2.897,00 3.440,00 3.796,00 4.047,00 4.234,00

The economic thickness can be noticed in this analysis, as the life cycle savings increases 
with the thickness the price also increases, The indicators show that high savings can be 
achieved  by  increasing  thickness  of  insulation,  but  relative  savings  decrease  as  the 
insulation gets ticker
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Figure 6. Cost vs. thickness for the selected insulation

It is possible to notice that savings increase as the thickness change from 45 mm to 200 
mm.

• Windows

Two types of windows were analyzed; 2 glass panes and 3 glass panes. The U factors for 
these windows were taken from DOE (1997) and the windows are available in the Swedish 
market. The space between the panes is filled with air.

Table 20. Input data for windows (bygghemma 2009 & DOE 1997)

Glazing type

2 glass 3-glass

Initial Cost (SEK) 2.523,00 3.620,00

U-Factor (kJ/m2*h*°C) 9,81 4,70

Energy losses per m2 (kJ/yr) 857.106,43 410.696,83

Energy consumption (kWh/yr) 231,42 110,89

Energy consumption in Lifetime (kWh) 11.570,94 5.544,41

Energy losses were calculated for a temperature difference of 20°C between the sides of 
the window. The analysis results are:

Table 21. LCC for windows

Glazing type

Life Cycle Costs (Compared with 
the longest lifetime)

2 glass 3-glass

Energy Costs (SEK) 6.422,00 3.077,00

Total costs (Including 
purchasing price) (SEK)

9.015,00 6.767,00
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Table 22. LCC for windows

Glazing type

CBA indicators (Compared with 
the highest LCC)

2 glass 3-glass

Initial Cost Difference (SEK) 0,00 1.097,00

Net Life Cycle Savings 
(SEK)

0,00 2.248,00

Life Cycle Energy Saved 
(kWh)

0,00 6.027,00

The results show that adding a single glass pane can decrease the energy losses in more 
than 6000 kWh in a lifetime. 

 4.1.5 Ventilation

 4.1.5.1 Basic concepts

According to Encyclopædia Britannica (2009) ventilation is  the natural  or  mechanically  
induced movement of fresh air into or through and enclosed space. Also, ventilation is the 
service of a house associated with the control of indoor air quality. In the late eighteenth 
century Edward P. Bates said “Every family has the right to have an abundance of good 
fresh air, even if its not aware of its right” (Bas, 2004).

Most  of  the  early  work  in  (forced)  ventilation  was  made  in  England  during  the  mid 
eighteenth  century.  As  spaces  were  provided  with  alternatives  sources  of  heating, 
centrifugal fans were developed (Haines and Wilson, 2003). 

Open a window can provide fresh air to the inside and turning on a fan can remove odors 
and moisture (Encyclopædia Britannica, 2009). However these alternatives are not good 
enough for bringing sufficient fresh air inside and can lead to major losses of heat, mainly 
during  winter  in  temperate  regions.  In  terms  of  costs,  energy  and  pollution,  efficient 
ventilation is vital; not enough ventilation can lead to health and comfort problems (Kreider, 
2001).

Commonly three types of  ventilation are used, natural,  mechanical  and heat  recovery. 
Natural ventilation is a good strategy for moderate climates, with warm summer and mild 
winters; mechanical ventilation can be introduced when natural ventilation is not sufficient 
or when climate is severe leading to high energy losses. Finally heat recovery ventilation is 
a process in which sensible latent heat is recovered from the air stream (Kreider, 2001).

 4.1.5.2 Analysis

Two ventilation options are considered; forced ventilation and heat recovery ventilation. 
Analysis was made for devices and not for the whole system; besides, as input energy 
needed to run the systems is the same; the analysis was performed considering heat 
wasted. The calculations refer to devices manufactured by Fläkt Woods available in the 
Swedish market. A lifetime of 30 years was considered and the costs of installation were 
added as maintenance costs.

Assumptions of an input energy of 24,22 kJ/m2, a flow of 100 l/s and a 60 % rate of heat 
recovered were made.

29



Table 23. Input data for ventilation (Fläkt Woods, 2009)

Ventilation system

Forced 
Ventilation

Heat-Recovery 
Ventilation

Initial Cost (SEK) 3.210,00 19.430,00

Energy losses (kJ/h) 38.189.220,00 15.275.688,00

Lifetime (hours) 87.600,00 87.600,00

Energy consumption 
(kWh/yr)

10.311,09 4.124,44

Energy consumption 
Lifetime (kWh)

206.221,79 82.488,72

The analysis results show

Table 24. LCC for ventilation

Ventilation system

Life Cycle Costs (Compared with 
the longest lifetime)

Forced 
Ventilation

Heat-Recovery 
Ventilation

Energy Costs (SEK) 572.265,00 228.906,00

Maintenance Costs (SEK) 1.400,00 1.400,00

Total costs (Including 
purchasing price) (SEK)

576.875,00 246.736,00

Table 25. CBA for ventilation

Ventilation system

CBA indicators (Compared with 
the highest LCC)

Forced 
Ventilation

Heat-Recovery 
Ventilation

Initial Cost Difference (SEK) 0,00 16.220,00

Net Life Cycle Savings 
(SEK)

0,00 327.139,00

Life Cycle Energy Saved 
(kW)

0,00 123.733,00

The  introduction  of  Heat  Recovery  Ventilation  to  a  system  can  lead  to  high  energy 
reductions in the lifetime. Heat recovery ventilation saves up to 66 % on heat losses.

 4.1.6 Heating system

 4.1.6.1 A brief history

For centuries humans were using fire to heat the interior of their shelters. In the thirteenth 
century in Europe, the fireplace and chimney were introduced helping to evacuate the 
smokes and fumes from the living space. 

Central heating was used since Ancient Greece, but the Romans improved it in a system 
called the hypocaust. Central heating was, however, abandoned in the late Roman Empire 
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and was not reintroduced until the early nineteenth century.

When steam was introduced as a source of power it also offered a new way for indoor 
heating.  In  the  1830's,  water  became  appreciated  as  a  medium  to  distribute  heat. 
Nowadays, two types of heating are mainly in use, air and water based. (Encyclopædia 
Britannica, 2009).

 4.1.6.2 Basic concepts

The objective of heating is to provide thermal comfort to the inhabitants of a space. Air and 
water are used as a medium to transport heat. The systems consist of three parts; the 
furnace or the boiler where the medium is heated, the ducts or pipes to distribute the heat 
in  the selected medium,  and an emitting device to  deliver  heat  in  the selected space 
(Encyclopædia Britannica, 2009).

Air heating is widely used in North America but is not popular in Europe. According to 
Elder,  (2001),  air  is  not  an  effective  medium to  carry  heat,  instead,  water  is  a  better 
medium due to the possibility of carry more energy per cubic meter. 

Between emitting devices, radiant heating is among the most economical. There are two 
main classes of radiant heating systems; radiators and low temperature radiant floors. The 
efficiency of radiant heating is a function of the temperature, area and emissivity of the 
source. In  this  way low temperature radiant  floors employs a bigger radiating surface, 
decreasing  the  media  temperature.  Radiant  panels,  also  known  as  radiators,  have  a 
smaller area increasing the temperature of the medium.

Alternatives  are  available  to  replace  furnaces  and  boilers.  According  to  Kreith  and 
Goswani, (2007), heat pumps are the most underused energy saving devices for heating 
and cooling. Four types of heat pumps are available, air-to-air, air-to-water, water-to-water 
and earth-to-air.

A heat pump works similar to a refrigerator, it takes heat out from a cool place and supplies 
heat to a cool space. 

 4.1.6.3 Analysis

Heating is  a  complex system of  a  house.  It  is  closely  linked to  the building envelope 
performance, the ventilation system, the household equipment loads, the size of the living 
space, the occupation and other loads. The amount of data needed for this measure to be 
analyzed  leaves  this  chapter  of  the  work  out  of  the  boundaries  of  the  model  used. 
However, recommendations based in the available literature can be made in the manual. 
Also,  the  complexity  of  the  analysis  of  this  measurement  helps  to  position  it  in  the 
sustainable staircase.

 4.1.7 The sustainable behavior

All the measures described were analyzed based on the assumption of good household 
management. There are non-costs measures to save energy but they depend on individual 
behavior. The sustainable behavior is the way that each individual uses their resources 
with responsibility saving energy and carbon emissions. Some tips can be proposed in 
order to save energy at home;

• Lighting

◦ Turn off lights when not needed
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◦ Select the right amount of lumens for each activity. Some places require less 
amount of light

◦ Use dimmers, they can save energy

◦ Take advantage of daylight

• Electric equipment

◦ Dishwasher

▪ Scrape large food pieces when loading

▪ Wash only when machine is fully loaded

▪ Let dishes air dry

◦ Refrigerator

▪ Do not keep the temperature too low

▪ Defrost regularly

▪ Make sure that door closes airtight

▪ Cover liquids and food. Moisture makes the compressor run harder

◦ Kitchen

▪ Cover kettles and pans when boiling water

▪ Match the size of pans and elements

▪ Use microwave when possible

◦ Laundry

▪ Wash with cold water when possible

▪ Wash and dry full loads

▪ Do not over dry clothes

▪ Clean the lint filter of the dryer after every drying cycle

▪ Consider air-drying clothes or using a dehumidifier

◦ Other devices

▪ Turn off electrical and electronic devices when not in use

▪ Connect devices like TV, DVD player, stereo, etc. to power stripes (devices 
were it is possible to connect several appliances and be turned on and off) to avoid 
phantom loads (a small current that electrical equipment and adapters use when 
connected to the power source)

▪ Turn  off  all  unused equipment,  it  is  a  misconception  that  equipment  last 
longer when turned on

• House division

◦ Consider turning the thermostat lower (or off) in spaces not in use

◦ Keep indoor doors closed creating thermal zones
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• The building envelope (insulation and fenestration)

◦ Keep draperies open during days and closed during nights in winter, maintain 
them closed during summer in south facing windows.

◦ Keep all south facing glass clean

◦ Use clear plastic sheet or tape in the inside of the windows frames during the 
cold months

• Ventilation 

◦ Seal air leaks

◦ Turn off the fans and open windows during mild seasons

◦ Clean air filters regularly

• Heating system 

◦ Try to stand a lower indoor temperature during the coldest days of the year

◦ Set the thermostat as low as is comfortable during the winter

◦ Bleed trapped air from radiators once or twice a season (DOE, 2008)

 4.1.8 Defining the Sustainable Staircase

As stated before in the document, it is important to renew and operate a house to improve 
energy efficiency sequentially. The analysis of the proposed different parts of a staircase 
was made,  and the  impact  of  different  measures  in  energy  and money savings were 
determined. This work is based on the concept that reducing energy consumption reduces 
also resources consumption to produce energy, cutting in greenhouse gases emissions 
(DOE, 2008) aiming to the three main components of sustainability, economic, social and 
environmental  improvement.  In  the  following  analysis  for  the  sustainable  staircase,  a 
qualitative analysis  is made based on the results of  the LCC-CBA analysis performed 
before.
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Table 26. Sustainable Staircase considerations

Measure Cost Savings Energy 
Savings

Dependability 
on other 

measures

Complexity

LIGHTING Low Low to Medium High Extremely low Extremely low

ELECTRIC 
EQUIPMENT

Stoves Medium High High Extremely low Extremely low

Ovens Low to medium Medium Low Extremely low Extremely low

Refrigerators Low to medium Medium Low Extremely low Extremely low

Washing 
machines

Low Low Low Extremely low Extremely low

Dryer and 
dishwasher

N/A N/A N/A Extremely low Extremely low

HOUSE 
DIVISION

N/A N/A Variable Low Medium to high

BUILDING 
ENVELOPE

Insulation Low to medium High High Medium High

Windows High Medium to high High Medium Medium to high

VENTILATION High High High High Medium to high

HEATING 
SYSTEM

N/A N/A N/A High High

Based on a qualitative analysis, a staircase is proposed:
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Table 27. Sustainable Staircase 

Measure Results

Lighting • Low cost and high energy savings.
• Easy installation 
• Not dependent of other measures

Electric  equipment • Low to medium costs. 
• Medium to high energy savings
• Easy installation

House division • Is the base to plan how the building envelope, ventilation 
and heating system will be develop

• High complexity of implementation. Professional work can 
be needed

Building envelope • High energy savings
• Have to be planned after the house division
• Heating system loads depends on this measure
• Complexity of installation

Ventilation • High energy savings 
• Interdependent with Heating system
• dependent of the building envelope

Heating system • Can lead to high energy savings
• High complexity of implementation
• High dependability of other measures

For better results this sustainable staircase must be accompanied by a sustainable 
behavior. A good household management can lead to high energy savings without 
spending capital.
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 5 Discussion
Important  differences  in  characteristics  were  found  in  the  analysis  of  the  suggested 
measures leading to the suggestion for a so called sustainable renovation staircase. It is 
important to further analyze these differences by improved monitoring and further analysis.

During the lighting analysis, concept constraints were found. A space does not only need 
to  be  illuminated  but  also  to  be  comfortable  for  the  inhabitants.  Lighting  devices  are 
available in a wide variety of shapes, functions, quantity and quality of light, but major 
misconceptions  exist.  It  is  a  common behavior  among  users  to  leave  lights  on  when 
leaving a room rather than turning on and off several times. It is true that a small peak of 
current  is  used  in  the  starting  event,  but  this  is  negligible  compared  with  the  energy 
consumption of a light turned on (Lighting Design Lab of Seattle Washington, 2008).

Another trouble is the color of the light, a concept that CFL produces a blue light comes 
from the  first  fluorescent  bulbs,  which  produce  daylight.  According  to  Coulson  (1953) 
people  had  become  accustomed  to  associate  a  yellow  tingle  with  artificial  lighting. 
Nowadays lamps are available in a wide range of colors, from “soft or warm” for the yellow 
tingle, to daylight and a more white light (Consumer Reports, 2009).

People usually associate CFL with the old fluorescent lamps, the tingle when turned on 
and the needed time to turn it on. Newer CFLs can be turned on in less than 20 seconds 
and with the introduction of the electronic ballast the tingle completely disappeared.

In the analysis it was shown that CFLs and LEDs can save up to 2300 kWh of energy in a 
lifetime. These savings are for one lamp, multiple devices at  home can lead to higher 
energy reductions and money savings.

Electrical appliances are present in almost every home in developed countries; washing 
machines, cooking devices, refrigerators and other devices are used every day.

Most houses have all these devices installed which have to be replaced by new ones at 
times. At the end of the lifetime, they do not fail to work, but efficiency decreases. The 
results therefore give a picture of how to renew when needed. For example, a refrigerator 
must be replaced every 15 to 20 years and probably most of the people have one at work. 
To change it for a more energy efficient one before time will not lead to energy savings, but 
having different options when buying a new one can be really valuable.

These considerations apply to heat,  ventilation and air  conditioning systems also. It  is 
therefore important for the house owner to perform an analysis of every system change to 
choose which is the most beneficial for the budget and expectations.

Dividing a house is a hard job, but most  people already use spaces differently during 
seasons. Most people enjoy to be outside of their houses and villas during summer, using 
the interior just when needed. Balconies and other facilities are also used mainly during 
mild seasons and forgotten when winter comes. Dividing a house considering the use of 
the spaces can lead to savings in energy and money, because the occupation defines the 
amount of heat and insulation needed for one space.

The building envelope is one important component  of  a shelter  system. Windows and 
insulation play a major role in how and when spaces need to be heated. The appearance 
of  new technologies  for  windows and the good use of  old  ones reduce the needs of 
heating.  Windows  are  important  to  take  advantage  of  radiative  heating.  As  insulation 
becomes thicker, energy savings means increase, but not at a constant rate; insulation has 
an optimal point and it is necessary for each house owner to determine it. When money is 
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not a constraint, super-insulation can be considered.

There are examples in the literature of houses that can have a human thermal comfort 

without heating, Low energy houses that uses less that 50 kWh/m2  of heating can be 
found in Northern Germany and Southern Sweden, like the Lindås project and Värnamo 
(Janson, 2009).

Ventilation can vary from an open window to a complex system. In the analysis it was 
shown  that,  despite  the  high  prices,  HRV  leads  to  substantial  savings.  The  system 
recycles close to 66% of the wasted heat and uses it to heat the income air saving money 
and energy.

For the components of the building envelope, house division, ventilation and heating, high 
limitations were found. Despite the common analysis made in this work, that claims to be 
just  an  approach  to  energy  savings  and  not  a  complete  analysis,  interdependency 
between the parts of the system was found.

The  application  of  insulation  and  placement  of  windows  not  only  depend  on  the 
characteristics of the measure, it is important to define the materials of the building, the 
orientation,  the  climate  characteristics  of  the  area  and  the  regulations  for  different 
countries. All these aspects were not considered due the limitations of the study.

Ventilation  is  dependent  on  the  size  of  the  building  and  the  activities  inside;  for  this 
analysis only equipment were considered, leaving out all  the other variables. Also, the 
ventilation function is defined by the building envelope and for the outdoor climate, in mild 
regions the use of expensive equipment can be out of context.

The heating system must be designed according to the needs of a building, the materials 
and orientation, the building envelope and the heat flux. Passive houses were built in cold 
climates,  leaving mechanical  heating out  of  the equation.  However,  it  was possible  to 
notice  differences  between  systems  when  heating  is  needed,  but,  the  size  and 
components must be defined by the building characteristics.

Behavioral tips can be given by thousands, however, the aware user takes time to read the 
manufacturer  considerations  and  understand  that  common  sense  can  be  applied  to 
household management.

Difficulties in implementing energy saving measures are linked to high purchasing prices 
and myths around devices. Myths on the use and performance of everything from lighting 
devices  to  heating  equipment  exist  in  popular  culture,  partly  because  of  a  lack  of 
communication between researchers and stakeholders.

All  types of investigations are available in scientific publications, but in the commercial 
market,  publications  are  mainly  based  on  individual  experience  and  governmental 
programs  in  association  with  industries  and  universities.  Scientific  researchers  lack 
communication with the public, leaving a gap.

There are many guidelines to sustainable renovation. Most of them, however, deals with 
specific  and  often  debated  parts  of  sustainable  renovation.  The  analysis  made  here, 
showed  that  a  staircase  guideline  was  possible  to  establish,  where  measures  are 
proposed from the cheapest and easier to implement to the most expensive and complex. 
Other perspectives could be considered for the establishment of similar staircases using 
other  tools,  or  addressing  other  objectives  like  improving  social  communication  or 
integrating neighborhoods.

The achievements of this study were to provide a guideline to a sustainable renovation 
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based on energy and monetary savings. A simple communication is an important primary 
aim of this study; the deepness can be discussed, but a need of a simple language in the 
academy to reach the stakeholders is needed. By providing simple recommendations of 
renovation, retrofitting and operating can induce an interest in the reader, leading to a 
deeper investigation of literature and search for an own, tailored analysis system.
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 6 Conclusions
Limitations in the concept of renovation, retrofitting and operation were found. The debate 
of defining sustainable renovation is open and there is a possibility to include different 
measures into the concept of sustainability.

It is possible to develop manuals and guidelines from the house owner perspective with 
scientific  information.  Common  language  can  be  used  as  a  bridge  between  technical 
knowledge and common interest. Stakeholders are more interested in sustainability today 
and with guidelines the interest can be increased.

A systems analysis can be performed for simple measures but to perform a deep systems 
analysis to complex measures were out of the boundaries of the study.

Economic constraints are the main problems to a more sustainable renovation. Private 
house owners can be aware of the new technologies and their advantages compared with 
traditional ones, but high investment costs discourage the use. Heat, ventilation and air 
conditioning systems need high initial investments and the payback time for these systems 
is counted in years.  

As  different  technologies  and  measures  aim  at  different  targets,  system  boundaries 
change in every case. However, it is possible to raise the curiosity of house owners with a 
basic sustainable staircase. 

The  results  have  been  presented  in  an  as  simple  as  possible  way,  excluding  large 
amounts of information, developing a valuable tool to increase the interest in renovation, 
retrofitting and operation in a more sustainable way considering energy and money as 
important  components of  sustainability  and under the statement  that  a thermal  human 
comfort indoor leads to a better life.

It is recommended to perform more future work in this field. Common public interest in 
sustainability is increasing. More specific and easy-to-understand work about sustainable 
renovation must be addressed for non-experts, which are finally the owners of a great 
house stock in Europe and North America. It must be recognized to a greater extent that 
most people in the world live and spend their time in existing houses and stocks and less 
than a fifth of the stock is newly built, making renovation a priority over the construction of 
new houses.
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Introduction

rom time to time there is a need to 
maintain,   repair,   renovate   and 
restructure   your   house.   Today, 

people around the world are generally 
more   concerned   about   the 
environment   than   before   and   maybe 
you are one of them. Many people  in 
the world want to do something for the 
environment   but,  what   do   we   really 
know  about   how   to   improve   the 
performance of our houses? Efforts and 
new technologies all  around the world 
are  being  implemented but   there   is  a 
limited amount of information reaching 
the  common public   like  you  and  me. 
Organizations   are   trying   to   inform   us 
with   their   knowledge,   universities   and 
governmental   organizations   release 
studies   and   guidelines   and   many 
individuals publish their experience from 
time to time. 

F

With   this   small   contribution,   I   hope   to 
increase   your   interest   in   sustainability 
and to stimulate you to check what's on 
in renovation, retrofitting and operation 
of   family   houses,   helping   you   to   save 
money, energy and to contribute to a 
healthier   world.   If   you   become 
interested   in   a   specific   measure, 
remember   to   contact   a   supplier   or 
organization   that   can   help   you   to   a 
better understanding 

Thanks  for  reading this  manual.   I  hope 
you will enjoy it!
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The sustainable staircase
hen you feel there is a need to 
maintain,   renovate   or   retrofit 
your   house,   there   is   also   a 

great   possibility   to   start   to   be 
sustainable.   The   problem   is  where   to 
start.

W
The goal  of   the sustainable  renovation 
and   operation   manual   is   to   help   you 
reduce costs,  mitigate   or   reduce  your 
environmental   impact   and   improve 
your life. 

Look   at   your   house   as   a   machine   in 
which   you   live;   at   times   you   need   to 
maintain   it   or   make   it   better,   like   you 
maintain a bicycle or a car.

You   can   make   your   house   better   by 
following some simple steps, here called 
the Sustainable Staircase. The Staircase 
was   developed   to   help   you   upgrade 
your   house   sequentially,   reducing 
energy use and costs and maximising its 
performance.

The steps are presented in the following 
figure and we are going to take each 
step on its own and talk about them.
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First Step: Lighting
ince   the   introduction   of   the 
incandescent lamp in the late 19th 

century,   we   all   associate   artificial 
lighting with electricity. 
S
Most   people   still   use   the  reliable 
incandescent bulb; it is safe, has a nice 
light,   is  available   in  many shapes  and 
colours and is cheap. Yes, I agree you 
would probably say,  but  do you know 
that the incandescent bulb wastes most 
of   the   energy   used   in   heat   and   the 
lifetime is very short?

But   don't   worry,   other   options   are 
available in the market. 

Compact Fluorescent Lamps (CFLs) are 
available   in   many   colors   and 
configurations as you want, they use a 
fifth   of   the   electricity   of   an 
incandescent   bulb   and   last   10   times 
longer. Translated to costs this is a saving 
of   up   to   4.000   SEK   and   2.200   kWh   of 
electricity   including   the   purchasing 
cost. CFLs nowadays are not like the old 
ones, they light up fast, there is no blink 
and   contrary   to   the   common 
misconception   can   have   from   warm 

colours to bright white. 

So,   changing   to   CFLs   can   be   a   bit 
expensive when  purchasing, but  in the 
long   run   the   investment   will   pay   itself 
with reductions in energy bills. 

The most sustainable approach

Some   of   you   don't   want   to   be   just 
saving money and energy, but want to 
approach   sustainability   in   depth.   For 
you there is the possibility to change to 
the state of art in lighting. Light Emitting 
Diode   lamps   (LEDs)   are   the   best   in 
energy savings. 

LEDs can use a 10th of the electricity of 
an  incandescent  light  and have a  life 
expectancy   of   45   times   that   of   an 
incandescent bulb; this lamp can last a 
generation in your family!  It has a very 
high   initial   cost   (450   SEK   approx.),   but 
can save up to 2500 kWh in a lifetime, 
corresponding to the same CO2  saving 
as   removing a car   from the streets   for 
half a year! Also, the savings in money 
can   be   up   to   5000   SEK   in   its   lifetime, 
making it the most energy efficient and 
cheapest   technology   in   the   long   run. 
These   lamps   are   available   in   different 
colours  and  shapes,  can  suffer   shocks 
without problems happened and allow 
you   to   change   the   color   of   the   light 
without changing the bulb.

LEDs can looks like a normal incandescent bulb,  
but the operation is really different.

Operation tips

Remember,   the battle   is  not  won only 
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by changing   lamps,   a  good behavior 
will   be   necessary   to   realize   the   full 
potential   to   save   energy   at   home. 
Therefore, don't forget to:

• Turn off lights when not needed

• Select the right amount of light  for 
each place. Some places  require   a 
brighter lamp than  others

• If   possible,   use   dimmers,   they   can 
save energy.

• Always,   take   advantage   of  
daylight when you can

For   more   information   contact   a   local 
retailer.
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Second Step:  Electric 
Appliances

n   early   times,   household   activities 
lasted   for   the   whole   day.   Now, 
washing   by   hand   is   no   longer 

needed,   maintaining   a   fire   in   the 
kitchen is completely unnecessary and 
harvesting ice in winters to maintain the 
food sound absurd. So, do you plan to 
renovate the kitchen, to get rid of that 
old   refrigerator?   Do   you   want   to 
change  the  stove  for  a better   looking 
one? Here is some advice that may be 
helpful.

I

Stoves

When it comes to stoves, different tech
nologies are available and so the tech
nology that fits you.

Radiant   electrical   ranges   wastes   energy   as 
heat,   even   when   you   are   finished   with   your 
cooking

A single range of your electric stove can 
use up to 81.000 kWh in its lifetime; this is 
the equivalent of CO2  assimilated  in 5 
hectares of forest land during one year. 
Some of this electricity is just wasted as 
heat to the atmosphere. Depending on 
your   available   sources   of   energy,   2 
different   options   are   available,   an 
induction   stove   or   a   gas   stove.   Both 
have   a  very   efficient   heat   transfer   to 
the cooking devices. 

Induction   stoves  can cost  up   to   3.000 
SEK more than radiant ones, but savings 
up to 43.000 SEK during the stove’s  life 
cycle can be achieved by changing to 
this technology.  Electricity consumption 
can   be   cut   by   up   to   33,000   kWh,   an 
equivalent of 23.000 kg of CO2.

Induction Stoves do not emits heat, but induced 
an electromagnetic field which heats your pan.

Gas   stoves   can   have   a   high 
performance when used right. For more 
information contact a local retailer and 
your public services provider.

 Ovens

Different   to   stoves,   ovens   enclose   the 
food in a warm environment to cook it. 
Ovens   can   be   real   energy  consumers 
and when the time to change comes, 
several   options   are   available;   steam 
ovens,   pyrolytic   ovens   and   warm   air 
ovens  are among the most popular. All 
these   ovens   work   differently.   Steam 
ovens   use   steam   to   cook,   pyrolytic 
ovens are high energy users that clean 
themselves applying high temperatures 
to   burn   the   food   residues.   Warm   air 
ovens use fans to circulate warmed air 
into the chamber. 

An analysis  of   these alternatives shows 
interesting results. There is sometimes no 
need to spend more money to have the 
most energy efficient device.
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Pyrolytic   ovens   can   save   up   to   2.000 
kWh compared to vapour ovens, which 
are close to 2.000 SEK more expensive, 
and   the   simpler   warm   air   ovens   can 
save up  to 14.000 SEK in a lifetime and 
save up to 3.000 kWh in energy. 

Cooking tips

Always remember to:

• Cover   kettles   and   pans   when 
boiling water

• Match the size of pans and ele
ments

• Use microwave when possible

Refrigerator

If you have an old refrigerator that has 
to   be   changed   for   different   reasons 
think twice on what you really need.

Sidebyside   refrigerators   are   very 
popular   nowadays,   not   only   because 
they look nice, but because they often 
come with cool stuff   like  ice dispenser 
and even a TV.  But,  these refrigerators 
can consume close to 2.000 kWh more 
than   the   simple   two   door   model   and 
cost 10.000 SEK more. 

The   problem   is   the   configuration   of 
these   refrigerators;   a   higher   surface 
area   wastes   energy   and   makes   the 
compressor   work   harder.   Combi   and 
2door   refrigerators   can   save   you   from 
9.000 to 14.000 SEK. So, stop for a while 
and consider carefully what model suits 
your needs better.

Tips

Whatever   model   of   refrigerator   you 
have at present, the following tips can 
be useful for you:

• Do not keep the temperature  to 
low

• Defrost the refrigerator regularly if 
manual defrosting is needed

• Make   sure   that   doors   close 

airtight

• Cover liquids and food.  Moisture 
makes the compressor run harder. 

Washing machine

The washing machine is a must in every 
house.   Washing   machines   come 
basically   in   two   configurations,   front 
loaded and top loaded. The differences 
in   energy   consumption   and   price   are 
small,   the   front   loaded   being   the 
cheapest and the one with the lowest 
energy consumption, saving 250 kWh in 
a lifetime.

Tips

A   careful   consideration   of   needs   is 
important   to  maximise  energy  savings; 
advices to consider are:

• Wash with cold water when possible

• Wash and dry fully loaded machines 

• Do not over dry clothes

• Clean the lint filter of the dryer after 
use

• Consider airdrying clothes
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Third Step:  The house 
division.

rom   the   beginning   of   the   20th 

century to the beginning of the 21th 

century,   Swedes   have   changed 
their  living   habits   a   lot.   The   average 
housing   space   has   increased   from   7 
square meters  per person to 50 square 
meters.   This  has   resulted   in  a   need  to 
heat   more   space,   that   means  spend 
more   energy   in   heating.   A  modern 
house has different spaces for  different 
purposes,  such as kitchen for  cooking, 
bathrooms   for   toilet   activities   and 
bath/shower,  living   room   for   social 
activities  and bedrooms  for   sleep.  Not 
all   the  spaces   are   occupied   at   the 
same time and not all places need the 
same  temperature.   Remember,   the 
higher the  temperature, the higher the 
energy needed to heat it.

F

However,   a   house   can   be   separated 
into   different   compartments.   Some 
spaces   are   only   used   during   summer, 
while  other  areas  are  your   favorites   in 
winter.   A   good   practice   is   to   identify 
such spaces and divide them.

Dividing  a   house  and  maintaining   the 
temperatures   according   to   actual 
needs   can   be   a   great   energy   saver, 
sometimes   it   can   be   a   matter   of   just 
closing a door and adjust a thermostat 
to a lower temperature.

If  you are   interested  in   improving your 
house energy performance by dividing 
it  into different compartments, contact 
a   local   specialist,  e.g.  an  architect  or 
consultant.

Tips

• Consider   turning   the   thermostat 
lower (or off) in spaces not regularly 
used

• Close   indoor   doors   and   create 
different thermal zones
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Fourth Step:  The building 
envelope.

hen   the   winter   comes,   the 
problem is not just to keep the 
cold out, but the heat in. Heat 

flows from warm to cold spaces in three 
different ways; convection, conduction 
and radiation. Conduction is the ability 
of   heat   to   flow  trough  a  medium,   for 
example   your   walls,   convection   is   the 
flow between a fluid (air or water) and 
a medium (your walls, ceiling, floor, etc.) 
and   radiation   is   flow   by 
electromagnetic   waves   (solar 
radiation).

W

A   properly   insulated   house   decreases 
the   use   of   heating   during   winter   by 
providing   an   effective   resistance 
medium   to   heat   transfer.   Before 
upgrading   the   insulation,   it   is   really 
important   to check for  air   leakages  in 
your   home;   sealing   air   leakages   can 
save money and energy and can be 
performed   without   spending   larger 
amounts   of   money   on   insulation 
upgrading. 

To   determine   the   optimal   thickness   of 
insulation   is   important.   The   thicker   the 
insulation the higher the energy savings, 
but be aware, energy savings increases 
at   a   decreasing   rate   with   increasing 
insulation,   so,   after   the   optimal   point 
insulation has been reached is more of 
a luxury than meaningful investment. 

 Beyond the economy thickness, the investment 
makes   the   total   price   (investment+energy 
consumption) increase

Every   house   has   its   own   economic 
insulation thickness; if you are interested 
in improving your insulation, call a local 
expert to help you to find your optimal 
thickness.   When   economy   is   not   a 
problem,   you   can   superinsulate   your 
house. Passive houses use as little as 15 
kWh/m2 of heating a year. Windows are 
also part of the building envelope. They 
permit solar light and radiation to come 
into the house but also are responsible 
for major heat losses. 

The   common   practice   in   temperate 
zones   is   to   install   windows   with   two 
panes of glazing. Increasing the panes 
to three can increase prices with 1.000 
SEK/m2 compared to 2 panes. However, 
one pane more of glass can save up to 
2.300 SEK/m2 after  payback,  and can 
save 6.000 kWh/m2 in a lifetime, being 
an incredibly good measure. Of course, 
when money is not the problem, passive 
house glazing is available in the market, 
with a special design that minimise the 
thermal bridges, and triple grazing with 
coating that decreases the U value of 
the windows, are a perfect option if you 
want to go off the grid. These windows 
are   available   also   filled   with   gases 
different to air, to increase the resistant 
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to heat flow.

Tips

It is always possible to save money and 
electricity with a good operation; some 
tips are 

• Keep draperies open during days 
and closed during nights in winter, 
maintain   them   closed   during 
summer in windows facing south.

• Keep all south facing glass clean.

• Use clear plastic sheet or tape in 
the inside of the windows frames 
during the cold months.
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Fifth Step: Ventilation.

very   house   needs   clean   air.   To 
provide this to the inside, you need 
ventilation.   Opening   a   window 

can be enough to ventilate your house, 
this   is   known   as   a   natural   ventilation. 
Mechanical   ventilation   is   needed   in 
more severe climates, when opening a 
window   can   lead   to   a   major   loss   of 
heat.

E

Another   option   is   Heat   Recovery 
Ventilation   (HRV)   that   recovers   latent 
heat   in   the exhaust  air  of  your  house. 
With prices close to 20,000 SEK it might 
appear crazy to buy one. But,  despite 
the initial price, a HRV device can help 
you   save up   to  330.000  SEK   in  money 
and   124.000   kWh   of   energy   in   the 
lifetime   of   the   product.   It   is   the 
equivalent  of   the CO2 absorbed by 8 
hectares of forest in a year.

Tips

Recommendations   can  be   given   to 
save as  much energy as  possible  with 
simple solutions like: 

• Seal air leaks

• Turn off the fans and open  windows 
during mild seasons

• Clean air filters regularly
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Sixth Step:  Heating 
System

he objective of heating is to provide 
thermal  comfort   to  the  inhabitants 
of a space. Either air or water may 

be used as a medium to transport heat. 
A   house   heating   system   normally 
consists   of   three   main   parts;   (i)   a 
furnace (for air) or a boiler (for water), 
(ii)   the ducts  or  pipes   to distribute  the 
heat, and (iii) the diffuser or the radiator 
to provide the heat. 

T

Air   heating   is   widely   used   in   North 
America  but   is  not  popular   in  Europe. 
Water   can   carry   more   energy   per 
volume than air, making it more energy 
efficient. 

Among heat  emitting  devices,   radiant 
heating is among the most economical. 
There  are   two main   classes  of   radiant 
heating   systems.   The   efficiency   of 
radiant   heating   is   a   function   of   the 
temperature, area and emissivity of the 
source.   In   this   way,   low   temperature 
radiant floors employ the whole floor as 
a   radiating   surface,   decreasing   the 
need  for  a  high   temperature.  Radiant 
panels, also known as radiators, have a 
smaller   area   increasing   the   required 
temperature   of   the   medium.   Other 
alternatives   are   available   to   replace 
furnaces  and boilers.  Heat  pumps  are 
the   most   underused   energy   saving 
devices   for   heating   and  cooling.   Four 
types of Heat Pumps are available,

• Airtoair,

• Airtowater,

• Watertowater and

• Earthtowater.

A heat pump works in a similar way to a 
refrigerator,   it   removes   heat   from   one 
place and moves it to another.

For   more   information   about   how   to 
upgrade your heating system and save 
money   consult   different   suppliers,   e.g. 
on the Internet.

Tips

Important  actions   to  save energy with 
your heating system are:

• Set   the   thermostat   as   low   as   is 
comfortable during winter.

• Bleed trapped air from radiators one 
or twice a season.
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General tips
nergy   supply   needs   should   be 
lowered wherever possible  in your 
house, more hints and tips are  E

• Turn off electrical and electronic de
vices when not in use.

• Connect devices like TV, DVD player, 
stereo, etc. to power stripes to avoid 
phantom loads. 

• Turn off all unused equipment, it is a 
misconception   that   equipment   last 
longer when turned on.
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Investigate further
his   guide   provides   some   general 
and specific considerations on how 
you   can   renovate,   retrofit   and 

operate   your   house   in   a   more 
sustainable way. You can go as far as 
you want and/or even get off the grid 
or   sell   energy   to   your   local   service 
provider.   Solar   water   heaters,   solar 
panels,  and several  other technologies 
are available.  New constructions,  such 
as the passive house, may be tried with 
support from very detailed guidelines. If 
you want to go further and experiment 
towards a completely sustainable house 
contact   a   local   expert   or   company 
who   can   expand   your   possibilities 
toward   sustainable   renovation   and 
operation of your house.

T
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