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Abstract. Sustainable urban development results in more space and energy-efficient 
apartments. Open plan solutions are becoming more common, and the market is exploring new 
configurations and ventilation solutions for the kitchen in direction of the design and minimize 
space for ductwork. Cooking is an important aspect of human life and is considered one of the 
major sources of particle emissions. The cooking method, the type of cuisine, and the type of 
kitchen hood are some of the factors that will influence this. In Norway, the minimum 
requirement for general kitchen exhaust is 36 m3/h, with a minimum additional forced 
ventilation by the kitchen hood of 108 m3/h. However, these requirements might not be 
sufficient to mitigate the exposure from cooking. Electricity is the main heating source, 
traditionally with hot plate, today mainly induction or ceramic cooktop. In this work, we aim to 
investigate representative Norwegian cooking habits, typical meals and set up a procedure for 
cooking in the laboratory to perform intensive exposure studies. A survey has been performed 
to identify the type and usage of kitchen hoods in different living situations as well as typical 
Norwegian meals. A total of 336 people responded to the survey, of which 111 provided 
answers to a few additional questions. More than 60% of the respondents belonged in the age 
groups 30 – 60 years old and 92% owned their dwelling. Wall-mounted kitchen hoods were 
found in the majority of the homes, and almost 4% had downdraft. Only 12% of the homes had 
recirculating hoods. 76% of the respondents used the kitchen hood during cooking. The 
Norwegians mainly cook or fry their food, while deep-frying is not common. For the question 
related to what meal is most often cooked, the categories of food that were most mentioned 
were pasta dishes, taco, meat, fish, boiled potatoes, and chicken. Based on this we developed the 
cooking procedure for three different test meals suitable for exposure studies. 
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1. Introduction
Modern apartments in urban areas are built more 
energy and space-efficient, often resulting in open-
plan kitchen solutions. We spend the majority of our 
time indoors and cooking activities can generate 
harmful air pollutants [1,2]. The open plan solution 
increases the risk of exposure if pollutants are not 
properly removed. The cooking method, the type of 
cuisine, and the type of kitchen hood are some of the 
factors that will influence the level of pollutants 
[3,4]. A kitchen hood can minimize the level of 
exposure to pollutants if they have a reasonable 
capture efficiency and are used during a cooking 
event [5].  

As seen in Table 1, the requirements for kitchen 

extract airflow rates vary between countries. In 
Norway, the minimum requirement for the basic 
kitchen ventilation rate is 36 m3/h, with a minimum 
additional forced ventilation by the kitchen hood of 
108 m3/h. However, these requirements might not 
be sufficient to mitigate the exposure from cooking.  

The requirements are similarly low in other 
Scandinavian countries and are based on tests of 
volume range hoods done in the 1980s. At the same 
time, design and configuration for kitchen hood 
have progressed in the last decade, and the available 
maximum extract airflow for the offered products is 
often 400 -700 m3/h, sometimes even higher. This 
results in a problem for makeup air, both in terms of 
under pressure in an airtight building, to be handled 
by the balanced ventilation system, as well as an 
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increased air change rate. Recirculating solutions 
are introduced as a measure, but with insufficient 
documentation on resulting exposure of cooking 
emissions and odor in the room, as well as not 
removing the moisture. 

Tab. 1 – Kitchen ventilation requirements. 
Country Min. 

requirement 
(m3/h) 

Additional 
forced 
(m3/h) 

Sweden 36 140 
Denmark 72 
Finland 29 90 
Norway 36 108 
The 
Netherlands 

72 

UK 108 

Cooking habits, kitchen configurations, usage of 
kitchen hoods among other things might vary 
geographically [6]. A major survey of everyday 
eating habits was conducted in the four Nordic 
countries in 1997 and 2012 [7]. The results indicate 
that meat and fish were the main ingredients in hot 
dinners in Norway, particularly minced meat. 
Almost a decade has passed since the survey, and 
thus it might be interesting to see whether there are 
any changes in Norwegian food habits.  

This study is part of a larger research project, where 
one of the aims is to determine what principles and 
ventilation rates can be recommended for kitchens 
to avoid contamination risk, high energy use, and 
power load peaks, as well as maintain moisture 
control (hood configurations, the flow rate of range-
hoods, types of cooking, installation position 
(wall/island). The purpose of the study reported in 
this paper is to identify typical cooking habits and 
usage of kitchen hoods in Norwegian homes, 
intending to set up a procedure for cooking in a 
laboratory kitchen.  

2. Methods
A survey consisting of 15 questions with multiple 
answers was used. To gain as many answers as 
possible, the survey was shared on social media 
platforms such as Facebook and LinkedIn. The 
questions asked are given below:  

• Do you rent or own your home?
• What type of housing do you live in?
• What age group are you in?
• How often do you cook in a week?
• How many do you cook for?
• What type of kitchen hood do you have? 
• Do you have a recycling kitchen hood or

with exhaust? 
• How often do you wash the grease filter? 
• If you have a recirculating fan, how often

do you change the charcoal filter?
• How often do you use the kitchen hood

when you cook? 
• What setting do you usually have the

kitchen hood on when it is in use?
• If you choose not to use a kitchen hood,

what is the reason for it?
• Do you use the kitchen hood when you use

the oven?
• What meal do you make most often?
• How long after cooking do you leave the

kitchen hood on?

The responses were analyzed to determine the 
following parameters: (1) type of kitchen hood, (2) 
usage of kitchen hood and (3) typical Norwegian 
meals.  

3. Results and discussion
3.1 Respondents 

A total of 336 respondents answered the survey, of 
which 92% owned the dwelling. As shown in fig. 1, 
there is an even distribution of the various age 
groups, except the youngest age group. Almost 70% 
of the respondents live in houses, while 27% live in 
apartments. According to Statistics Norway, 
apartment blocks account for 25% of residential 
building types in Norway in 2021, while detached 
houses represent 49% and attached houses 12% 
[8]. The respondents are thus regarded 
representative of Norwegian households. 

Fig. 1 – Age distribution of the respondents. 

3.2 Types of kitchen hoods 

Regardless of dwelling type, the majority of the 
kitchen hoods are wall-mounted. 13% of the homes 
have kitchen island with hood mounted on the roof, 
while close to 4% reported they have downdraft 
kitchen hoods. The majority of the kitchen hoods 
are ducted hoods (82%) where the air is exhausted 
outdoors, while 12 % are recirculating hoods.  

Generally, kitchen hoods with an exhaust to open-
air are the pre-accepted solution and regarded as a 
more safe and efficient solution for reducing 
cooking emissions than recirculating alternatives 
[9]. Fig. 2 shows the distribution of the different 
types of kitchen hoods and their ventilation 
solutions. Other kitchen hood types such as slimline 
and roof-mounted hoods are also reported by the 
respondents.  
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Fig. 2- Different types of kitchen hoods and the 
ventilation solution.  

For those with recirculating hoods (N=40), more 
than 60% of the respondents reported that they 
rarely or never changed the charcoal filter, while 
22.5% changed once a year. Charcoal filters are 
often used to removed gases and odors and might 
have less effect on particulate matter. A Dutch study 
on recirculating hoods showed that adding a carbon 
filter removed about 60% of the NO2 concentrations 
and resulted in a reduction of about 30% for PM2.5 

[10]. However, the filter efficiency dropped 
substantially after only a few weeks of cooking, 
reducing the removal of NO2 to 20%. Nevertheless, 
it is important to change it as the filter may lose its 
efficiency after a while. More documentation is 
needed for exposure risk by using recirculating 
solutions over time.  

On the other hand, as shown in fig. 3, the grease 
filter was washed at least once a year by the 
majority of the respondents, where 32% washed it 
either once every 3 months or once a year. Only 
16% washed it once a month. A few of the 
participants also responded that their kitchen hood 
had a notification function for when it was time to 
wash or change the charcoal filter and/or the grease 
filter. 

Fig. 3 - How often the grease filter is cleaned. 

3.3 Usage of kitchen hoods 

In terms of cooking habits, 74% of the respondents 
replied that they cook daily, while 16% cook five 
times a week. Also, the majority responded that they 
cook for 2 people (40%) or 3-5 people (46%). This 
is also reflected in the usage of the respective 
kitchen hood, the majority of the respondents 
reported daily use (76%) while cooking (see fig 4). 
The numbers reported in our study are much higher 

than the studies done in the US, where generally less 
than 40% reported the usage of the kitchen hood 
during cooking events [3,11].  

When asked why the kitchen hood was not used, 
besides noise and having forgotten to turn the hood 
on, many respondents also mentioned that they did 
not see the necessity of turning on the kitchen hood 
when they only boiled food or cooked food that does 
not smell or generate fume. A survey done in the US 
indicated that noise is one of the causes of why the 
majority of people are not using the kitchen hood 
[12].  

Fig. 4 – Overview of how often the kitchen hood is 
used.  

How long time the kitchen hood is used as well as 
the flow rate will influence the exposure to cooking 
emissions. Regarding the operation setting chosen 
when the kitchen hood is used, as seen in fig. 5, the 
majority of the respondents replied the medium or 
max setting. The flow rates were not assessed in this 
survey, although one respondent did add that the 
kitchen hood had a capacity of 500 m3/h.  

Fig. 5 – Operation setting when using the kitchen hood. 

For newer apartments that often have balanced 
mechanical ventilation, the kitchen hood only has 
one setting, which is on and off. Some of the 
respondents that responded "Other" stated that 
they vary the operation setting depending on what 
is being cooked. This is also reflected in the question 
related to the usage of the kitchen hood when the 
oven is used, as close to 80% of the respondents 
replied "No" to this question. Some also commented 
that the oven was not placed nearby the cooktop.  

Other habits such as leaving the kitchen hood on 
after cooking was finished were also questioned. It 
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can be seen from fig. 6 that more than half of the 
respondents (N=224) turn it off immediately after 
they finish cooking. For those who replied other, 
some had timers that can turn the hood off 
automatically after a certain amount of time, while 
the majority responded that they do leave the 
kitchen hood on for at least 5 – 10 minutes longer, 
depending on what they have cooked, and the 
amount of fume generated during cooking. One 
study in the US assessed the effect of running the 
kitchen fan continuously after cooking for various 
flow rates on pollutants but did not find significant 
reductions. They found that the flow rate and 
physical characteristics of the kitchen hood were 
more important factors affecting the exposure 
during cooking [13].  

Fig. 6 – Duration of leaving the kitchen hood on after 
finishing cooking. 

3.4 Typical Norwegian meals 

With regards to the meal that is often cooked, we 
received a variety of answers. Since the majority of 
the respondents cook every day, several dishes are 
listed. Fig. 7 shows the meals that are most 
frequently mentioned. Fish, meat, and pasta dishes 
are the three mentioned the most often, followed by 
chicken and taco. Potato or rice was also mentioned 
as they are often boiled along with different types of 
proteins.  

Fig. 7 - Illustration of the most common mentioned 
meals by the respondents.  

Based on the results from the survey and test meals 
used in other studies, three different meals were 
chosen to be tested further in the kitchen lab. The 
chosen meals were taco (meal 1), vegetarian pasta 
Bolognese (meal 2), and fried salmon (meal 3). The 
vegetarian meal was added due to the increasing 
number of people choosing to eat a plant-based diet. 
According to a recent survey on "Trends in the 
Norwegian diet by the Norwegian Directorate of 
Health, more than 10% are substituting meat or 

other animal-derived foods for plant-based 
alternatives regularly [14]. Fish also ranked high as 
one of the most mentioned meals. We chose salmon 
filet, as it is very commonly used and a fatty fish, to 
address the issue of odor in open plan kitchen 
solutions. Fig. 8 shows the ingredients used in the 
different meals. 

Fig. 8 - Ingredients for the three test meals.  

3.5 Cooking procedures 

In this section, we present the procedure for 
cooking typical Norwegian meals arising from the 
survey. These meals will be cooked in our 
laboratory kitchen to assess exposure from cooking 
emissions. To ensure the repeatability of the 
cooking procedure, the meals are simplified in such 
a way that, there is minimal possibility of variations 
in the content of the meals to perform exposure 
experiments. It was also decided to prepare a meal 
for two adults, considering that the kitchen lab is 
representative of a typical apartment with an open 
kitchen and living room. One portion size is 
assumed to be between 1400 kcal – 1600 kcal per 
meal.  

An overview of the induction cooktop used in the 
study is shown in fig. 9. We chose to only use the 
front hot plates as previous studies have shown that 
the capture efficiency is lower compared to the 
backplate, resulting in higher exposure [5,15]. Two 
Teflon frying pans are used, with a diameter of 24 
cm for fish at plate A, and 28 cm are used on plate D 
for minced meat, soya mince, and vegetable frying. A 
36-liter aluminum pot was used for boiling pasta.

Table 2 – Table 4 show the detailed cooking 
procedure for each of the three test meals. All 
ingredients are prepared and measured in advance 
before the start of the cooking. Apart from ensuring 
the choice of the meals which represents the typical 
Norwegian meals, we also incorporated different 
ways of cooking (frying, boiling) the meals. Both 
meal 1 and meal 2 involved frying and boiling of 
ingredients, while meal 3 involves only frying. The 
cooking duration is 16 minutes for meal 1 and 13 
minutes for meal 2 and meal 3.  
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Fig. 9 - Induction cooktop used in the study. 9* 
indicates the effect when the cooktop is used on setting 
9, and b* for when the boost-mode is used. 

Tab. 2 – Cooking procedure for test meal 1, taco. 
Step Description Time 

mm:ss 

1 Turn on burner D on setting 8, 
add 15 ml rapeseed oil 

00:00 

2 Add minced meat, fry  01:00 

3 Flip the piece of meat 02:00 

4 Chop the meat into pieces, fry 
without movement 

02:30 

5 Stir and chop up meat 04:00 

6 Add spice mix, mix for 1 min 05:00 

7 Add 1.5 dl of water, switch to 
setting 5, mix every 2 min for 
10 minutes 

06:00 

8 Turn off, transfer to a serving 
plate, and move to dining area 

16:00 

9 Remove the pan from the room 17:00 

Tab. 3 – Cooking procedure for test meal 2, vegetarian 
pasta Bolognese. 

Step Description Time 
mm: ss 

1 Turn on burner A, fill the pot with 
2L of water and 10 g salt, turn on 
boost setting 

00:00 

2 Turn on burner D, setting 7, add 
rapeseed oil to the pan 

01:00 

3 Add soya mince, mix for a few 
seconds every minute for 7 
minutes? 

02:00 

4 Add pasta to the pot, reduce to 
setting 8, boil for 7 min (without 
lid) 

05:00 

5 Add tomato sauce to the soya 
mince, mix well for 1 minute 

09:00 

6 Turn off burner A, drain pasta 
and add to pan 

12:00 

7 Turn off the cooktop, add pasta to 
a plate and transfer to dining area 

13:00 

8 Remove the pan from the room 
and leave the room. 

14:00 

Tab. 4 – Cooking procedure for test meal 3, fried 
salmon with wok vegetables and whole grain rice. 

Step Description Time 
mm:ss 

1 Season salmon filets with salt and 
pepper 

2 Turn on burner A to setting 9, add 
15 ml rapeseed oil 

00:00 

3 Turn down to setting 7, add 
salmon filet skin side down 

01:00 

4 Press the salmon down with 
spatula for 5 seconds to get crispy 
skin, then let it fry for 5 mins 

01:30 

5 Change locations of the two 
salmon filets in the pan 

03:00 

6 Flip the salmon, fry for 30 seconds 06:00 

7 Turn off burner A, remove the 
salmon from the pan, put it on a 
plate 

06:30 

8 Turn on burner D, setting 8, add 
oil 

07:00 

9 Add defrosted wok mix in the pan, 
stir every minute for 5 minutes 

08:00 

10 Turn off cooktop, transfer wok to 
the plate with salmon. Move the 
plate to the dining area 

13:00 

11 Remove the pan from the room 
and leave the room. 

14:00 

5 of 7



Different extract airflow rates will be assessed in 
addition to the Norwegian minimum requirement 
for basic kitchen ventilation rate (hood off, 36 m3/h) 
and the minimum additional forced ventilation by 
the kitchen hood of 108 m3/h. The developed 
cooking procedures and responses from the survey 
will provide the basis for further studies, these 
include: (1) comparing traditional wall-mounted 
ducted kitchen hoods with downdraft ducted 
solutions. (2) Ducted versus recirculation solutions, 
(3) Effect of filter for recirculating solutions, (4)
different airflow rates and its relation to the type of
kitchen hood.

4. Conclusions
A survey was conducted to identify the type and use 
of kitchen hoods as well as representative 
Norwegian cooking habits and typical meals. Based 
on the results, cooking procedures to be used in our 
lab kitchen are developed. 

The ducted kitchen hood is still the main solution 
used, while recirculation is an emerging solution, 
especially the downdraft. A medium operation 
setting is a dominating choice, and cleaning of the 
grease filter is mainly done 1-4 times a year. 
Norwegian homes use electricity for cooking, mainly 
frying or boiling of a dinner meal. Frying different 
type of meat and fish is common, alongside boiling 
potato, rice, or pasta, and vegetarian alternatives 
are becoming popular.  

Based on the results, procedures for three test 
meals were developed: taco-meal with minced meat, 
vegetarian pasta Bolognese and fried salmon with 
wok. The meals are regarded suitable for two 
persons and to have a reasonable nutritional 
content, as well as being simple enough for 
repeatability in cooking procedure and to be used in 
exposure studies. 
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