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Abstract 
The energy consumption of the first world has reached unexpected heights, and is increasing 
every day. Because of this, energy efficiency has become a hot subject, both on a small and large 
scale. Every individual has a possibility to improve their energy efficiency and energy use alike by 
substantial amounts, and should act on this for the sake of the environment. 

The report begins with a study of different regulations and standards regarding energy efficiency. 
After this, a literature study is conducted regarding the latest available technology in all areas of 
home appliances. Finally, a field study is conducted on an apartment in Stockholm to find out 
how much energy that actually can be saved, and what the economic results are from this. 

The result shows that in general, it isn’t economically viable to upgrade to the latest energy 
efficient technology within home appliances, but that one has to consider the environmental 
gains as incitement for action. Approximately 10% of the total annual energy consumption could 
be saved by changing all machinery and functions in the house, except the heating, ventilation 
and air conditioning part. 
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Sammanfattning 
Västvärldens energianvändning har nått oanade höjder, och ökar varje dag. Därför har 
energieffektivitet blivit ett hett ämne, både på liten och stor skala. Varje enskild individ har 
möjlighet att förbättra sin energieffektivitet och därmed sin energianvändning med märkbara 
skillnader, och bör agera därefter för miljöns skull. 

Rapporten börjar med en studie av olika regleringar och bestämmelser om energieffektivitet. 
Efter det kommer en litteraturstudie om vilken teknik som finns tillgänglig inom alla delar av 
hemmets energianvändning. Slutligen utförs en fältstudie på en lägenhet i Stockholm för att 
avgöra hur mycket energi som kan sparas, och vilka ekonomiska följder detta har. 

Resultatet visar att det i allmänhet inte är ekonomiskt hållbart att byta till den senaste 
energieffektiva tekniken inom hemmets apparater, utan att man får avse de miljömässiga 
vinsterna som incitament för dessa uppgraderingar. Ungefär 10% av den totala årliga 
energianvändningen kunde sparas genom att åtgärda alla apparater och funktioner i huset, utan 
avseende på uppvärmning och isolering.  
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Nomenclature 
 

Name   Character  Unit 

Specific energy use  Wspec kWh/m2 
Net energy use  Etot kWh 
Heated area   Atemp m2 
Effect   W W 
time   t year 
Investment rate  i % 
Net cash flow   Rt SEK 
Operating hours per year  Top h/year 
Luminescent flux  Lm Lm 
Energy Performance Audit  EPA 
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1 Introduction 
In the later years, energy usage has become a hot topic on many levels, especially in the cities 
where pollution and environmental change is visible to the naked eye. On the 13th of August 2015 
Earth Overshoot Day occurred. (Global Footprint Network) This means that, by this day, the 
225th of the year, humanity has used up nature’s budget for the year. That is an alarming 
occurrence, since this day is celebrated a week earlier than previous year. An overconsumption is 
taking place unlike anything previously seen, and this has to change.  

A noticeable part of this usage is purely domestic, and thus makes it easy for the average person 
to identify with their own habits. While it’s true that many of the new constructions (in major 
cities) often are very environmentally friendly and incites lower energy usage, this does not apply 
to older houses, built in an era where the focus was to accommodate people and/or be visually 
appealing.  

With a small study from IVL (the Swedish environmental institute) (Erlandsson, Martin, 2014) it 
is concluded that building a house has the same impact on climate as running it for 50 years, 
thanks to a huge improvement the last few years in operating efficiency, but not so much in the 
building sector. 

Increased energy efficiency is, despite the previous paragraph, nowadays one of the key factors in 
mitigating climate change (Jonsson, Daniel et al. 2011), which most likely will lead to a higher 
economic incentive from government agencies around the world. This is reflected in the 
literature study, where the different regulations regarding energy efficiency is mentioned. 

A field study is presented in the later part of the report, which is conducted on an apartment in a 
rather old building with poor isolation and ventilation, as well as completely electrically based 
heating. A close look will be taken on specific energy usage of household appliances, as well as 
lighting systems in order to map the use and find available and reasonable improvements and 
upgrades. The results will then be compared to values on a national level in order to validate the 
findings 
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2 Literature 

2.1 Energy use in Sweden 
A large part of the energy end use in Sweden comes from the residential sector: 

 
Figure 1- energy end use by sector (2013) with data from "Energiläget i siffror 2015" 

The residential energy end use percentage hasn’t changed with more than two percentage points 
during the last 20 years, which is a bit alarming considering the increased effort in energy 
efficiency since then. This can be accredited to an effect called the “Rebound Effect” (Jonsson, 
Daniel et al. 2011) which states that, if the energy used per consumed product is reduced, that 
means there’s space to consume more, making the net energy savings much smaller than it should 
be. One positive factor to be considered however, is that the average living area per person has 
increased with 135% between 1950 and 1990 (Hedberg, Leif et al. 2003), without any obvious 
signs of increased energy use. 

As a comparison for the measured values in the field study, the Swedish total energy use within 
the household sector is 147 TWh (Energiläget I siffror 2015) which would equal approximately 
15 MWh per capita, with the population of Sweden as of September 2015.  

An important factor to consider when realizing different trends in energy use within buildings is 
how it’s divided within the sector. Approximately 85% of all the energy use of domestic buildings 
can be accounted towards the actual use of the building, while the other 15% comes from 
transportation, building and demolishing. (Hedberg, Leif et al. 2003) 

2.2 Regulations, standards 
The multitude of energy usage directives all over the world shows that there is a consciousness 
towards energy efficiency. Examples of these are the Kyoto Protocol (UNFCC) and several 
European Norms, as well as the European Energy Efficiency Directive (2012/27/EU). One of 
the most prominent European Norms is the EN15232, described in c. 2.1.1. In Sweden, the 
National Board of Housing, building and planning (Boverket) is a prominent driver of regulations 
and controls within the area. 

38% 

23% 

39% 

Energy end use by sector (2013) 

Industry

Domestic transports

Residential and services
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2.2.1 EN15232 
After a building has been equipped with some sort of automation system for HVAC and lighting, 
it is assigned one of four efficiency classes based on this standard, A-D. The detailed 
requirements are shown in the graphic below, but can be summarized: the more factors taken in 
consideration in the automation system (outdoor temperature, wind, ambient light, etc.) the 
better grade. This standard was set by the European Union Transport, Telecommunications and 
Energy Council (TTE) in 2007, and has been revised several times since then. (ABB EN15232) 

 
Figure 2- Building automation grades according to EN15232 (ABB EN15232) 

The figure shows that, even the “standard” automation settings are rather advanced: it requires 
individual temperature controls in each room, compensated for outdoor temperature, as well as 
individual air flow controls with humidity balancing. While this might be a rather low standard 
for new productions, it is rare for older buildings to have all, or any, of these settings. On the 
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other end of the scale is the High energy performance building automation and control system (BACS) and 
technical building management (TBM) which requires some of the latest and most advanced technical 
features for a building.  

2.2.2 European Energy Efficiency Directive 
This directive sets a target of saving 20% of the EU primary energy consumption by 2020, as part 
of a larger strategy called Europe 2020 Strategy, aiming towards increasing jobs as well as smart, 
sustainable and inclusive growth. It also highlights energy efficiency as one of the key factors of 
sustainability on a larger scale.  

Mentioned also is the general indifference to district heating and cooling (§35), which isn’t as 
applicable to Sweden as it is to other member countries, since Sweden has a very wide spread 
district heating networking reaching a large part of the population. 

A key point is to support transparency in the energy market (§47) to allow for a more conscious 
choice of providers, as well as an exchange of best practice and guidelines. 

 

2.2.3 Boverket – The national board of housing 
This national board has been diligent in the publication of standards regarding house building 
and planning, and their most relevant work can be divided into two parts: regulations and 
templates. 

When it comes to regulations in energy efficiency, some of the most important ones are: 

• 2014:267: A regulation that forces building owners to allow for individual energy audits 
for each apartment in a complex, and use this as incitement to reduce energy usage 
individually. (Boverket 2014:267) 

• Electricity providers should bill the clients for the actual measured electricity and not a 
preset price, assuming the provider has access to the actual values. (Fastighetsägarna, 
2014) 

On templates, the most commonly used is the Energy Performance Audit (EPA), which is a 
standardized template to map private residential areas individually. It contains a lot of details, 
such as 

• Total heated area 
• Type of heating system (district, electric, water) 
• Average annual energy usage 
• Energy performance 
• Ventilations and air flow measurements 

It could also contain suggestions for improvements if needed, as well as radon tests. On newly 
produced houses, it has to be done within two years of completion. Once this is done, it is valid 
for ten years, and is kept in the Boverket registry. (Boverket Energideklaration) 

2.2.4 Energy requirements by Boverket 
In the EPA a number is presented as the specific energy use, a value calculated by taking the energy 
use for heating, comfort cooling, warm water and property electricity, subtracted by internal heat 
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additions (this could be the refrigerator transmitting heat, using the oven etc.) and internally 
produced energy, and taking this number divided by the total heated area (the floor area that is 
being heated over 10°C): 

𝑊𝑊𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =
𝑁𝑁𝑁𝑁𝑁𝑁 𝑁𝑁𝑒𝑒𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒 𝑢𝑢𝑢𝑢𝑁𝑁

𝐴𝐴𝑡𝑡𝑠𝑠𝑡𝑡𝑠𝑠
 

For an apartment located in central Sweden (the Stockholm area and its surroundings) the 
specific energy use is limited to 55 kWh/m2 annually for newly produced buildings. This is 
presented in the EPA as one of the key numbers. 

Another requirement is the total installed heating effect. In the same climate zone as before, this 
number is limited to 4.5 kW for apartments smaller than 130 m2, and increasing by 0.025 kW for 
each m2 above that. (BBR19) 

2.3 Technical background 

2.3.1 Household appliances 
A great deal of all the household electricity used is by different household appliances, such as the 
refrigerator, stove, shower, computers etc. There are very different ways to grade each appliance, 
but most of them have a very distinct grading that looks quite the same, but works a bit 
differently. 

In Sweden, the Energy Authority (STEM) has created a set of labels that looks similar for all the 
different appliances, below is an example for a refrigerator/freezer combination: 

 
Figure 3- Energy label for a refrigerator/freezer combination (Energimyndigheten 2014) 

On average, household electricity stands for approximately 63kWh/m2 in multi-apartment 
houses. (Gullberg, A et al. 2007), and food consumption and production is approximately two 
fifths of this.  
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2.3.2 Heating 
There are numerous ways of heating a building, a few of them are: 

• District heating 
• Electric heating 
• Gas/oil boilers 
• Ground source heat pumps 
• Air source heat pumps 
• Solar water heating 

District heating is based on the idea that “somewhere else”, a large heating facility creates thermal 
energy that is transferred through pipes to the buildings that needs it. This is very wide spread in 
Sweden (and Stockholm in particular) with plenty of networks, since this allows for many 
different types of fuel. An example of the district heating grids is the one by Fortum showed 
below. One of the main fuel sources used is household waste, and it’s even imported from the 
neighboring countries in order to fulfill the demand of energy. (ADE 2014) 

 
Figure 4- the different heat facilities and its covering network in Stockholm by Fortum (Fortum) 

One of the main issues with district heating is that the network is limited; assume that one wants 
to have it and lives outside the green area of the above map, the initial cost and effort to expand 
the network is enormous. 
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Electric heating is the simplest way (when it comes to installation and maintenance) to heat a 
building, since it uses radiators and ventilation systems that only needs to be connected to the 
electric grid in order to run. It is, however, quite inefficient compared to district heating since 
small-scale radiators will, even with 100% efficiency, not be as efficient as district heating. There 
are new types of electric heaters on the market, but those are not very accessible in Sweden. The 
demand for these is low thanks to the wide-spread district heating and extensive use of ground 
source heat pumps elsewhere. For buildings not connected to any of these grids it might be 
worth looking in to as a temporary solution, but not on a longer term as ground source heating 
(for instance) is much more viable. One of the newer things on the market is the infrared heater, 
(Funkyheat) which doesn’t use the conventional convection heating that normal heat powered 
radiators do.  

All the other types of boilers and heat pumps are specifically useful for single-family houses of 
the smaller type, and not necessarily the multi-apartment complexes that are emphasized in this 
report. 

There are numerous areas where progress can be done within HVAC energy use, and the most 
prominent changes that can be done are (Gullberg, A et al. 2007): 

• Changing windows 
• Adding isolation 
• Control systems for ventilations 
• Changing heat supply 

Most of these areas are relatively costly and is, in multi-apartment complexes, not up to the 
individual to change, but rather to the organization as whole. 

2.3.3 Lighting 
The Swedish union for lighting producers and retailers has an incredibly wide array of brochures 
and information letters regarding light setting and the environmental impact it has, as well as 
plenty of advice on how to reduce the energy usage drastically. In one of the brochures (En 
Ljusare Framtid, 2013) it is stated that 80% of the electric consumption can be saved. In public 
places, where strip lights are used, it’s easy to calculate how much energy that can be saved. There 
are two types of fluorescent lights that are presented, the T8 and T5. T8 is the classic strip light, 
which, albeit being ten times more efficient than the same effect of light bulbs, is about 30% less 
efficient than the modern T5 strip lights. The technical difference between the two is that the T5 
works on a higher frequency and thinner pipes. (Vattenfall) 

 
Figure 5- the savings from upgrading the lighting system. (Vattenfall) 

-14- 
 



The figure above shows four levels of energy use when it comes to public areas: 

• 1. The use of T8 strips without any automation 
• 2. T5 strips without automation 
• 3. T5 strips with dimming function and daylight offset 
• 4. T5 with dimming, daylight offset and presence control. 

On a domestic level where actual light bulbs are used, up to 80% of the energy usage can be 
saved by switching to low-energy or LED lamps. It isn’t very common to have presence control 
or daylight offsets in a domestic house, however installing a dimming function on the brightest 
lights will make a good difference in the energy use. 
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3 Problem formulation 
Keeping a status quo in the energy consumption will have disastrous effects on the climate with 
huge parts of the world being uninhabitable, and the rest merely uncomfortable. One of the 
absolutely biggest issues is the energy conversion rates of the average citizen, leading to a deficit 
of resources and pollution of the environment in an alarming rate.  

In order to maintain a comfortable life, not only do we have to invent new means of energy 
extraction, we also have to reduce the usage by a great deal. Crudely seen, this can be done in two 
ways: 

• Changing our habits – travel less, consume less, recycle more, or 
• Streamline our habits – travel smarter, use more efficient products and adapt to new 

technology. 

On the matter of streamlining our habits, there are numerous areas in which this can be done. 
The problem is to see where the issues regarding overconsumption are biggest and find where 
the most improvements can be done. Specific consideration to this is taken to household energy 
use as this is very relatable to many people. 

4 Goals 
From the problems presented above, the following goals are extracted: 

• What is the latest technology in energy efficiency? Is it possible to implement it with 
current budgets or will further incentives be needed? 

• How much energy can be saved by streamlining the energy use of small apartments? As 
an individual, how much difference is possible to obtain by changing some, or all, the 
inefficient parts of the living area? 

• Which of these areas are most economically viable to upgrade on a short or long term 
basis? 

  

-16- 
 



5 Generalizations and assumptions 
• One of the major assumptions is that all values and numbers found are relevant for the 

Stockholm area and its surroundings. 
• All the spreadsheet data on appliances are near the real values and thus the given values 

from the manufacturers will be used 
• All the incandescent light bulbs of certain wattage have the same luminous flux. All bulbs 

are assumed to be the most efficient available. 
• The domestic appliance use is constant over the year (the refrigerator, stove etc). These 

shouldn’t change much since the indoor temperature is somewhat constant- the 
refrigerator might even use less energy since it’s close to the door of the apartment, 
causing it to stand in a colder place than the rest of the apartment. 

• The values from the EPA are valid for all apartments, despite size and level. The fact that 
the apartment in the field study is on the bottom floor with an unheated storage room 
below is neglected. 
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6 Method 
The method used: 

• Mapped all the different household appliances, lights and ventilation systems 
• Found out, for each individual item/system, what the latest technology is 
• Calculated the economic viability of upgrading each item/system to the latest technology 
• Summarized all the parts and see how much of a difference can be made. 

6.1 Mapping the household appliances 
There are very many different items in the households that use electricity, and each contribute to 
the electric bill; some more, some less. An idea here is to separate the items into subgroups, such 
as Lightning, HVAC, Kitchen appliances, Bathroom appliances and Living appliances.  

In the subgroup of Lightning appliances, all of the lights in a household setting are gathered 
together. The problem here is that different people have different requirements when it comes to 
light setting, daily use etc. and this has to be taken into consideration in a sensitivity analysis. 

One of the key factors in Heating, Ventilation and Air Conditioning (HVAC) is which type of 
heating that is present in the living area; if there’s district heating, the numbers regarding 
electricity consumption per heated square meter are far different, even orders of magnitude, off 
those from electric heating.  

Kitchen appliances is a major subgroup when it comes to domestic electricity use, as some of the 
appliances are running around the clock, and others have a high power use for a short time. Then 
again, the kitchen use differs a lot between different households, so a wide sensitivity analysis is 
needed here too. 

The major energy users within Bathroom appliances are the shower and toilet for most 
bathrooms, but local floor heating will also be included, as it is much more common to have it in 
the bathroom than any other room. 

Living appliances could also be called the “other” subgroup, where everything not included in the 
other areas are covered, for instance computers (or their chargers), TV, vacuum cleaners etc. 

6.2 Finding the latest technology 

6.2.1 Lighting 
The obvious latest accessible technology when it comes to lighting is LED lights (in domestic 
settings) and T5 strips (in public areas). This has been considered such a big upgrade that non-
LED (or low-energy lamps) are not sold anymore in Sweden. (Ahlqvist Johansson, Helena, 2015) 

There are many energy classes within lamps, and it’s easy to calculate: it’s all about the luminous 
flux per watt.  
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Figure 5 – the energy classes of light bulbs https://commons.wikimedia.org/wiki/File:EU_lamp_energy_classes.svg 

All levels of light bulbs are easily accessible, albeit the more efficient ones might be a little bit 
more expensive. Assuming that an apartment switches from a mix of different lamps to strictly 
A-class lamps, it’s quite easy to calculate the savings from this. 

6.2.2 Heating, Ventilation and Air Conditioning 
Since there are so many different ways of heating a house, it’s difficult to find the one latest 
technology for it. In cities, it’s obvious that district heating is the preferred method, since it’s very 
accessible and has a low running cost, as well as enabling several different energy generation 
technologies at the same time. (ADE 2015) in Sweden, the district heating is very 
environmentally friendly since a good part of the fuel is waste heat from factories and burnable 
household waste. 

The heat has to be distributed through the house however, and this can be further improved by 
different types of pumps and radiators. This also applies, and is much more central, to houses 
without district heating. Switching to a new, effective circulation pump can save enormous 
amounts of energy every year. (Energimyndigheten 2010) 

When it comes to electric heaters, both stationary and portable, there are a few new items on the 
market. For instance, infrared heaters are gaining market shares slowly, but at the moment they 
are rather difficult to find in Sweden. 

6.2.3 Kitchen appliances 
Almost all common kitchen appliances have an energy grading scale, even if the details differ 
from case to case. For instance, the labeling for dishwashers and refrigerator/freezer 
combinations look like this: 
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Figure 6- energy label for dishwashers (Energimyndigheten 2014) as well as refrigerator/freezer combinations 

Where additional details are required such as noise, water use and more for dishwashers and 
volume and noise are required for refrigerators/freezers. Worth mentioning however, is that the 
energy use of the refrigerator differs a bit on several factors: 

• Actual temperature setting – lowering the set temperature by 1°C increases energy use by 
5% 

• Ambient temperature 
• Frequency of door openings 

All of this adds up, making the calculations regarding energy use very irregular. The 
measurements for the label however, are standardized to replicate “normal use” of a two-member 
family. 

Every possible kitchen appliance has the same type of labeling, so repeating this for all of them is 
not necessary. The Swedish Energy Authority website has information regarding the other labels. 

6.2.4 Bathroom 
There are a few technological advances in showers as well. Using different methods of kinetic 
energy, some companies have found ways to reduce the water use without lowering the customer 
experience. This could lead to a 36% decrease in water usage as compared to a normal shower. 
(Brizo 2015) A much more distinct difference can however be found by changing habits; 
reducing the shower times etc. 
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6.3 Economic viability of upgrading 
In order to fully compute the economic viability of the specific upgrades, there are a few key 
factors that need to be taken into consideration: 

• Initial costs for each product (price) 
• Running costs for the currently installed products 
• Running costs for the improvements 
• Expected lifetime for the new products 
• Possible interest rates for the investments 

Using all of these values for each appliance, it’s possible to make net present value calculations, 
meaning the actual total cost or profit from making an investment based on the current value of 
the money used. The formula looks as follows: 

 

𝑁𝑁𝑁𝑁𝑁𝑁 =  
𝑅𝑅𝑡𝑡

(1 + 𝑖𝑖)𝑡𝑡
 

Where t is the time of the cash flow, i is the discount rate, and Rt is the net cash flow at the time t. 

Since all the measurements are in energy use per year, the number of kWh used and/or saved has 
to be converted into SEK by using the current electricity price. This is, of course, a fluctuating 
value, thus a sensitivity analysis has to be conducted on this as well. 

6.4 Summarizing the energy use 
When all the net present values are created for the upgrades, it’s time to make a sensitivity 
analysis for the following reasons: 

• What happens if the electricity price fluctuates? 
• What if one of the new products breaks before its expected lifetime, what are the 

maintenance costs? 
• Currently the interest rates for bank loans are very low, making it exceptionally viable to 

upgrade items. What happens if the rates go up? 

When all this has been taken into consideration, it’s time to discuss the incentives and efforts 
required to follow through on the updates. 

6.4.1 Model for all appliances 
For each of the subgroups of appliances, the total energy use is calculated on the following 
model: 

Appliance Subgroups Energy use Optimal energy use 

      

     

   Table 1- model for the appliance subgroup energy use 

The energy use is calculated with 
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𝐸𝐸𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑊𝑊 × 𝑇𝑇𝑡𝑡𝑠𝑠 

Where Etot is the total energy use per year [kWh], W is the effect [kW] and Top is the hours 
operated per year. 

When all the subgroups are calculated and summed up, they will be added into a summarizing 
table: 

Appliance Current electricity use per year optimal electricity use per year 
Lightning 

  HVAC 
  Kitchen 
  Bathroom 
  Living 
  And the difference between the total current electricity use and the optimal electricity use will be 

calculated in order to find how much energy that can be saved.  
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7 Field Study 

7.1 The object 
The field study is conducted on an apartment located in central Stockholm, on Styrmansgatan 13. 
This is a building constructed in the 1920s, which means that the ventilation, isolation and 
heating is very inefficient. Over the years, the house has undergone several renovations; one of 
the major ones was in the 1970s when the house was turned into a brothel. Because of this, the 
idea was that each inhabitant was to pay for their own places, even the heating. That caused the 
property owners to install electric heaters and not central, something that might’ve been regretted 
afterwards since this reduced the value of the property drastically.  

The apartment itself is small, 22 m2, with two large windows facing the inner yard. It is also on 
the bottom level, making the inner yard work as a cauldron and heating the apartment to 
uncomfortable levels during sunny summer days. The windows are old and flimsy with two 
glasses, and are therefore leaking plenty of energy when the difference between inner and outer 
temperatures is large. The door is from the 1970’s and not isolated, making a bit of heat escape 
there when the gateway gets colder. Finally, the level below is unheated, making the floor very 
cold during the deep Swedish winter. All in all, this means that a lot of energy is needed to heat 
the apartment 9 months of the year. 

The Energy Performance Audit (Annex 1) shows that approximately 117 kWh/m2 is needed to 
heat the apartment building every year, more than twice as much as the required maximum effect 
for a newly produced apartment complex.  

7.2 Measurements 
In the measurements, it is assumed that the apartment follows the EPA values of 117 kWh/m2 
for heating, multiplied with the 22m2 that is the apartment size, giving 2574 kWh annually for 
heating. This is a very round number since it’s based on all the apartments in the building, and 
each apartment has different properties, as well as different uses. Some are standing empty with 
the heating off, while some are actively used; some have windows open letting out excess heat 
half the time and some are carefully heated. By all means, the value should be in the correct 
magnitude at least. For the other appliances, a more thorough approach is taken. 

With the current prices on district heating (värmepumpsguiden) the running costs are marginally 
cheaper than the currently installed direct electricity. This coupled with installation costs in the 
hundreds of thousands of SEK; this is not economically viable whatsoever. 

7.2.1 Lamps 
All the lamps in the apartment are mapped: 
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Table 2- mapping of the lamps in the apartment 

The idea for the replacement is to keep the total amount of lumen-hours per year, or the total 
amount of light needed during the whole year. All the lamps in the apartment are currently 
incandescent, and replacing them all with LED’s would save approximately 65 kWh annually. In 
this model, it is assumed that a 4W LED light has approximately the same luminescence as a 
25W incandescent bulb, and a 6W LED has the same as a 40W incandescent, and a 10W led has 
the same as a 60W incandescent. Also, the number of hours each lamp is active is also a round 
number, but it should be somewhat accurate over a longer period. (Eartheasy 2014) 

7.2.2 Kitchen energy use 
The following pieces of equipment are installed in the kitchen: 

• Stove: Whirlpool FSSM6, with European Energy rating A. It’s used approximately 30 
minutes every day on max effect, making the annual use 180 hours. On max effect it uses 
approximately 2kW. 

• Refrigerator/freezer combination: IKEA “Råkall”, energy rating A+. This piece of 
equipment is active around the clock, making the annual use 8760 hours. According to 
the product information, based on standard testing, it uses 279 kWh per year. 

• Stove fan: Whirlpool AKR 672, energy rating E. This, like the stove, is active 180 hours 
annually. On full effect, it uses 120W of effect; however it’s rarely even used on half 
effect. This makes it less than a tenth of the energy used by the Stove and will thus be 
ignored. 

• Microwave: Matsui SMW17, energy rating D. This piece of equipment is active a couple 
minutes every day, so even if the effect is high, the total energy use is neglectable. 

7.2.3 Bathroom energy use 

• Shower: a normal shower uses about 10-15 kW, including the domestic warm water 
heating. Therefore, a 5 minute shower is approximately 1 kWh, and doing that every day 
makes for 365kWh of energy per year. 

• Floor heating: the Ebeco Cable set 50 uses approximately 200W of energy on full effect, 
which is active in total one month per year, making it about 146kWh annually. 

Lamp effect [W] luminescent flux [Lm] active hours/day active hours/year effect if LED [W]
kitchen ceiling 60 750 0,1 36,5 10
living room ceiling 60 750 0,2 73 10
bathroom ceiling 40 450 0 0 6
kitchen window 25 250 2 730 4
living room window 25 250 2 730 4
kitchen fan 40 450 1 365 6
bed table 25 250 0,1 36,5 4
bathroom spotlights 25 250 2 730 4
TOTAL 300 3400
sum Wh (old) 76832,5
sum lumen-hours 803000
Led lights effect [W] luminescent flux [Lm] sum Wh replaced lamps 12191

4 250 savings by replacing all 64641,5
6 450

10 750
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7.2.4 Living room energy use 
There isn’t much energy used at all in the living room, but the two main appliances are: 

• TV: Samsung UE32H, energy rating A. 
• Vacuum: Centurion RDE125 robot 

7.3 Economy 
In order to compare the savings from upgrading the appliances, the optimal products have to be 
chosen. The list of the products used for comparison is: 

• Stove: Bosch HCE778353U (Elgiganten 1) using 0.68kWh per cycle, where one cycle is 
the energy required to heat a steak. Compared to the current stove using 0.84kWh per 
cycle, that means a saving of approximately 19%. (Energimyndigheten 2014) 

• Refrigerator: Bosch KGE36BW40 (Elgiganten 2) using 149 kWh per year with 
standardized use.  

• Shower heads: According to (Energimyndigheten 2011) about 50% of the energy used by 
showers can be saved by switching to a low-flow shower head. 

• Floor heating: Changing this would require a complete renovation of the bathroom, and 
is thus not viable in terms of saving energy. 

• TV: (Elgiganten 3) using 40 kWh per year with standardized testing, as compared to the 
current installed using about 50 kWh per year. 

• The vacuum cleaner is (sadly) used so little that the energy use is neglectible. 

In addition, the current electricity price is 0.82 SEK/kWh (Fortum 2015) 

8 Results 

8.1 Field study results 
By using the model presented above, the following data has been extracted from the field study: 

Appliance Subgroups Energy use/y Optimal energy use/y 

Kitchen Stove + oven 360kWh 291kWh 

  Refrigerator/freezer 279kWh 149kWh 

Table 3- the energy savings model for Kitchen appliances 

Appliance Subgroups Energy use/y Optimal energy use/y 

Bathroom Shower 365kWh 183kWh 

  Floor heating 146kWh 146kWh 

Table 4- the energy savings model for Bathroom appliances 

Appliance Subgroups Energy use/y Optimal energy use/y 

Living TV 50kWh 40kWh 

  Vacuum cleaner - - 
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Table 5- the energy savings model for other appliances 

Which in total are added up to the combined model: 

Appliance Current electricity use per year optimal electricity use per year 
Lightning 77kWh 12kWh 
HVAC 2574kWh 2574kWh 
Kitchen 651kWh 440kWh 
Bathroom 511kWh 329kWh 
Living 50kWh 40kWh 
TOTAL 3863kWh 3395kWh 

Table 6- total energy use and savings 

And by calculating the difference of these values, it’s found that the total energy saved per year 
by upgrading all of the divisions adds up to 468kWh. 

8.2 Economy 
Investing in an energy efficient stove costs around 7000 SEK and saves 69 kWh per year. This is 
a saving of 57 SEK per year, making the return on investment much longer than the lifetime of 
the stove, so this isn’t viable from an economic point of view. 

The most effective refrigerator/freezer combination use approximately 174 kWh per year and 
costs 7000 SEK. That’s a saving of 130 kWh per year, totaling 106 SEK in energy savings 
annually, making the return on investment much longer than the life span of the product, and is 
thus not viable. 

Upgrading the shower head in the bathroom costs around $30 (Eartheasy 2015) and saves 182 
kWh annually. This is a saving of 149 SEK per year, making a return on investment in less than 
two years. Finally, upgrading the TV saves a few SEK every year making the return on 
investment far longer than the lifetime of the product. This means that, from an economic point 
of view, the only quick, viable upgrade is to switch the shower head to a low-flow one. 

When it comes to heating, it’s generally not economically viable to make differences on existing 
buildings, except for small changes such as adding isolation or switching windows (Gullberg, A et 
al. 2007). Investing in a district heating system costs hundreds and thousands of SEK, and is only 
viable on an environmental basis. Adding a control system for ventilation and heating is a huge 
project for a standing building, and could be done, at best, in conjunction with a larger 
renovation project. 

8.3 Result sensitivity analysis 
There isn’t much to be changed in order for the stove upgrade to be made economically viable, 
however for the refrigerator/freezer combination, it’s possible to consider the second best 
option: a A++ graded appliance (as compared to the A+++ considered above). (Elgiganten 5) 
costs 5000 SEK and uses 255 kWh annually. Compared to the original refrigerator, this is an 
almost inexistent upgrade, and is thus even less viable than the first option.  

For the shower head part, a few key factors can be altered to see if it always is economically 
viable. First off, the electricity price: it is at an all-time low, and will most likely increase with 

-26- 
 



time. 

 
Figure 7- present value calculations for different electricity prices per kWh, for the upgraded shower head. 

This graph also shows that there’s quite a bit of money to be saved on upgrading the shower 
head on a longer time scale. The interest rate has been set to zero since it’s not really viable to 
look for loans for a 300 SEK investment. 

A sensitivity analysis hasn’t been done on the different investment values since these all are too 
small to be considered. Even if the shower head would cost more than 1000 SEK, this wouldn’t 
be interesting since the savings are in the 3000-4000 SEK range over 20 years. 

9 Discussion 
Even if the economic incentives are small or none for upgrading most household appliances, the 
environmental aspects have to be considered as well. Assuming that most appliances’ ecological 
footprint is based on 90% or more on the actual use of the product, the savings are still rather 
large when it comes to emissions. The total energy savings per year was found to be 468kWh, 
which is quite a substantial amount. Just as a comparison calculation, if this was to be enlarged 
into the 9 million people in Sweden (not that everyone can save this amount), this would be 
equivalent of a 4.2 TWh saving of energy. This is more than the total wind energy production of 
Sweden in 2010. (Vindkraftsbranschen 2010) Comparing this to the 147 TWh of energy used in 
residential areas annually in Sweden, this shows a saving of approximately 3% in total, which is 
far from the European Energy Efficiency Directive that asks for a 20% reduction by 2020, as 
compared to 2010 values. However, in Sweden in 2010, the final energy use in residential areas 
was 155 TWh, which means that 9% of that already has been saved. Note too, that the 141TWh 
of energy used is both from the northern parts of the country, where heating amounts for a much 
larger part of the energy use, as well as the south where the field study is conducted. 

The HVAC savings have not been calculated since this is a rather diffuse term. One part of the 
possible improvements would be to install district heating in the building, which is a huge, long-
term investment for the entire building, and isn’t a subject for the individual inhabitants. Another 
side of it would be to reduce the heat loss in the apartment, and this can be done in many ways. 
Isolation in all areas is possible, from the floorboards, to the windows, to the door. These aren’t 
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things that actually cost money, silicon is available anywhere and window reflectors can be found 
at Clas Olsson. This would greatly improve the energy efficiency when the difference between 
inside and outside temperatures is big.  

A huge difference can be made if an environmental approach is taken when renovating the 
building; for instance by investing in good windows, thorough isolation and a regulation system 
for it all to avoid excess heating. The same thing goes for household products; it’s most viable to, 
when an upgrade will be made, to focus on energy efficient products. Interrupting the lifespan of 
currently installed appliances isn’t viable on either a short or long term. 

10 Conclusion 
As the results have shown, upgrading to energy efficient household appliances won’t make the 
house owners rich. It will, however, have a great impact on the environment and be incentive for 
further research and development of new, energy efficient products. It’s seen that, if an upgrade 
of household appliances is done, it’s more economically viable to upgrade to an energy efficient 
product than the opposite, even if the net present value of the upgrade is negative. 

It’s also obvious that there’s a positive impact on the energy bill. Reducing the cost of living in 
the apartment by 100-something SEK per month will increase the value of the apartment greatly. 

All in all, it takes a lot of effort to upgrade everything, and it’ll cost quite a bit of money that 
won’t really be returned within reasonable time, but it will do a lot of good for the environment 
and it’s a great incentive for further action. 

Taking into consideration the Rebound effect (Jonsson, Daniel et al., 2011), the effort required, 
to make a difference in the national energy balance by making small apartments more effective, is 
huge. 

11 Future work 
One of the things that have been left out is calculations on how much energy that can be saved 
by isolation and heat efficiency. This has to be calculated thoroughly, as it’s believed to have a big 
potential of saving energy. 

In addition, it would do good to have this survey done on more than one apartment to have a 
spread calculation on the savings. 
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