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Sammanfattning 

Dammsugare står för en stor del av energikonsumtionen inom EU. Detta dels på grund av att 
höga ineffekter i dammsugare traditionellt har blivit felaktigt sammankopplat med en bra 
prestanda hos produkten. För att reglera detta kommer Europakommissionen introducera en 
ny energietikett för dammsugare från och med september 2014. Med den kommer 
maxgränser för ineffekt att införas och produkter att klassificeras efter energieffektivitet, 
städprestanda, återutsläpp av damm och ljudnivå. Ett företag som just nu håller på att anpassa 
sina produkter till den nya märkningen är Electrolux. Ett av de kriterier som är svårast att nå 
med en lägre ineffekt är dammupptagning på matta (dpuc). Generellt är munstycken med 
motordrivna roterande borstar eller lameller, så kallade aktiva munstycken, bättre på att ta 
upp damm på matta än andra, så kallade passiva, munstycken. 

Målet med denna uppsats har varit att undersöka möjligheten för ett dammsugarsystem att 
uppnå de högsta klasserna i energieffektivitet – A till A+++ – men samtidigt behålla en god 
dammupptagning – klass C eller bättre – på matta. Detta gjordes genom att anpassa ett aktivt 
munstycke från Electrolux till ett lägre luftflöde och lägre undertryck. Ett flertal motordrivna 
borstvalsar togs fram och testades i detta munstycke enligt industristandarden för 
prestandatester. 

Det kunde konstateras genom testning att det var möjligt att nå de högre klasserna i 
energieffektivitet och samtidigt behålla en god dammupptagning.  
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Abstract 

The power use of vacuum cleaners accounts for a substantial share of the total energy 
demand in the European Union. This partly due to the common notion associating good 
vacuum cleaner performance to high input power. To regulate this European Commission 
will introduce a energy labeling standard from September 2014 that will enforce a power cap 
for vacuum cleaners and classify them according to energy efficiency, cleaning performance, 
dust-emission and sound power level. One company currently trying to adapt their products 
to this label is Electrolux. The one performance criterion that is currently the furthest from 
being reached is the level of dust pick up on carpet (dpuc). Traditionally, motorized vacuum 
cleaner nozzles with agitators, so called active nozzles, pick up more dust on carpet than 
other (passive) nozzles. 

The aim of this thesis has been to investigate whether it is possible for an Electrolux canister 
vacuum cleaner system to achieve the highest energy efficiency class – A to A+++ – while 
maintaining a good cleaning performance – class C or better – on carpet. This was done by 
constructing an active nozzle which performed well on carpet on low input power. An 
Electrolux active nozzle was adapted to function better with lower airflows and less vacuum. 
Several prototypes of different agitators were developed and tested in the nozzle according to 
industry standard testing methods.  
It was concluded from testing that it was possible to reach the higher classes – A to A+++ – 
in energy efficiency while maintaining a good cleaning performance class. 



 

  



 

Acknowledgements 

Many people have been of great assistance in this project and we could not have done it 
without you. First and foremost, we wish to thank our supervisor Maeva Schaller at 
Electrolux Advanced Development for the incredible involvement and dedication to the 
thesis. You really helped making the project go as smoothly as it went.  
Virtually every employee at this department has been of great importance for this thesis. 
Among whom we especially would like to thank Erik Dahlbeck for all his help and his 
unbending positive attitude. Also Henrik Eriksson, Henrik Holm, Fredrik Sjöberg and Johann 
Zita require recognition. We would also like to thank Håkan Miefalk and Niklas Melin for 
excellent guidance, and employees at the department of Technology and Laboratory for 
insight and support. Above all Lennart Carlsson and Bo Pilsmo for their help on dust pick up 
technology and Andreas Klintemyr for all rewarding discussions and for letting us take up 
space in his lab. We would also like to thank Erik Ström expertise in the tool shop. 
Lastly, we wish to thank our supervisor at KTH, Conrad Luttropp, for the great support in 
thesis writing and our long conversations on the topic of vacuum cleaning technology. 

  



 

  



 

Glossary 

English Swedish Abbreviation/ 
Character Explaination 

Airflow Luftflöde Q Measurement of air 
movement per second 

Annual energy 
consumption 

Årlig 
energiförbrukning AE 

Average power 
consumption over a 
year 

Back stroke Bakslag BS Backward movement 
of the nozzle 

Bristle Borststrå  
A straw in a brush 

Brush cover Dysa  

Lid keeping the brush 
in place containing the 
nozzle inlet 

Brush roll Borstvals  

Rotating agitators 
used in active 
nozzles 

Carpet fiber Mattfiber  
The fibers of which the 
carpet is woven 

Carpet wear Mattslitage  
Loss of fibers in the 
carpet due to cleaning 

Canister vacuum 
cleaner Dammsugare  

Vacuum cleaner with 
motor and dust 
separator in a mobile 
unit separate from the 
nozzle  

Clogging Tilltäppning  

Loss of airflow due to 
the filling of dust 
container 

Double Stroke Dubbelslag DS 
A parallel front and 
back stroke of the 
nozzle 

Dust pick up Dammupptagning dpu 
Percentage of dust 
picked up from a 
surface 

Dust pick up on 
carpet 

Dammupptagning 
från matta dpuc 

Percentage of dust 
picked up from a 
carpet 

Dust pick up on 
crevice 

Dammupptagning 
från springa dpuhf 

Percentage of dust 
removed from a 
crevice 

Engagement level Djup i mattan  

The depth the brush 
roll reaches in the 
carpet 

  



 

 

English Swedish Abbreviation/ 
Character Explaination 

Front stroke Framslag FS Forward movement of 
the nozzle 

Inlet Inlopp  
Opening in nozzle 
towards the floor 

Lamella Lamell  
Flexible flap 

Motion resistance Rörelsemotstånd MR 

Force in Newton that 
the user experiences 
through the handle 
when vacuum 
cleaning 

Selective Laser 
Sintering - SLS 

Additive 
manufacturing 
method 

Stick Vacuum 
cleaner Stickdammsugare  

Battery driven 
upright vacuum 
cleaners 

Suction Power Sugeffekt P2 
Power in a nozzle. 
Product of airflow 
and vacuum 

Vacuum Undertryck p  
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1 Introduction 
The number of vacuum cleaners within the EU are steadily increasing due to a shorter 
lifetime of the product and the fact that it has become more common to own more than one 
vacuum cleaner (AEA Energy & Environment, 2009). The power use of vacuum cleaners 
accounts for a substantial share of the total energy demand in the European Union (European 
Commission, 2013a). End-users have traditionally associated good vacuum cleaner 
performance to highly rated input power, which have lead to an increase in consumption of 
domestic vacuum cleaners with high input power but low efficiency. This while professional 
vacuum cleaners perform better using 30 % less energy.  

To regulate this trend, the European Commission (EC) has developed ecodesign requirements 
(Directive 2009/125/EC) for vacuum cleaners. A new energy labeling standard will be 
implemented from the 1st of September 2014 and further toughened three years later 
(European Commission, 2013b). From 2017, vacuum cleaners will be graded with energy 
efficiency classes, ranging from A+++ to D. Cleaners will also be graded in performance 
classes according to their dust pick up performance, dust re-emission and sound power level. 
The commission specifically states that the implementation of the ecodesign requirements 
may not affect the function of the product negatively for the end user, nor may they have a 
negative impact on health, safety or the environment (European Commission, 2013b).  
One of the major vacuum cleaner manufacturers on the European market is the Swedish 
company Electrolux. They strive to achieve the highest possible energy efficiency grade for 
at least one model in their product range. In order to reach this goal, the performance must be 
maintained in the vacuum cleaner system while the input power is substantially lowered 
(Schaller, 2013a). A performance criterion that is currently among the furthest from being 
reached is the level of canister vacuum cleaner dust pick up on carpet (dpuc). Traditionally, 
motorized vacuum cleaner nozzles with agitators (active nozzles), pick up more dust on 
carpet than other (passive nozzles) (AEA Energy & Environment, 2009). With an active 
nozzle, Electrolux top performing canister vacuum cleaners pick up 85 % on carpet, while 
using over 2200 W in total input power.  

In order to be graded with the highest energy efficiency label, A+++, a vacuum cleaner may 
only use a maximum input power of about 250 W (Beskow, 2013). With the current design of 
vacuum cleaners, the dust pick up percentage on this power will be significantly lowered, 
which consumers will be unlikely to accept. The real challenge will thereby to lower the input 
power by almost 90 %, without inflicting much on performance.  
The first motorized agitators, hence forward referred to as brush rolls, in active nozzles were 
wooden cylinders with horse hair bristles (AEA Energy & Environment, 2009). Though the 
materials have been changed, the overall design of the revolving brush roll has merely been 
altered since the introduction (Schaller, 2012). An improved solution might be the key to 
improve dust pick up on carpet, thus enabling a vacuum cleaner system to achieve the highest 
energy efficiency class. 

1.1. Aims and objectives 
The aim of this thesis has been to investigate if it is possible for an Electrolux canister 
vacuum cleaner system to achieve the highest energy efficiency classes – A to A+++ – while 
maintaining a good cleaning performance – class C or better – in accordance to Directive 
2009/125/EC (European Commission, 2013b).  

This was done by constructing an active nozzle which performed well on low power. Several 
concepts have been developed and tested according to industry standard. The best performing 
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concepts have also been tested to perform on hard floor. The result of the thesis has been 
discussed on terms of how it was achieved and how it will influence the end user. 

1.2. Scope 
The thesis has only focused on active nozzles, and mainly their dust pick up performance on 
carpet (dpuc). Alternatives to the commonly used revolving brush roll have been investigated. 
Other parts of the vacuum cleaner system have been left out, and no other types of nozzles 
have been investigated. Considerations have however been taken to passive parts of active 
nozzles.  

The performance on hard floor have not been prioritized. Still – as the nozzle must be able to 
be used on both carpet and hard floor – the cleaner must fulfill the minimum requirements in 
the energy labeling standard. Negative effects such as damage to the floor or decrease of dust 
pick up on hard floor have also been taken into account. Other aspects of the active nozzle 
performance such as handling or fiber pick up has not been considered in this project. 

1.3. Method 
This project was done as a collaborative project between Jens Leffler and Christoffer 
Sörmark and the report exists with two master thesis project numbers. It has been using 
Electrolux’s standard process for developing new products, called Innovation Activation (IA). 
This process uses several different sub-processes, out of which the specific sub-process 
Advanced Development (AD) was applied. This process starts by formulating a core problem, 
and the expected result is a functional prototype (Electrolux, 2012). 
The Advanced Development process consists of four steps separated by meetings with a 
steering group. The first step is the Pre-study, ending up in the first steering group meeting, 
API, where the scope of the project is defined. The second phase is Creation of Ideas, 
resulting in a list of concepts defined on the second meeting with the steering group, ACP00. 
The third phase, called Solution and verification focuses on verifying the concepts, and on the 
third meeting, ACP0, one or two concepts are chosen for further development and testing in 
the last phase, Hardware and solution. This phase should end up with a functional prototype 
presented at the last meeting, ACP1. After this, the concept may be deemed fit for further 
development in the Product Development phase. An illustration of the Advanced 
Development process is seen in Figure 1. 

 
Figure 1 The Advanced Development process. 

The developed prototypes were tested according to dry vacuum cleaner performance standard 
measurement IEC 60312-1 (IEC, 2010). Deviations from the standard were made when 
quantitative testing was needed to determine functionality or evaluate new technology. 
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2 Vacuum cleaning technology and energy efficiency 

labeling 
This chapter contains a short introduction to vacuum cleaners and the principals of dust pick 
up. Domestic vacuum cleaners have been around for about 100 years (Eriksson, 2012), and 
the principal design has basically been unaltered since. It consists of a motor with impeller 
or fan, a nozzle connected to a tube and hose and some type of separation and filters. A 
principal sketch of a canister vacuum cleaner system is displayed in Figure 2. 

 
Figure 2 A principal sketch of a canister vacuum cleaner system. 

2.1 Principals of vacuum cleaning 
In order to create an air flow from the nozzle to the dust container, a fan creates a lower 
pressure than the surrounding atmosphere – a vacuum – forcing air through the system. The 
combination of the pressure difference, ∆!, and the airflow in the nozzle, !, is called suction 
power, !!, which is defined as 

 !! = ∆!" (1) 

The efficiency,!, of a vacuum cleaner is the fraction of suction power through input power, 
!! (Eriksson, 2012). Traditionally, consumers use input power to compare the performance of 
vacuum cleaners (Seez, 2013; European Commission, 2013a). However, the ability of a 
vacuum cleaner system to clean is more complex. Most decisive is a factor called dust pick 
up (dpu) (Pilsmo, 2013). This factor is the percentage of dust that is picked up from various 
types of surfaces during cleaning. Most decisive for this factor is the design of the nozzle. 
The vacuum built up by the motor creates an airflow that will remain constant throughout the 
entire vacuum cleaner system. The speed of the air, v, however, varies depending on the cross 
section area, A, according to the formula 

 ! = !
!
 (2) 

The highest airspeed is found in the nozzle and is determined by the area of the slit between 
the nozzle and the floor. This airspeed is what lifts dust particles off the ground and into the 
nozzle. (Eriksson, 2012). 

The technique for vacuum cleaning differs depending on the surface. On occasion, separate 
nozzles are used for cleaning hard floors and carpets (Eriksson, 2012). In general however, 
combination nozzles – designed to be used on all surfaces – are the most common.  
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Combination nozzles can be divided into passive and active nozzles. The passive nozzles 
have no motorized parts and have different height settings for hard floor and carpets. Active 
nozzles have a motorized agitator, traditionally called brush roll, driven by a small electric 
motor. This rotates on the surface to improve the dust pick up. The active nozzles are not 
adjusted when moved between carpets and hard floors. The difference between active and 
passive nozzle is illustrated in Figure 3. 

 
Figure 3 Principal sketch of an active and a passive nozzle.  

2.2 Test standards  
A vacuum cleaner’s ability to pick up dust is measured in a series of tests. For household 
vacuum cleaners sold in Europe, these tests are specified by the standard IEC 60312-1 (IEC, 
2010). The energy efficiency label features the dust pick up values from carpets and hard 
floor with crevices, and tests determining these values have been performed in every stage of 
the project.  
The dust pick up ability on carpet is measured on a Wilton type carpet, which is made of 
machine woven wool. On this carpet, a certain mixture of fine dust is spread with the 
concentration of 125 g/m2 over a test area 700 mm long and with the width equal to the 
calculated nozzle width, which is the total width of the nozzle minus 20 mm. The dust is 
thereafter embedded into the carpet by rolling a heavy cylinder back and forth ten times over 
the test area. The area is then vacuumed with five double strokes (DS), back and forth five 
times, with a speed of 0.5 m/s. The dust pick up value is the weight of the dust in the bag after 
cleaning divided by the weight of the dust that was spread over the carpet. There are separate 
carpets used for active and passive nozzles since they wear the carpets differently (Pilsmo, 
2013). 
There has been criticism against these test methods from AEA Energy & Environment 
(2009). The two main arguments is that testing only is performed on one type of carpet, the 
Wilton carpet, and that nozzles will be designed to perform well only on this type of carpet. 
The other criticism is that since passive and active nozzles are run on different carpets, it has 
been discovered that the carpets used for passive nozzles maintain tighter piles. The active 
carpets will eventually get more open piles from the beating of the brush rolls, allowing the 
dust to be deeper embedded into the carpet. This means that results for active and passive 
nozzles cannot be compared and that test results for passive nozzles may be too positive. 
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On hard floor with crevices, the dust pick up ability is tested by running the vacuum cleaner 
over a crevice filled with a specific blend of dust. The nozzle is positioned in a 45° angle to 
the crevice and is run back and forth five times with a speed of 0.5 m/s. The crevice is placed 
in a removable insert which is weighed before and after the test. The setups for carpet and 
crevice tests are illustrated in Figure 4.  

 
Figure 4 Standard dust pick up tests on carpet and on crevice. 

The percentage of dust removed from the crevice is calculated through the formula 

 !!" = !"" ∙ !− !!
!!

!
!
!"#!"° (3) 

where !! is the weight of the dust in the crevice, !! is the weight of the dust remaining in 
the crevice after vacuuming, ! is the length of the crevice and ! is the width of the nozzle. 
The dust pick up ability is determined as the mean value of two separate measurements. 

2.3 Forces in the nozzle 
The vacuum and airflow correlate negatively, i.e higher air flow equals less vacuum. 
Nevertheless, it is a combination of the two forces that lifts the dust from the floor. The 
vacuum is needed to force the nozzle down to the floor or in the carpet, making sure that the 
slits towards the surface remain the correct size. The smaller the slits, the higher the airspeed 
which is what overpowers the forces keeping the dust on the floor or in the carpet (Klintemyr, 
2013). These forces are a combination of gravity, van der Waals forces, capillary forces and 
static electricity (Karpe, 1996). However, the slits must still be large enough to enable a high 
airflow, which transports the dust upwards through the nozzle and tube. They must at also be 
large enough compensate for uneven floors and to let larger objects such as pebbles pass 
under (Eriksson, 2012; Pilsmo, 2013). In short, there are many compromises in the design of 
a vacuum cleaner nozzle. An illustration of the nozzle, defining parts and features, could be 
seen in Figure 5. 
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Figure 5 Definition of parts and features in a nozzle. 

The downward force resulting from the pressure difference, Δ!, acting on the nozzle inlet 
area, A!"#$%,, keeps the nozzle in the carpet according to the formula 

 ! = !!!!"#$% (4) 

If this force becomes too large, the motion resistance will rise and it will be hard for the user 
to move the nozzle back and forth. Motion resistance over 40 N is considered too high to be 
user friendly and is avoided (Pilsmo, 2013). An average nozzle inlet has an area of around 60 
cm2, meaning that an increase of 1kPa in pressure difference normally is equivalent to an 
increased downward force of about 6N. 

Since this project is focusing on low input power, the vacuum will also be lower than the 
average vacuum cleaner. For this reason it might prove necessary to add weight to enable the 
nozzle to have the right slit size towards the floor and carpet. The lower levels of on vacuum 
makes leakage and angles of opening towards the carpet crucial parameters for this project 
(Pilsmo, 2013). 

2.4 Loosening and transporting dust from carpets  
The process of vacuum cleaning a carpet can be divided into two sub processes: loosening 
and transporting dust (Schaller, 2012). Firstly, all forces which keep the dust in the carpet 
must be overcome, a process called loosening. This can be done either mechanically, by air 
friction or with a combination of the two. In a passive nozzle the dust could be mechanically 
loosened by forcing an inlet edge down into the carpet. In an active nozzle, dust is loosened 
by a moving part, typically a rotating brush roll.  
If not done mechanically, the forces loosening the dust are air resistance (drag) which is 
dependent on airspeed, air viscosity friction and the Bernoulli pressure effect linked to the 
pressure difference between the inside and outside of the nozzle (Karpe, 1996). Once the 
particles are loosened, they must immediately be transported up into the nozzle, otherwise, 
they might return back down again. This is traditionally done by the airflow. In general, the 
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amount of airspeed needed to loosen the dust from a surface is far greater than what is needed 
to transport it up in the tube (Eriksson, 2012).  

Subsequent to lower input power, is a decrease in the amount of vacuum the fan motor unit 
could build up in the system. This results in lower airflow and airspeed. On the other hand 
will power losses in the system be proportionally smaller. A study conducted at Electrolux 
(Windecker, 1996) states that the power loss, !! − !!in a vacuum cleaner system is roughly 
related to the amount of airflow, as  

 !! − !!~!! (5) 

Typically, an electric motor driving a brush roll in the nozzle runs on powers between 30 and 
100 W. This is normally a small fraction of the total energy input in a vacuum cleaner, but 
dust pick up on carpet generally increases to a larger extent than it would if this extra power 
was put on the fan. In short, rotating brushes usually represent a more energy efficient way to 
pick up dust from carpets. This makes active nozzles superior to passive nozzles at low 
energy input (AEA Energy & Environment, 2009).  

Research at Electrolux (Schaller, 2012) have shown that the more power you put into the 
carpet from the same brush roll, the more dust is loosened. Specifically, there are three 
critical parameters to pick up dust on carpet using active nozzles: the engagement level and 
rotational speed of the brush and the vacuum built up in the nozzle (Schaller, 2012). In 
general, the further the brush goes down in the carpet, the more dust will be loosened, 
although more power is used. Dust pick up also increases with higher rotational speed. 
(Schaller, 2012). The vacuum is important since it needs to be high enough to immediately 
direct loosened dust towards the inlet. Figure 6 illustrates the principal behavior of an active 
nozzle on carpet. 

 
Figure 6 An active nozzle on carpet. The engagement level is defined as the depth the brush 

reaches down the carpet. 

2.5 Reducing environmental impacts of vacuum cleaners 
In 2009, AEA Energy & Environment presented a preparatory study for ecodesign 
requirements for vacuum cleaners to the European Commission (AEA Energy & 
Environment, 2009). The report consists of a LCC-analysis (Life Cycle Costing) for vacuum 
cleaners in Europe and forms a basis for the energy efficiency label. It identifies and presents 
paths to reduce the environmental impact of vacuum cleaners. 

The number of vacuum cleaners sold within the EU has increased steadily during the last 
couple of years. This is due to a combination of shorter product lifetime, from over 8 years to 
around 4, and that multiple vacuum cleaner ownership is becoming more common (AEA 
Energy & Environment, 2009). Parallel to this, the rated power on vacuum cleaners has 
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raised from typically 500 W the 1960’s to over 2500 W in 2008 and at the same time the 
energy efficiency has dropped. The overall energy conversion capability of a vacuum cleaner 
system is currently varying between 10 % and 33 % (AEA Energy & Environment, 2009). 
There are over 45 million vacuum cleaners being sold within the EU annually and each one is 
used one hour per week on average. The usage time varies however, from about 15 minutes 
and up to four hours weekly. The usage phase of a vacuum cleaner lifecycle stands for over 
90 % of the environmental impact caused by the product according to AEA Energy & 
Environments (2009). Most of the total energy usage, usage of process water recourses, green 
house gases emitted and acidification is connected to the usage phase.  
AEA Energy & Environment (2009) states that the most effective way to reduce the 
environmental impact of vacuum cleaners is by increase the efficiency of the fan motor. This 
measure could have even more impact if it is combined with improved nozzle design that 
uses a brush roll 
Using a brush roll in the nozzle to remove dirt and dust from carpets could require 
substantially less suctions power than a passive nozzle and therefore less input power. A 
brushing and beating agitator is probably the most effective one according to AEA Energy & 
Environment (2009). 
It is unlikely that a more energy efficient vacuum cleaner will cause behavioral change 
among consumers (AEA Energy & Environment, 2009). Therefore, a power cap is included 
in the energy efficiency label to remove and most power demanding vacuum cleaners from 
the market. This will radically reduce the environmental impact of vacuum cleaners 
according to AEA Energy & Environment (2009). 

2.6 Energy efficiency labeling 
The energy efficiency label will be enforced from the 1st of September 2014. It will classify 
canister vacuum cleaners in energy efficiency, cleaning performance, sound power level and 
dust re-emission (European Commission, 2013a). In the first version of the label, all vacuum 
cleaners sold within the European Union will be classified according to their level of energy 
efficiency on a scale from A to E and there will be a power cap of 1600 W for all products. 
From September 2017 the scale will be changed to classes from A+++ to D and no vacuum 
cleaner will be allowed to use more than 900 W of input power.  

The design of the label is displayed in Figure 7. The average annual energy consumption and 
the sound power level will be marked on the label as numbers. Cleaning performance and 
dust re-emission will be graded A to G. The cleaning performance is measured as percentage 
of dust pick up on carpet and on hard floor (European Commission, 2013b). 
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Figure 7 Displays the energy label valid from 2014 to the left and the one valid from 2017 to 

the right. 

The energy efficiency class is based on the annual energy consumption,  !"  [!"ℎ/!""#$], 
which is calculated with the formula 

 !" = 0.5×!"! +   0.5×!"!! (6) 

in which annual energy consumption for carpet, !"!   [!"ℎ/!""#$], and annual energy 
consumption for hard floor, !"!!  [!"ℎ/!""#$], are calculated according to the formulae 

 !"! = !×!"×!"×!.!!"×!"#!×
!!!.!

!"#!!  !.!
 (7) 

 !"!" = !×!"×!"×!.!!"×!"#!"×
!!!.!

!"#!"!  !.!
 (8) 

In these formulae, 50 represents the average number of hours per year the vacuum cleaner is 
in use, 87 is the average  number of square meters which is vacuumed over the course of one 
hour and 4 is the number of times the nozzle passes over each point on the floor. 0.001 is a 
conversion factor from Wh to kWh. Dust pick up on hard floor, dpuhf, and dust pick up on 
carpet, dpuc are measurements done in accordance to the standardized testing procedure, see 
chapter 2.2. The number 0.2 is a correction factor which is used since standard testing 
procedure uses five double strokes while calculations are only done on two double strokes. 
On average, an extra 20 % of dust is taken up between the second and fifth double stroke 
according to European Commission (2013b). 

Average specific energy consumption, !"#  [!ℎ/!!]  is calculated with the formula  

 !" =    (!!!")×!
!

 (9) 

where the average effective power intake, P, during the cleaning cycles and the average 
power equivalent of battery operated active nozzles, NP, are measured in Watts. In the 
formula, ! is the time in hours for one stroke and ! is the width of the nozzle times the 
distance it covers during a stroke.  
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The maximum achievable grade will be A+++ from 2017. To reach this grade, the annual 
energy consumption must be less than 10kWh/annum. All the energy classes can be viewed in 
Table 1 

Table 1 Energy efficiency classes and limits. (European Commission, 2013b) 

 
The limit for the cleaning performance grades can be seen in Table 2. Since cleaning 
performance is included in the calculations for the energy efficiency grade, it will be hard to 
reach a good energy efficiency grade without having a good performance grade. 

Table 2 Cleaning performance classes and limit values. (European Commission, 2013b) 

 
  



11 
 

 
It is up to the manufacturer to declare what energy efficiency class and cleaning performance 
grade that each product shall receive (European Commission, 2013a). The authorities of the 
member states are responsible to verify the fulfillment of the requirements of each model. 
They will test one unit per model. If this unit does not fulfill the claimed classes and values, 
member state authorities will randomly choose three units to perform additional tests and find 
a mean value.  

2.7 Requirements for Energy efficiency classes 
To investigate the maximum input power which can be used and still achieve the higher 
grades, dpuc, was extracted from equation (4) and varied in relation to P and NP. Dust pick 
up on hard floor was kept constant at 96 %, which represents performance class F. The nozzle 
width was assumed to 280 mm. The result can be viewed in Figure 8. From the graph it is 
evident that it will be hard to achieve A+++ using more than 250 W in input power with 
these input parameters.  

 
Figure 8 Requirements for energy efficiency class when 96 % dust pick up on crevice and 
nozzle width of 280 mm is assumed. 

To investigate which effects the dpuhf had on the energy efficiency grade, the limit for class 
A+++ was plotted with different values of dpuhf. The resulting graph can be viewed in Figure 
9. From the graph it can be derived that increase of performance on hard floor will not 
radically increase the total input power that can be used to reach the highest grades. 
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Figure 9 Difference in requirements for A+++ when dust pick up on hard floor is varied. 

Another factor which influences the amount of allowed input power is the nozzle width. 
Here, it is a matter of optimization since a larger nozzle will have to divide the suction power 
over a larger area and may therefore get a worse dust pick up (Schaller, 2013b). However, if  
dpuhf is assumed to be constant at 96 % the effects of an alternated nozzle width can be 
viewed in Figure 10. 

 
Figure 10 Difference in requirements for A+++ when nozzle width is varied. 

It can be derived from Figure 10 that for each extra millimeter of width, roughly an extra 
Watt could be used to reach A+++.  
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3 Outlining and scope of project 
This chapter describes the process of setting the scope of the project. It correlates to the Pre- 
Study phase of the Advanced Development process. Here, the project idea is fully formulated 
by assessing existing products on the market, together with customer needs and strategic fit 
to the company (Electrolux, 2012). To get a clear view of the scope of the project and the 
possibilities to reach higher energy efficiency classes, several benchmark tests were 
performed. The tests were performed according to the IEC 60312-1 standard in the 
standardized test rig. In parallel to this, reports on the Energy efficiency label and vacuum 
cleaning technology were studied to determine the major challenges of this project. The test 
results were then analyzed to create an outline and scope for the continuation of the project. 

3.1 Benchmark testing 
To determine if reaching of the higher energy classes was even remotely possible with an 
active nozzle, products currently on the market were modified and tested to resemble high 
energy efficiency class conditions. Since the aim of this project was to develop a nozzle, the 
vacuum cleaner body, hose and tube were all treated as a black box. An Electrolux UltraOne 
Green canister vacuum cleaner, normally with a 1000 W motor, was modified to be able to 
run on a lower input power. This was done by changing the motor to a Domel 800 W compact 
motor, which was more efficient on low input power. A Domel 400 W motor was also tried, 
but in tests the 800 W proved to be more efficient on input powers between 200 W and 
300 W. This modified UltraOne Green will from here on be referred to as UO800. On 300 W, 
the airflow and vacuum were measured in the tube while varying the size of the inlet area. 
These measurements were plotted along with the resulting efficiency in Figure 11. 

 
Figure 11 Plotted relation of pressure, airflow and efficiency in UO800 on 300 W input 

power.  

Two nozzles were tested with the UO800: the Electrolux 2G Active Nozzle, and the Vorwerk 
360 Active Nozzle. The Electrolux 2G Active Nozzle, from this point referred to as 2G, was 
tested since it is among the market leaders on carpet dust pick up with 85 % dpuc  and the 
best active nozzle for canister systems from Electrolux (Carlsson, 2013). The nozzle motor 
was modified, as showed in Figure 12 so that it could be run on separate power supply from 
the one used to power the fan motor.  
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Figure 12 Modified 2G nozzle, with motor and gearing on the right side of the picture.  

The engagement level of the brush was measured to approximately-1 mm. This measurement 
should be read knowing that zero being the floor level and negative numbers equals clearance 
above it. Since the brush roll does not touch the carpet in normal conditions, it is dependent 
on the suction power of the machine to force it into the carpet. The dimensions of the 2G 
nozzle are displayed in Figure 13. 

 
Figure 13 The dimensions of the 2G nozzle. 

Due to the low suction power when UO800 runs on 200 W to300 W, a series of tests was also 
performed with an additional weight of 1.3 kg as shown in Figure 14. The weight chosen to 
replace the effect of higher suction power. 
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Figure 14 2G nozzle with additional 1.3 kg weight added. 

The 2G nozzle was run on 230 V and the brush roll was measured to revolve 4200 rpm in air 
with this modification. Dust pick up for 2G was tested with UO800 on 200 W and 300W, with 
and without extra weight. 

The nozzle of Vorwerk 360 was tested since it is the current market leader in dust pick up on 
carpet, with a measured pick up of 91 %   (Carlsson, 2013). The nozzle was modified so that it 
could be connected to UO800, with its motor powered separately. The set up is shown in 
Figure 15.  

 
Figure 15 Vorwerk 360 nozzle connected to power supply and used with UO800. 

With this modification the brush roll was measured to revolve 6800 rpm in air when run on 
230 V. To get comparable results to 2G, the nozzle was tested with 140 V and 4000 rpm. A 
test with the nozzle connected to 230 V was also attempted with but the circuits in the 
rewiring were overheated so the test had to be aborted. The brush roll in this nozzle is 
dampened, which varies the engagement level between a maximum 4 mm and minimum -
5.3 mm depending on the force from the suction power. The dimensions of the nozzle are 
displayed in Figure 16. 
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Figure 16 Dimensions of Vorwerk in mm. 

The Vorwerk 360 Nozzle was tested with UO800 on 200 W and 300 W. The dust pick up test 
results from both Vorwerk 360 and 2G are displayed in Table 3. The results are all below the 
minimum F class level of 71 % pick up on carpet  

Table 3 Dust pick up results for Vorwerk and 2G. 

UltraOne 800W 
On carpet  

2G active nozzle  
(69 W - 4000 rpm in air)  

Vorwerk  
(56 W - 4000 rpm in air)  

200 W (15,9 l/s)  57,5 % 61,8 % 

300 W (20 l/s)  65,5 % 66,4 % 

200 W (1,3 kg added weight)  62,0 %  
300 W (1,3 kg added weight) 69,4 %  
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The pick up values and input power were plotted along with the limits for the highest energy 
efficiency grades in Figure 17.  

 
Figure 17 Results for 2G and Vorwerk 360 if 96 % pick up on crevice is assumed. 

Both nozzles are well below performance class F and even with added weight the dust pick 
up is very low. This also causes both nozzles to be below the limit for A+++ even though the 
input power is as low as 250 W. 

3.2 Stick vacuum cleaners 
Stick vacuum cleaners will not be part of the coming labeling standard, but since they are 
powered by batteries, they generally consume much less power than canister cleaners. They 
are adapted to lower airflows by having a small active nozzle and no hose. Electrolux’s best 
performing stick vacuum cleaner, the UltraPower, has shown good dust pick up ability on 
carpet,61 % dpuc , using only 100 W in input power (Lindström, 2013). Dimensions of the 
UltraPower nozzle is displayed in Figure 18. 

 
Figure 18 Dimensions of UltraPower in mm 

To gain benchmark values, UltraPower was tested on higher input powers on both fan and 
nozzle motor. In testing, the machine was modified in order for the fan motor and brush roll 
to be run separately and without the battery as shown in Figure 19.  
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Figure 19 UltraPower with fan motor and brush roll motor that can be run separately. 

The brush roll with two rows of bristles was run on both its original speed at 2600 rpm, 
consuming 35 W along with a higher speed of 4000 W, consuming 50 W. Dust pick up tests 
were performed with the fan motor running on four different settings: the original setting 85 
W, 146 W, 180 W – on which power the motor is most efficient – and on 204 W  which is the 
highest possible input power. On most settings, both 2600 and 4000 rpm were tested for pick 
up.  
The results from the UltraPower dust pick up test are shown in Table 4. The performance of 
UltraPower was close to A+++ and was therefore also tested on crevice. These were 
however well below 96 %. 

 
Table 4 Results of dust pick up tests for UltraPower. 

UltraPower 
DPU Carpet 37 W 2600 rpm 51 W 4000 rpm No brush 

85 W (15 l/s) 61,7 % 
(original setting) 64,7 %  

146 W (18,9 l/s) 68,6 % 73,2 % 63,7 % 
180 W (19,9 l/s) 71,9 % 75,9 %  
204 W (20,6 l/s)  78,1 %  

UltraPower 
DPU Crevice 37 W 2600 rpm 51 W 4000 rpm  
85 W (15 l/s) 20,6 % 

(original setting)   
146 W (18,9 l/s) 35,2 % 31,7 %  
180 W (19,9 l/s) 43,7 %   
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The test results of UltraPower suggest that it is possible to reach high dust pick up on carpet 
on low input power. Comparing it to the canister nozzles 2G and Vorverk 360, the importance 
of adapting the passive parts of the nozzle to lower airflow becomes apparent. It is evident 
that the brush plays a major part in dust pick up on carpet, contributing with almost 5 % when 
on regular speed and almost 10 % higher speed. On the other hand, higher brush speed seems 
to have a negative effect on crevice pick up. These results are also illustrated in Figure 20, 
where they are compared with the values needed for high energy efficiency grades. 

 
Figure 20 UltraPower pick up results on carpet along with total input power. The dotted 

lines represent carpet performance grades. 

UltraPower reaches above E in performance class when run on 180 W and 4000 rpm on the 
nozzle motor which is only 10 W from the limit of A+++. This result was promising for the 
development potential of active nozzles.  

3.3 Specification of requirements 
In consultation with the steering committee, a number of requirements were specified for the 
continuation of the project. First of all, prototype testing were to be performed using an 
airflow of 20 l/s and 30 l/s, rather than specifying the input power of the vacuum cleaner. 
This decision was made due to the fact that the current fan motor and cleaner system were not 
entirely fitted for low input powers. Instead, focus was put on what an optimized cleaner 
system would be able to provide. To reach the highest energy efficiency grade, A+++, input 
powers must not be higher than 250 W. On this power, an optimized vacuum cleaner system 
was estimated to provide an airflow of 20 l/s. The decision to also perform tests on 30 l/s was 
made since this airflow equals what is possible to achieve on 750 W, the limit for reaching 
energy efficiency grade A. 
It was decided to continue to work with the 2G nozzle as a base for developing prototypes 
and modifications, since it had motor and gearing that provided a sufficient rotation speed 
and power for the brush roll. The nozzle also worked well together with UO800. 

The width of the nozzle is an important parameter, as wider nozzles are considered to 
represent premium quality (Miefalk, 2013). Although, when reducing airflow, it might be 
necessary to decrease the nozzle width in order to maintain performance. It was therefore 
decided to try not to go under 270 mm in width, in order to keep it appealing to customers.  
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It was also decided that the project primarily should focus on carpet dust pick up, since this is 
the area where an active nozzle traditionally has its advantages. The solution must however 
be appropriate for hard floor cleaning as well.  
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4 Creating energy efficient dust pick up 
This chapter covers the second phase of the Advanced Development process called Creation 
of Ideas, which is aimed at generate solutions to the problems identified in the Pre-study. 
This was mainly done through various brainstorming sessions targeting whole nozzle 
concepts as well as solutions to specific issues. These solutions were then screened through 
consultation with nozzle experts and dust pick up testing of basic prototypes. To be able to 
perform the testing in the scale that was acquired for the project, a manual dust pick up rig 
was constructed and verified against the standardized rig. The concept showing the most 
promising results were chosen with the help of the steering team for further development in 
the next phase of the project.  

4.1 Brainstorm 
Carpet vacuum cleaning could be separated into two parts – the process of loosening dust 
from the carpet and the process of transporting dust into the tube. As part of the idea 
generation phase of the project, these two processes were therefore studied independently of 
one another to enable ideas of energy efficient vacuum cleaning to form. Alternative methods 
for loosening dust and for transporting dust were listed and sorted into categories based on 
the form of energy that represented. This was illustrated with two function maps which could 
be seen in Appendix A.  
Several brainstorming sessions were held in order to provide ideas for improved dust pick up 
on carpet. Alternative methods of loosening and transporting dust were mapped and put on a 
board prior to the sessions to provoke new ideas. A large brainstorming session was later held 
at Electrolux Advanced Development, which included both nozzle experts and people with 
no specific knowledge of nozzles. This blend of people was put together with the intension to 
create new but plausible solutions. The brainstorm (Leffler, o.a., 2013) came up with a 
number of concepts and ideas that later were transformed and combined into a number of 
concepts. 

4.2 Manual dust pick up rig 
To be able perform dust pick up test without interfering with other projects in the company, a 
simplified version of a standardized dust pick up rig was constructed. The idea was to mimic 
the original rig in as many aspects as possible while minimizing material cost, assembly time 
and space usage. All motorized parts of the standardized rig were replaced with manual 
action. The manual test rig had to be placed in a controlled environment in terms of 
temperature (23°C) and air humidity (above 50%) to be able to provide accurate results. A 
wagon was built to keep the angle of the nozzle constant to the carpet at all times and to 
facilitate speed control during test cycles. The dust spreading was performed with a sugar 
dispenser over an adjustable wooden frame. The dust was compacted with ten double strokes 
of a stainless steel rod with a diameter and weight according to the testing standard. The rod 
was connected to a frame to enable the operator to hold it and keep the pace. Each test 
consisted of five double strokes at a speed of 0.5 m/s. The results from the rig had a spread of 
about 2 %.  

Most tests were performed on a carpet which was similar but slightly denser than the standard 
carpet. This, in combination with minor differences in handle suspension and dust spreading, 
resulted in pick up values that measured approximately 5 % higher than the standardized rig. 
The test set up can be viewed in Figure 21. All tests on this rig were performed with the 
UO800 machine. 
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Figure 21 Dust pick up rig, test set up. 

4.3 Optimization of passive parts 
Since the 2G brush roll has performed sufficiently on carpet on high power, less effort have 
been put on developing the passive parts of the nozzle. Up until today, the passive parts have 
rather been adapted to fit the brush roll, resulting in an inlet with too flat edges that does not 
go deep enough into the carpet on lower vacuums. Experience from passive nozzles on lower 
air flow could therefore be used to improve the inlet and edges of 2G in order to improve dust 
pick up (Pilsmo, 2013). It is crucial to improve the passive parts since a lot of the testing will 
be performed using the 2G nozzle as a base unit and only adapt active parts.  

The improvements made in the 2G nozzle were mainly done in order to increase the vacuum 
in the carpet. In some measurements, modified wheels where used, both instead of the front 
and the back wheels. The different wheels are presented in Figure 22. 
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Figure 22 Modified front wheels, original front wheels, modified back wheels and original 

back wheels. 

Another modification was to remove the front wheels completely to enable the nozzle go 
deeper into the carpet. This led to a slight increase in dust pick up. If weight was added to the 
nozzle, both vacuum and pick up values increased. The effect of removing the front wheels 
and adding weight could be seen in Table 5. It was assumed that thin front wheels could be 
constructed that would allow the nozzle to go equally deep as it does without wheels and still 
maintain a distance to the surface on hard floor. This solution is common on the market 
(Schaller, 2013a). 

The width of the 2G nozzle is 308 mm which gives a dust spread of 288 mm according to the 
IEC 60312-1 test standard, see chapter 2.2. However, the actual nozzle opening and the brush 
roll is only 240 mm. The rest of the inlet consists mainly of low air channels, as can be 
viewed in Figure 23. This led to air leakage on the sides and a too low vacuum to keep the 
nozzle down into the carpet. The dust pick up of the air channels was well below 50%. The 
angle of the front and back edges of the opening was too flat which led to that the nozzle was 
floating on top of the carpet rather than digging into it.  

 
Figure 23 The 2G nozzle from below and the width of the actual channel and brush roll. 

240 mm 
308 mm 
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The edges of the inlet were therefore sharpened by making new versions of the brush cover 
lid, which also functions as nozzle opening as can be seen in Figure 23. This enabled the inlet 
to dig further down in to the carpet. The original brush cover had an 11° angle towards the 
floor. Two brush covers were prototyped Cover I, respectively, Cover II. Both covers had ribs 
that sealed off the nozzle opening to 240 mm to avoid leakage but also to focus the 
investigation to the areas of the nozzle where the active parts act.  

Since the dust pick up results were slightly better for Cover I, this angle was chosen for 
another prototype, Cover III, where length L was widened. This was done to get an increased 
vacuum force pulling down the nozzle into the carpet. In order to get this wider inlet flat 
towards the carpet, modified back wheels were used. The results from dust pick up tests using 
these prototypes can be viewed in Table 5. The testing of the angled brush covers deviated 
from the standard since it was done with a 240 mm dust spread even though the outer edge of 
the 2G is 308 mm, which would normally equal a dust spread of 288 mm. This was done 
assuming that a more optimized use of the nozzle width can be achieved later in the project. 
By adding weight the vacuum could be increased further. 
Table 5 Dpuc results in percentages for brush cover I-III in comparison to the original brush 
cover. The table also displays vacuum in the nozzle on front respectively back stroke in kPa. 

 
From Table 5 it could be concluded that the sharper angles of Cover I increased the dust pick 
up. However, the dust pick up did not further increase with the Cover II or the wider Cover 
III – even though they managed to build up a slightly higher vacuum. Instead, vacuum of 
around 3kPa corresponded to the highest pick up. With this vacuum in the tube, the system 
has an airflow of about 17 l/s and an efficiency of about 17 %, as seen in Figure 24. The 
vacuum got slightly lower when performing tests on the standardized testing rig. This was 
somewhat compensated for by sealing off the motor cooling pipe that led from the tube to the 
brush roll motor. A performance chart for the UO800 when run on 800 W can be found in 
Appendix B together with an energy efficiency curve for the nozzle motor. 
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Figure 24 Plotted relation of vacuum, airflow and efficiency in UO800. The highlighted area 

corresponds to the values providing the highest dust pick up. 

4.4 Concepts and prototypes 
A large number of concepts were developed and grouped into main categories. Little could be 
known about the concepts prior to testing, but the time limitation of the project did not allow 
testing of all the concepts and therefore a selection had to be made. All concepts were 
evaluated with nozzle experts and the most promising or the easiest to build concepts was 
prototyped and tested. Presented below are the concepts which showed most development 
potential. Many of the concepts came as a result of the brainstorm session with Leffler, o.a. 
(2013). 
Concept A  

This concept was an alteration of the traditional brush roll. The first prototype was named 
AP1. This prototype failed however due to bad assembly and an improved version, AP2, was 
developed. This prototype was mounted in the 2G nozzle and tested together with the best 
performing altered brush covers. The prototype was run with the same motor and gearing as 
the original 2G brush. The power consumption and speed of the AP2 was measured when the 
front wheels were removed, the back wheels were lowered with 2 mm, and using Cover III. 
Under these conditions, AP2 consumed 60 W. This can be compared to 55 W for the original 
brush roll. 
The prototype was tested with different brush cover combinations and heights over the floor 
by removing the wheels. Just as previous tests had shown, the dust pick up went up when the 
nozzle was closer to the carpet and got even higher with additional weight. The test result can 
be seen in Figure 25. This was the concept that showed the most potential in terms of dpuc 
but also the most promise for further development. It was also concluded that Cover III 
performed best together with the prototype. 
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Figure 25 Results from testing of concept A, AP2, dust pick up and power. 
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Concept B  

This concept was further from the current version of an active nozzle and demanded 
construction of a completely new nozzle.Testing of this concept could only be done with 
back strokes due to limitations of the prototype. The results of the tests can be viewed in 
Figure 26.  

 
Figure 26 Test results for concept B after 5 back strokes 

The prototype proved that the concept could have some potential. It was deemed unfit for 
further development due to the difficulty of constructing a functioning nozzle in the time 
frame of this project. However, the knowledge from the testing was implemented into the 
further development of Concept A.  
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5 Understanding the brush roll action 
This chapter investigates further how concept A can be improved and it corresponds to the 
AD Solution and verification stage of the project. Here, the concept is further developed 
through computer models, simulations and functional prototypes. The idea is to verify its 
technical and commercial potential. When all core problems concerning the concept have 
been solved – and other issues could be seen as solvable – a checkpoint meeting is held. In 
this meeting the decision is made whether to end the project and record it as a verified idea 
or to let it continue into the next phase. The aim for this phase was to understand why 
concept A had such high dust pick up performance and how the concept could be developed 
further. 
A large variation of concept A was developed and tested in both in the manual and the 
automatic dust pick up rig. The different concepts were named according to their iteration 
number and a letter indicating the color or other characteristics in the prototype. In testing for 
example, concept AP2a performed better than AP2b as displayed in Figure 27.  

 
Figure 27 Test results of prototype AP2a and AP2b 

5.1 Prototypes A3 and A4 
To further investigate the factors influencing the results from this concept, a range of new 
prototypes were developed. All were aimed to get an understanding of what forces, angles 
and engagement levels were needed to improve dpuc performance and also how the dust is 
transported in the nozzle. Results were compared to each other and the best performing was 
deemed for further development. In Figure 28, test results from prototypes A3 are compared. 

 
Figure 28 Test results of prototype AP3D, AP3S2, AP3S4 and AP3L 
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From prototype AP3L, AP4R was developed, which turned out to be the best performing 
prototype of all in this project. Parallel to this prototype, a stiffer version of the original brush 
was developed to get a comparison with a tougher competitor. 

5.2 Final test results 
The stiffer brush and the AP3R were tested in the standardized dust pick up rig. This was 
done to get an accurate and fair comparison between them, but also to get a picture of how 
the prototypes perform in comparison to the cleaning performance classes. The results of the 
dust pick up test can be viewed in Figure 29. 

 
Figure 29 Test results for AP4R and the stiffer brush with the fan motor on 300 W (20 l/s). 

Testing was also done with a higher effect on the fan motor, providing an air flow of 30 l/s 
instead of 20 l/s. This was done to evaluate if the concept A had potential on higher air flows 
as well and to investigate what cleaning performance classes were possible to reach. The 
result can be seen in Figure 30. 

 
Figure 30 Test results for AP4R and the stiffer brush with the fan motor on 750 W (30 l/s). 

  



31 
 

6 Identifying problems and finalizing project 
This chapter contains the final step of the AD process, called Hardware and solution 
(Electrolux, 2012). The aim of this process is to create a functioning prototype. With this 
prototype, verification testing could be performed in order to determine whether the product 
is ready for the next step in the Innovation Activation process called Product Development. It 
is up to the steering committee to decide whether the product performs well enough to qualify 
to this next phase. The main focus for this phase of the project was to build a complete 
prototype of the nozzle, partly to determine the effects that the nozzle width had on dust pick 
up performance,  

6.1 Importance of width and shape 
The area of dust spread for the dust pick up testing is a crucial part in the calculations of the 
specific energy consumption (Equation 9). This means that the width of the nozzle is an 
important factor when calculating the energy efficiency class. The relation between width and 
allowed input power to reach a higher energy efficiency class can be viewed in Figure 31. 

 
Figure 31 Displays the relation between nozzle width and allowed total input power. 

This means that a wider nozzle allows a higher input power to the fan and nozzle motor, 
though the importance of width lessens the less power you put in. A wider nozzle will 
however cover a greater surface on each double stroke and provide a premium sensation 
(Miefalk, 2013). On the other hand, there is a risk that the pressure and airspeed in the nozzle 
will be reduced if the nozzle is widened.  

To evaluate these impacts, a wider prototype of the 2G nozzle was constructed and equipped 
with a wider version of the AP4R prototype (AP4R wide). Two brush covers were also 
constructed: one with a shorter inlet (25 mm) and one with a longer one (28 mm).  
The prototype was printed in plastic using SLS. Some of the parts were skewed, which 
caused the fitting to be uneven. This defect increased the sound level from the nozzle and 
caused the brush roll to behave irregularly. Despite this, tests were performed on the widened 
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model according to IEC standard. The results of testing on 20 l/s in airflow could be seen in 
Figure 32.  

 
Figure 32 Difference in dust pick up and input power of the wider nozzle compared to AP4R, 

the stiffer brush and 2G brush, using 20 l/s airflow. 

The test results on 30 l/s is seen in Figure 33 

 
Figure 33 Difference in dust pick up and input power of the wider nozzle compared to AP4R, 

the stiffer brush and 2G brush, using 30 l/s airflow. 

The difference in vacuum between the best performing combinations of brush, wheels and 
brush cover were relatively small. The dust pick up performance is however better for the 
narrower nozzles. To some extent, this was probably due to the larger inlet circuit of the 
wider nozzle, which reduces the airspeed and spreads the suction power over a larger area. 
The wider prototype had several flaws however, which may very well have affected both pick 
up and energy consumption. Firstly, the uneven fitting caused the nozzle to vibrate heavily. 
Secondly, the motor had to work much harder to run the longer brush, since there was a 
larger amount of lamella in the carpet simultaneously. This caused the motor to move slower 
and eventually to overheat. A version of AP4R wide with less twist was constructed in an 
attempt to avoid this. The prototype was however skewed and broke during testing. 

The longer of the two wider brush covers provided the highest dust pick up. This is consistent 
with the results of previous prototypes. This could be a result of having a larger inlet area, 
which increases the downward force. Another explanation is that because the brush takes up 
more space in the inlet than the original brush roll, the prolonged inlet could provide some 



33 
 

additional space for air and dust. This theory is supported by the fact that results also 
increased on crevice with the longer of the inlets.  

6.2 Crevice test and energy efficiency class 
Crevice tests were performed for concept A with different brush covers. Tests were done with 
the modified wheels on, giving a distance to the floor of about 1.7 mm, which is considered 
the allowed minimum by company standards (Pilsmo, 2013). The test results could not be 
used however since the actual nozzle width of the 2G nozzle was much bigger (308 mm) than 
the inlet on the brush cover (240 + 20 mm), creating an air channels on the sides of the nozzle 
when passing over the crevice, as seen in Figure 34. These channels forced air down in the 
crevice, leading to improved performance. Since the actual nozzle will have a smaller width 
and shorter sections on the sides, the results from these tests will not be presented in this 
thesis. However, since the testing gave very promising indications, it could be concluded that 
the minimal requirements for hard floor, 96 %, could be obtained if height over floor is low 
enough, about 2 mm. Results indicate that cleaning performance A, 111 % could be reached 
with 30 l/s airflow. 

 
Figure 34 To the left:the extra space on the sides of the modified 2G nozzle increased the 
speed of the air when passing over the crevice, increasing the crevice performance. To the 

right: arrows show where height over floor is measured. 

The best performing prototype out of the all different versions of concept A was the AP4R. 
When the prototype was tested with the airflow 20 l/s together with the best performing brush 
cover, III, and without wheels, it picked up 82.9 % which is just below the grade C in 
cleaning performance class. To achieve this, the fan motor uses 300 W and the brush motor 
uses 85 W. With the assumed nozzle width of 260 mm and the assumption that the nozzle can 
reach the minimal requirements this means that the prototype gets A+ in energy performance 
class, which can be viewed in Figure 35. The prototype is compared to the original 2G brush 
that only picked up 74 % when tested with same airflow, brush cover, III, and without front 
wheels and to the benchmark test of the 2G nozzle on 300 W. 
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Figure 35 Energy efficiency class for best performing prototype, AP4R, compared to the 2G 

brush on 20 l/s assuming 96 % hard floor pick up, both tested without wheels, and to the 
benchmark test of the 2G nozzle. 

The prototype was also tested on 30 l/s with the same brush cover, III, but with modified 
wheels. The pick up was measured to 91 % which is equivalent to the cleaning performance 
class A. For this test, the fan motor used 750 W while the brush motor consumed 115 W. On 
these settings it was assumed that the prototype could reach cleaning performance grade A, 
111 % pick up, on hard floor too. Calculating with the same nozzle width, 260 mm, this 
means that the prototype gets B in energy performance class, which can be viewed in Figure 
36. In comparison, the original 2G brush picks up 83.4 % when tested with the same airflow, 
brush cover, III, and with the modified wheels. 

 
Figure 36 Energy efficiency class for best performing prototype, AP4R, compared to the 2G 
brush on 30 l/s assuming 111 % hard floor pick up. Both tests were performed with modified 

wheels.  
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A sound power measurement of concept A was also performed. The prototype AP4R was 
measured together with the entire vacuum cleaner system according to IEC 60704-2-1 
and had a sound power level of 70.7 dB(A). The report from the measurement is available 
in appendix F 
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7 Discussion 
In this chapter the results and the gathered facts of this thesis are discussed. It describes and 
analyses how the results were achieved as well as how the results can be improved and 
implemented. The reception of the energy efficiency label on the market and how this will 
influence producers is also examined. 

7.1 Consumer behavior and understanding of the label 
By introducing the energy efficiency label for vacuum cleaners, the European Commission 
might substantially lower the annual energy usage of households within the EU. Only by 
introducing energy caps for vacuum cleaners, a significant reduction in energy consumption 
will be achieved. Since it is the usage phase that stands for over 90% of the environmental 
impact this is a very important measure. It is therefore of interest to discuss how the energy 
efficiency label will affect consumers in their purchase and usage of vacuum cleaner. 

For someone living on 15 m2, spending one hour weekly vacuum cleaning must seem 
absurdly much. It may however seem very little for someone living on 150 m2 and this 
variance is something that has to be recognized in the impact assessment. The AEA Energy & 
Environment (2009) report, which is the basis for the energy label, seems to have considered 
this and the 1 hour average seems to be a good estimation. 

No matter how people within the EU vacuum their homes, it seems unlikely that they will 
change their behavior after the purchase of a less energy consuming vacuum cleaner (AEA 
Energy & Environment, 2009). This means that the only change that manufacturers have to 
take into consideration when designing new products is the label itself and what it 
communicates to the customer about their product. Depending on which aspect of the label 
will influence consumer behavior the most, manufacturers might develop products that 
reaches high classes in this particular aspect, ignoring others. Concerns have been raised 
within the industry that customers will not understand the performance grades and only look 
at energy efficiency class (Miefalk, 2013). 
Unless there are any incentives for producers to do otherwise, they may start to produce 
vacuum cleaners with a high energy efficiency class but with low performance since they will 
be cheaper to produce and demand less research before being launched. This may in the long 
run decrease the trust of the energy efficiency label since it will be connected with badly 
performing vacuum cleaners and thus lowering the positive environmental impact.  

7.2 Reception of energy efficiency label 
Little can be said about what will happen when the energy efficiency label is introduced to 
the market. The initial reception of the label will however be crucial for how effective it will 
be in influencing the manufacturers towards developing more energy efficient vacuum 
cleaners rather than less energy consuming. The reception is dependent on several factors. 
One is how well informed consumers will be about the meaning of the label and its different 
grades. Another is what is on the market once the label is being introduced. If there are no 
products reaching the highest energy efficiency class, a costumer will not demand such a 
product (Seez, 2013).  
Depending on how the consumers act on the information provided by the label, producers 
will respond by producing products that only reaches the least demanded classes. In other 
words, if consumers are not aware what they can expect in terms of performance, the market 
will not provide them with it either.  
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It is also crucial that producers, such as Electrolux provide the market with high performance 
products that still reaches good energy efficiency classes such as A or better. The results of 
this thesis show that it is possible to reach higher grades without compromising performance.  

7.3 Designing for carpets 
Tests in this project were focused on improving dust pick up on carpet. The standard test uses 
a certain type of carpet, Wilton. As a result of this, no other types of carpets have been tested 
for dust pick up, even though it is well known that nozzles act differently on different carpets 
– they could even act differently on different carpets of the same model. The carpets used for 
active nozzle testing have a tendency to change over time making test results less reliable. All 
this limits this project. Improvements on products and prototypes were especially made to 
increase dust pick up on a Wilton carpet, while the same improvements may very well have a 
negative effect on long pile or multilevel carpets. Neither fiber pick up ability nor side 
suction has been tested with the prototype – two functions which may have been 
compromised by the use of lamellas and by sealing off the edges.  

The European Commission specifically states that the implementation of the energy label 
may not affect the product negatively for the end user. There is however no way to regulate 
this on the label, and since performance is determined by dust pick up on one specific carpet 
– manufacturers will adapt to these when designing nozzles. There is of course the risk that 
these adaptations will compromise user friendliness. This risk could be reduced if more tests 
– such as fiber pick up or handling tests – were weighed into the performance grade. 

7.4 Energy efficiency 
Since less airflow equals less turbulence, a vacuum cleaner system would in general gain 
efficiency when power is compromised. Benchmark testing of the UO800 proved that an 
airflow of almost 16 l/s could be attained using 200 W. Adding another 100 W to the fan, the 
airflow reaches 20 l/s. To go from 20 l/s to 30 l/s, the input power needs to be more than 
doubled – using about 750 W. Previous research (Windecker, 1996) has shown that the power 
loss in the vacuum cleaner tube roughly corresponds to the airflow to the power of three. 
Reducing airflow should therefore increase energy efficiency. On the other hand, the system 
will get more sensitive towards leakage and other losses on low power. Below certain levels 
of airflow, pressure and airspeed, dust will simply not be loosened or transported and the 
nozzle will not go deep enough in the carpet. To achieve the highest energy efficiency grades, 
effort need to be put into making the system robust enough against clogging and leakage to 
never go below these minimum levels.  

In this project, it was decided early on to focus only on the vacuum cleaner nozzle. Instead of 
a complete system, two levels of airflow were specified as input parameters. This decision 
came with the notion that a canister vacuum cleaner system could be made efficient enough 
to provide 20 l/s on around 200 W input power, and 30 l/s on 700 W. This seemed like a 
reasonable assumption, as UO800 had an efficiency of about 16 % in the highest performing 
dust pick up tests on 300 W. On 750 W, the efficiency was at about 20 %. An optimized 
system could reach above 30 % at its highest performance. 

7.5 Possible grades 
In order to achieve the energy efficiency class A+++, along with the performance grade C on 
carpet, a system may have to provide an airflow of 20 l/s using less than 120 W in input 
power to the fan, assuming that the brush roll utilizes around 85 W. Even with an optimized 
system, this may prove difficult. Instead, effort should be put on increasing the pick up on 
crevice, optimizing the width of the nozzle and lowering the input to the nozzle motor 
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without reducing carpet pick up. This will enable more power to be put into the fan. The 
impact that changing these parameters would have on the A+++ limit is displayed in Figure 
37. 

 
Figure 37 Possible improvements effect on A+++ limits. 

Reaching triple A – energy efficiency grade A, cleaning performance A on both carpet and 
crevice – should be possible if a more energy efficient vacuum cleaner system is developed 
and cleaning performance class A can be achieved on hard floor. A wider nozzle than used in 
this project would increase chances of reaching A further which can be seen in Figure 38. 

 
Figure 38 Change to A limit if a wider nozzle is developed. 
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8 Conclusion 
• It is possible to reach high energy efficiency classes – A to A+++ – without 

compromising carpet cleaning performance. 

• Introducing vacuum cleaners with high energy efficiency classes that still perform 
well is important in order to establish the credibility of the energy efficiency label 
with consumers, thus ensuring the intended positive environmental effect. 

• Performance is determined by tests done on one single carpet type. Tests in this 
project have been done according to this, leading to prototypes designed to perform 
well on this type of carpet. There is a risk that producers will focus too much on one 
type of carpet to achieve a good performance class, making future nozzles less user 
friendly. 

• With a vacuum cleaner system that provides 20 l/s cleaning performance class C can 
be reached which should enable the energy efficiency class A+ or better. 

• With a vacuum cleaner system that provides 30 l/s cleaning performance class A can 
be reached which should enable the energy efficiency class A if cleaning performance 
grade A on hard floor can be reached. 

8.1 Recommendations 
• Effort should be put on making vacuum cleaner systems robust against leakage and 

clogging in order to reach higher energy efficiency classes, A or better. Especially 
since the system becomes more sensitive to vacuum losses on low power.  

• The energy efficiency of the entire vacuum cleaner system should be increased from 
the current level if higher energy efficiency classes should be reached. 

• Tests on other types of carpets and applications should be performed. 

• In order to reach A+++ and maintain C in cleaning performance, a more energy 
efficient system may not be enough. Efforts should be put on optimizing the nozzle 
inlet dimensions and increase pick up on crevice. 
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Appendix A – Functional maps 

 

Figure 39 Functional map loosening 

 

Figure 40 Functional map transporting 
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Appendix B – Performance curves and energy efficiency 

for vacuum cleaner system and nozzle motor 

 
Figure 41 Performance curve for UO800 on 300 W with highlighted work area for testing 

 
Figure 42 Performance curve for UO800 on 300 W with highlighted work area for testing 
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Figure 43 Energy efficiency of 2G nozzle motor 

 


