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Abstract 
Today there is a growing issue of physical inactiveness, especially during the winter period, leading to 

various health issues. The new-found concept of a Winter Activity Park can be a possible solution for 

Swedish municipalities, as a means to increase spontaneous physical activity, and improve public health, 

during the winter season. The concept has originated from the need for increased spontaneous physical 

activity during winter and includes creating a physical activity facility with the usage of artificial snow. 

Södertälje is a municipality where a Winter Activity Park could act as a solution in order to increase 

spontaneous physical activity.  

 

The aim of the study is to assess the feasibility of a Winter Activity Park, using artificial snow, in 

Södertälje municipality. The study sets out to determine what is technically required in order to 

implement a Winter Activity Park, and by including two specific sites in Södertälje (Stadsparken and 

Tveta Friluftsgård), it can be assessed how well each site is meeting the requirements. Additionally, the 

study sets out to assess what possible environmental impacts the implementation may lead to at each 

site, as well as determining how artificial snow should be obtained to have the least contribution to 

climate change. 

 

The results show that there are several technical requirements that need to be fulfilled at a site in order 

to implement a Winter Activity Park. Neither of the chosen sites are currently meeting all the technical 

requirements for a Winter Activity Park, although it is considered possible for both sites to be able to 

fulfil them at a later stage. By conducting an EIA, it was concluded that Tveta Friluftsgård were likely to 

experience less negative environmental consequences from the implementation of a Winter Activity 

Park, compared to Stadsparken. By calculating the carbon footprint for the alternative ways of obtaining 

artificial snow, it was concluded that producing snow directly at a site, using a lake as a water source, 

would be the most favourable, in terms of least contribution to climate change. 

 

As a final conclusion, it was determined that a Winter Activity Park is feasible in Södertälje municipality, 

with Tveta Friluftsgård and production directly at the site seemingly being the best way to go. However, 

depending on what the purpose of the Winter Activity Park is, other sites and methods of obtaining snow 

can be more suitable. In order to create a more comprehensive view of the feasibility and sustainability 

of the concept of a Winter Activity Park, future studies should investigate social and economic aspects 

related to the concept. 
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Sammanfattning 
Ett växande problem i dagens samhälle är fysisk inaktivitet, främst under vinterhalvåret, vilket leder 

till flera olika hälsoproblem. Det nyfunna konceptet Vinterparkleken kan vara en möjlig lösning för 

kommuner i Sverige för att öka spontan fysisk aktivitet under vintersäsongen och därmed förbättra 

folkhälsan. Konceptet har sitt ursprung från behovet av ökad spontan fysisk aktivitet, och innebär 

införandet av en anläggning för fysisk aktivitet med användandet av tillverkad snö. Södertälje är en 

kommun där en Vinterparklek kan vara en möjlig lösning för att öka den spontana fysiska aktiviteten. 

 

Syftet med studien är att utvärdera genomförbarheten av Vinterparkleken med konstgjord snö i 

Södertälje kommun. Studien syftar till att bedöma vad som är tekniskt nödvändigt för att genomföra 

en Vinterparklek och två specifika platser i Södertälje (Stadsparken och Tveta Friluftsgård) är 

inkluderade i studien för att bedöma hur väl varje plats uppfyller kraven. Studien syftar även till att 

bedöma vilka möjliga miljöeffekter implementeringen av en Vinterparklek kan leda till på varje plats, 

samt bestämma på vilket vis konstgjord snö ska erhållas för att ha minst bidrag till klimatförändring. 

 

Resultaten visar att det finns flera tekniska krav som måste uppfyllas på en plats för att kunna 

genomföra en Vinterparklek. Ingen av de valda platserna uppfyller för närvarande alla tekniska krav 

för en Vinterparklek, även om det anses möjligt att bägge platserna kommer kunna uppfylla dem i 

ett senare skede. Resultaten från MKB visade på att införandet av en Vinterparklek vid Tveta 

Friluftsgård rimligtvis skulle ha mindre negativa miljökonsekvenser jämfört med vid Stadsparken. 

Genom att beräkna koldioxidavtrycket för de alternativa sätten att erhålla tillverkad snö, drogs 

slutsatsen att snö producerad direkt på plats, samt använda en sjö som vattenkälla, skulle vara det 

mest gynnsamma, i form av minst bidrag till klimatförändringar.  

 

Den slutliga slutsatsen är att en Vinterparklek är genomförbar i Södertälje kommun, med Tveta 

Friluftsgård och snötillverkning direkt på plats som till synes bästa tillvägagångssättet. Vilken plats 

som ska väljas och hur snö ska erhållas kan dock även bestämmas utifrån vad konceptet är menat att 

bidra med. För att skapa en mer övergripande bild av genomförbarheten och hållbarheten av en 

Vinterparklek bör framtida studier undersöka sociala och ekonomiska aspekterna som är relaterade 

till konceptet. 

 

Nyckelord 

Vinterparkleken, tillverkad snö, fysisk aktivitet, genomförbarhet   
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1. Introduction 

The following chapter contains the introduction of the thesis, including background and problem 

description, as well as the limitations, aim and objectives of the project. 

 

The purpose of the chapter is to give an introduction to the issue at hand, that is to be further evaluated 

through the study. 

 

1.1 Background 

In Sweden today, approximately half of the population has been found being physically inactive and 

having sedentary lifestyles (Faskunger, 2010; RF, 2016). Physical inactivity has been found to result in 

various health risks (Anokye et al., 2012; Fuchs, 2015; Colditz et al., 2016; Koehler and Drenowatz, 

2019), and the lack of physical activity is creating a national public health problem in Sweden 

(Faskunger, 2010; RF, 2016). Physical inactivity is considered the fourth major risk factor for premature 

deaths and cases of illness in Sweden, and is creating a huge cost for the society, amounting up to 16 

billion SEK (Malm and Isaksson, 2017). 

 

During winter seasons, the level of physical activity has been found to be significantly low, due to less 

daylight as well as harsh weather and low temperatures (Carson et al., 2010; Gracia-Marco et al., 2013; 

Hjorth, 2013; Arnardottir et al., 2017). The Swedish population is less likely to perform physical activity 

during the winter, especially if there is a lack of appropriate facilities. It is therefore considered 

important that municipalities design urban areas that provide opportunities for spontaneous physical 

activity (Faskunger, 2010; Faskunger and Sjöblom, 2017), especially during the winter season. Swedish 

municipalities have goals to create equal opportunities for physical activity, to reach an improved health 

(Boverket, 2013; Sternö and Nielsén, 2018), as well as being responsible for planning and constructing 

public facilities that encourage and enable spontaneous physical activity (Boverket, 2013).  

 

The new-found concept of a Winter Activity Park is a recent idea, that is meant to act as a solution to 

increase physical activity during winter, and thereby lead to an improved public health. The concept has 

originated from the need for increased spontaneous physical activity during winter and includes creating 

a physical activity facility with the usage of artificial snow. (Pers. com. Faskunger, 2020) The concept 

can be implemented in municipalities that strive to increase the level of physical activity among the 

residents, by providing an attractive facility for spontaneous physical activity, suitable for the winter 

season. 

 

Södertälje municipality is currently experiencing an increased demand for facilities for spontaneous 

physical activity (Pers. com. Mattson, 2020), as well as seeing a need for facilities that can provide 

residents with spontaneous physical activity during the winter season. The municipality wants to be able 

to offer facilities that enable and encourage residents to perform physical activity through spontaneous 

participation, in order to maintain physical activity throughout the year (Pers. com. Mattsson and 

Ahtela, 2020) The concept of a Winter Activity Park can therefore be considered as a possible solution 

for the municipality. 

 

1.2 Problem description 

A Winter Activity Park could be a possible solution for Södertälje municipality, to provide more options 

for spontaneous physical activity and encourage residents to be more physically active during winter. 

The issue at hand is therefore to determine if it is feasible to implement a Winter Activity Park in 

Södertälje municipality.  

 

As the concept of a Winter Activity Park does not previously exist, it is yet to be determined how the 

concept can be carried out and how it can be feasible in a municipality. The technical aspects of the 

concept can be considered an initial step to determine what is required for the implementation of a 

Winter Activity Park. Since the concept has not previously been implemented, there are no previous 

records of what possible environmental impacts a Winter Activity Park might have. As part of this initial 
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study of the concept, the environmental aspects need to be investigated, in order to determine possible 

environmental impacts arising from the implementation of a Winter Activity Park. 

 

The present study therefore sets out to determine what is required for a Winter Activity Park to be 

technically feasible, with the usage of artificial snow, as well as investigating possible environmental 

impacts arising from the implementation, in order to determine whether the concept is feasible for 

chosen sites in Södertälje municipality. Since a Winter Activity Park is a new-found concept, the present 

study is to act as an initial step regarding the feasibility of the implementation. This means that further 

investigations, including additional aspects such as social and economic, are likely to be required further 

on. 

 

1.3 Aim & Objectives 

The aim of the project is to assess the feasibility of implementing a Winter Activity Park, with the usage 

of artificial snow, in Södertälje municipality.   

 

Objectives: 

● To determine the technical requirements of obtaining artificial snow for usage for a Winter 

Activity Park 

● To assess the viability of obtaining artificial snow at specific sites in Södertälje municipality  

● To determine environmental impacts from a Winter Activity Park and artificial snow 

● To recommend a location for a Winter Activity Park in Södertälje municipality, based on 

technical and environmental aspects 

 

1.4 Limitations 

The study has been carried out as a master thesis project at KTH, which limits the time period of the 

study to 20 weeks. In order to carry out the study during the given time period, the study has focused 

solely on technical and environmental aspects, as a means to assess the feasibility of constructing a 

Winter Activity Park. The study has therefore not included other aspects, such as social and economic, 

which can prove to be important for the feasibility of implementing a Winter Activity Park.  

 

The study also has a geographical limit, to only include chosen sites in Södertälje municipality (Tveta 

Friluftsgård and Stadsparken), and as further limitation, only one area at each site has been chosen for 

assessment. The sites as well as the focus areas have been decided through consultation with the 

municipality as well as responsible at Tveta Friluftsgård. The reason for including the two sites was to 

include sites which varied in geographical location as well as in site-specific conditions, in order to 

conduct a broad assessment. The reason for solely focusing on one specific area at each site was to be 

able to conduct a thorough assessment for each site, as well as being able to finish the assessments within 

the time limit. This means that there might be other possible areas, or other sites in Södertälje 

municipality, that are not included in this study which can be further assessed. 

 

For the equipment requirements for snow production, only mobile installations have been considered 

in this study, and permanent installations have not been included. Only mobile installations were chosen 

since a permanent installation requires groundwork, and it was considered not feasible to assess what 

groundwork the sites would require, within the time limit. Only lakes and water hydrants have been 

included as possible water sources for the technical requirements, even though other bodies of water 

might be possible to use. This limitation was made as it was considered they constitute the main water 

sources used for snowmaking in Sweden, after consultation with experts within the field. 

 

2. Theory 
Presented below is the theory chapter. First, previous studies are presented, in order to demonstrate 

what previously has been done in the field, and how the present study is meant to contribute. Secondly, 

is the concept of Winter Activity Park presented. Thirdly, theory related to artificial snow is presented, 

followed by a section regarding Södertälje municipality. Lastly, is theory related to physical activity in 
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relation to health presented, including physical activity in Sweden and seasonality variance of physical 

activity.  

 

The purpose of the chapter is to provide the reader with theory to create a wider context regarding the 

importance of the study, as well as introduce theory that will create a deeper understanding for the 

results presented later on.   

 

2.1 Previous studies  

A Winter Activity Park is a new-found concept and is derived from a recently crafted idea. To the author’s 

knowledge, no previous studies have therefore handled a concept similar to a Winter Activity Park or 

studied the feasibility of obtaining artificial snow at a certain site. Previous studies have been found to 

focus on the use of artificial snow in relation to the ski industry, where the snow is meant to be used for 

ski slopes, and the necessity of artificial snow to support ski tourism. This means that previous work has 

mostly reviewed snow production in accordance with the ski industry, and how artificial snow relates to 

Alpine conditions. Environmental aspects in relation to artificial snow have in previous studies mainly 

focused on how the changing climate will play a role for the necessity of snowmaking to compensate for 

scarcity of natural snow. 

 

The study by De Jong (2011), compiles knowledge regarding artificial snow, and includes a general 

description for the production of artificial snow, as well as how artificial snow differs from natural snow. 

The study also brings up environmental aspects in relation to artificial snow used at ski resorts, such as 

the limitation of snow production from climate change, and how production of snow might impact water 

resources, human health, and the ecology. 

 

Hanzer (et al., 2014), presents modelling of artificial snow production from several snow guns, and the 

study is carried out for a ski area in the Austrian Alps. The study is based on existing data from the ski 

resort, and includes data regarding type of snow gun, energy and water amount, location of the 

equipment, outdoor temperature, and the snow demand. The data is thereafter used in order to simulate 

the snowmaking operations for each snow gun at the resort. 

 

The study by Grünewald and Wolfsperger (2019), focuses on the water losses which occur from 

production of artificial snow, by carrying out field studies in a ski resort in Switzerland. The study 

investigates the water consumed during the production, and how much water is expected to be lost 

during snowmaking. The results of the study showed that water losses occurred, and that the quantity 

was highly related to weather conditions. 

 

Another study investigating snow production is by Rixen (et al., 2003), which studies how the use of 

artificial snow on ski slopes might impact the ecology. The study gives a short description of production 

of artificial snow, including the process with equipment and the outdoor temperature. The results from 

the study indicates that artificial snow, by production and preparations made on the slopes, might have 

an impact on the development of vegetations. 

 

The study by Steiger and Mayer (2008), sets out to investigate the reason for the diffusion of snow 

production, as well as if snowmaking is a viable option in the presence of climate change. The results 

indicate that climate change is a reason for diffusion, however, there may be other factors playing a part. 

The study also shows that production of snow is a useful adaptation strategy to compensate for the 

ongoing warming due to climate change, and future warm winters will require a large increase of 

produced snow. 

 

Previous studies have been found to study artificial snow in relation to the ski industry, and up-to-date 

studies with detailed reviews of the technical requirements for snow production has not been found, 

especially for non-Alpine locations or for other usages than for ski slopes. It seems to be a shortage of 

studies investigating how artificial snow can be obtained at various sites or providing a comprehensive 

overview of what is technically required. The present study therefore wants to investigate what is 



 

6 
 

technically required in regard to artificial snow, without basing it on Alpine conditions or specific 

locations. Previous studies have also mainly reviewed the impact from climate change on the production 

of snow, and how the changing climate will affect the need for snow. The present study instead sets out 

to investigate possible environmental impacts arising from obtaining and using artificial snow. 

 

2.2 The concept of Winter Activity Park 

Presented below is the concept of the Winter Activity Park.  

 

2.2.1 Idea and purpose 

The concept of the Winter Activity Park originates from an idea by Johan Faskunger, PhD in public 

health, in collaboration with the company Ecoloop, via Fredrick Regnell. The idea is that a park could 

be implemented by municipalities as a means to encourage inhabitants to increase physical activity 

during the winter period. A Winter Activity Park is meant to be an attractive meeting place for people to 

visit, in order to create an incentive for people to go outside, get fresh air and perform physical activity, 

as well as lead to increased socializing. It is meant to result in increased feelings of togetherness between 

various groups in society as well as lead to improved public health. (Pers. com. Faskunger, 2020) 

 

As a main part of the concept, the park is supposed to be using artificial snow, when the municipality is 

lacking natural snow. The time period of a Winter Activity Park is meant to be during October, 

November, or March, or if snow is lacking during the winter months (December to February), in order 

to have winter settings earlier, or to prolong the winter. Artificial snow is meant to help create a unique 

and attractive location, where it is possible to enjoy snow even if natural snow is lacking. A Winter 

Activity Park could thereby be seen as a place for people to visit where it is possible to enjoy snow as well 

as perform winter activities. (Pers. com. Faskunger, 2020)  

 

2.2.2 Design of Winter Activity Park 

An important aspect of a Winter Activity Park is that it is not limited in its construction, it does not have 

a set design that determines what it should include, or in what scale it should be. Depending on what 

the municipality wants, a Winter Activity Park can be designed according to the needs in the area. The 

park could be constructed to act as a meeting place, where it is possible for visitors to gather and socialize 

or it could be constructed with installations that provide physical activities to the visitors. It could also 

include installations that require equipment in order for visitors to perform the provided activities, for 

example an ice rink. (Pers. com. Faskunger, 2020) A Winter Activity Park could be implemented as a 

onetime only configuration, or it could be a more permanent implementation, with permanent 

constructions, that reappears each year. 

  

An aspect to consider could be which age or societal group the Winter Activity Park is meant to attract. 

The park could thereafter be designed to provide activities that are suitable for those the park is meant 

to attract. It could of course also be designed in order to attract everyone in the area and be a place where 

all kinds of visitors would be able to gather. (Pers. com. Faskunger, 2020) A park designed for various 

groups in society could, for example, include a playing area for younger children, an ice rink or sledding 

hill for those who are more physically active, as well as benches or a cafe for those in need of sitting 

down. A Winter Activity Park could also be designed with the sole purpose of providing beautiful 

surroundings, in order to create an attractive meeting place, where people can visit and appreciate the 

scenery. 

 

The social aspects are therefore to be taken into account when determining the design, to ensure that 

the Winter Activity Park generates the wanted social benefits. This refers to investigating whether people 

in the surrounding area are even interested in a Winter Activity Park and what they consider an 

attractive place to visit. Also, since implementation of a Winter Activity Park will have an economic cost, 

due to snowmaking and constructing the park, it is also important to consider the economic aspect when 

planning for and constructing a Winter Activity Park. 
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2.2.3 Location 

The location of a Winter Activity Park could be decided based on available areas in the municipality or 

based on the distance to residential housing or current physical activity facilities. The location could also 

be determined based on which social groups the park aims to attract as visitors (Pers. com. Faskunger, 

2020), since the location can be perceived as more or less attractive for various visitors. The distance 

between a Winter Activity Park and its visitors could be considered when deciding the location. Since 

distance and accessibility is likely to influence whether people will visit the physical activity facility 

(Faskunger, 2010; Eriksson et al., 2012; Boverket, 2013; Faskunger and Sjöblom, 2017; Silva et al., 2018; 

Sternö and Nielsén, 2018), where the park is located should be thoroughly considered. A Winter Activity 

Park located close to its visitors could mean that there is no need for residents to commute or travel by 

car to the park, and the transport to a Winter Activity Park could be seen as an additional source for 

physical activity (Boverket, 2013; Faskunger and Sjöblom, 2017). A Winter Activity Park could also be 

implemented as an additional construction at an already existing physical activity facility, to expand the 

range of activities at the site. 

 

2.2.4 Functionality and safety 

Other aspects to consider for the implementation of a Winter Activity Park, is functionality and safety. 

The park should be able to provide visitors with activities that encourage physical activity in order to 

improve public health. However, the park should also provide activities that bring joy and enjoyment 

(Pers. com. Faskunger, 2020), since people who experience physical activity as a positive experience are 

more inclined to continue performing physical activity (Parschau et al., 2014; Colditz et al., 2017; Pers. 

com. Faskunger, 2020). It should also feel safe and secure being at the park. Having workers or leaders 

present at the park could increase the feeling of safety, where workers could help out with the equipment 

and explain the provided activities, as well as be present to answer questions and make sure that no 

visitor gets injured. (Pers. com. Faskunger, 2020) The more people present at a physical activity facility, 

the less deserted it will feel, leading to visitors feeling more safe and secure, and be more prone to visit 

(Faskunger and Sjöblom, 2017). If a facility feels unsafe, has insufficient lighting, is badly maintained or 

vandalised, it is less likely that people will feel inclined to visit (Faskunger and Sjöblom, 2017) 

 

2.2.5 Advantage of Winter Activity Park 

Advantage of a Winter Activity Park is that it is not limited to any specific design or scale but can be 

customized in order to suit societal needs and available locations. How the artificial snow could be used, 

and what activities could be provided can vary between municipalities, as well as between geographical 

locations. A Winter Activity Park could also be a place to visit for people that are not as familiar with 

snow or snow related activities, due to, for example, cultural belongings, in order to include individuals 

that previously did not take part in winter activities. It could therefore be an introduction to snow related 

activities, where visitors do not need to have their own equipment or any prior knowledge of snow 

activities in order to visit the park (Pers. com. Faskunger, 2020). A Winter Activity Park could, besides 

from improving public health, contribute to bringing together various societal groups, and create 

feelings of belonging and fellowship between residents.  

 

2.3 Artificial snow 

As part of a Winter Activity Park, artificial snow is to be used for the construction. Presented below are 

a description of artificial snow and a description of the production process.  

 

2.3.1 Characteristics  

Artificial snow is commonly used to create snow where natural snow is lacking or in order to maintain a 

sufficient snow cover. It is often used to support winter activities, such as in the ski industry. Due to 

rising temperatures, as a result of climate change, natural snow is becoming less reliable, which has led 

to an increased need for artificial snow to ensure sufficient snow cover. (Lagriffoul et al., 2010; De Jong, 

2011; Hanzer et al., 2014; Grünewald and Wolfsperger, 2019; Moser and Baulcomb, 2020) 
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Artificial snow differs from natural snow in its structure as well as its characteristics. Crystals of natural 

snow are formed more dendritic, whereas artificial snow has smaller crystals, formed as rounded grains 

(De Jong, 2011; Rixen et al., 2003), a shape more comparable with natural snow that has continuously 

been melted and refrozen. Due to the shape of the crystals, artificial snow has a higher density than 

newly fallen natural snow and is therefore more compact and harder than natural snow. (De Jong, 2011) 

Due to the higher compaction, artificial snow melts slower compared to natural snow, and is therefore 

more resilient. Artificial snow can withstand several degrees plus (℃), over a longer period of time, and 

still last. However, a very high outdoor temperature, hard wind or rain will have a significant tear on the 

snow (Pers. com. Häggkvist, 2020) 

 

2.3.2 Production  

To produce artificial snow, a snow cannon is used (De Jong, 2011). There are different snow cannons to 

use when producing snow, called fan guns and lance guns (Pers. com. Skoglund, 2020). A fan gun is 

mobile and therefore does not require a permanent arrangement (Pers. com. Häggkvist, 2020), whereas 

the lance gun is stationary (Pers. com. Häggkvist, 2020). The fan gun is able to produce snow at warmer 

temperatures, as well as a larger amount of snow, compared to a lance gun (Pers. com. Skoglund, 2020). 

Water is transported with a pump from a water source to the snow cannon, through tubes. From the 

water source to the pump the pressure can be relatively low, 1-2 bar (Pers. com. Skoglund, 2020). Before 

reaching the snow cannon the pump amplifies it to the required pressure of 20-40 bar. (SLAO, n.d; Pers. 

com. Häggkvist, 2020; Pers. com. Skoglund, 2020)  

 

The water is thereafter ejected by the cannon and separated into fine droplets (De Jong, 2011; Grünewald 

and Wolfsperger, 2019; Pers. com. Skoglund, 2020). The water droplets freeze when in the air and fall 

to the ground as snow crystals. (De Jong, 2011; Grünewald and Wolfsperger, 2019) If the air temperature 

is not sufficiently cold, or the water droplets do not have enough fall time, the snowflakes may not be 

able to freeze adequately in the air, and instead melt when hitting the ground (Rixen et al., 2003; De 

Jong, 2011; Pers. com. Lättman, 2020; Pers. com. Häggkvist, 2020).  

 

2.4 Södertälje municipality 

Södertälje municipality is located in Stockholm county, and has approximately 100 000 inhabitants, 

with a wide range of cultural backgrounds of its residents. Södertälje has through various efforts enabled 

spontaneous physical activity for its residents, as a means to involve the entire municipality to perform 

more physical activity. Spontaneous physical activity refers to non-organized physical activity at public 

facilities, where people can visit without booking or paying.  However, some of the efforts have not had 

the wanted outcome. Instead of being a meeting place for visitors from various backgrounds to perform 

physical activity, installed facilities have mainly attracted certain societal groups. For example, artificial 

football turfs in the municipality have mainly been used by adolescent boys, which are likely to already 

play in a sports organisation, instead of being a place for spontaneous physical activity for everyone 

(Pers. com. Mattsson and Ahtela, 2020). Södertälje has also had challenges with vandalism of public 

physical activity facilities, such as damage to equipment and graffiti on constructions. The municipality 

is therefore positive to implement a facility for spontaneous physical activity that is attractive for many 

various visitors in order to prevent damage to occur. (Pers. com. Mattsson and Ahtela, 2020)  

 

Södertälje municipality, via the culture and leisure office (Kultur- och Fritidsförvaltningen), considers a 

Winter Activity Park in Södertälje as a meeting place for all residents, that is easily accessible and usable 

for everyone. The accessibility should include the needs of individuals with disabilities, children, and 

the aging population, as well as being constructed in an accessible and available manner. The park 

should have the ability to attract entire families, both those used to snow as well as those without 

previous experience. (Pers. com. Mattsson and Ahtela, 2020) A Winter Activity Park in Södertälje would 

be designed to provide various activities so that everyone is able to find a suitable activity at the location. 

In order to be attractive for everyone in Södertälje, the Winter Activity Park would provide suitable 

equipment, free of charge. By providing equipment, Södertälje municipality is hoping to create a place 

that is suitable for everyone. (Pers. com. Mattsson and Ahtela, 2020) 
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As a result of the Winter Activity Park, Södertälje municipality is hoping to bring together various 

people, and create contacts between individuals. Hopefully, people who do not usually perform physical 

activity or are a part of any sports club, will be introduced to new opportunities and be inspired to 

continue performing physical activity. Also, by constructing a Winter Activity Park that brings together 

many people, hopefully, a safe and secure place will be created, with minimized occurrence of vandalism. 

(Pers. com. Mattsson and Ahtela, 2020)  

 

2.5 Physical activity and health 

A globally occurring phenomena, is that people today have been found having sedentary lifestyles, 

performing low levels of physical activity (Tremblay et al. 2011; Biddle, 2015; Jochem et al., 2018). 

Sitting has become a natural part of life, due to commuting, sitting down at work or school and during 

leisure time (Tremblay et al. 2011; Biddle, 2015; Koehler and Drenowatz, 2019). It has been found that 

sedentary behaviour is causing public health issues (Tremblay et al. 2011), and is increasing the risks for 

obesity, heart diseases and mental health issues. Being sedentary at a young age can also have negative 

effects on the development of motor skill and can lead to a decreased physical health during adulthood. 

(Koehler and Drenowatz, 2019). By performing physical activity, the risk for diabetes and cancer are 

decreased and a higher life quality is obtained. (Fuchs, 2015; Colditz et al., 2016) By regularly performing 

physical activity, the risk for premature death has been found to be decreased by 30-44%, the risk for 

heart diseases by 25-30% and the risk for diabetes type 2 by 30-40% (Malm and Isaksson, 2017). 

 

Physical activity can, besides to physical health benefits, also have a positive impact on mental health 

(Fuchs, 2015; Colditz et al., 2016). It has been found that by performing physical activity, cognitive 

deterioration, which can result in dementia or Alzheimer’s, can be decreased or even avoided (Schuch 

et al., 2015; Fuchs, 2015; Zhu et al., 2017; Liu-Ambrose et al., 2019; Najar et al., 2019). It has also been 

found that physical activity can reduce the risk for mental illness with 20-30% (Malm and Isaksson, 

2017). People suffering from depression and anxiety (Colditz et al., 2017), can benefit from physical 

activity, as it may ease the symptoms (Fuchs, 2015; Colditz et al., 2016). Besides anxiety and depression, 

physical activity can also generate mental health improvements such as better sleep, increased self-

esteem, and decreased feelings of discouragement (Fuchs, 2015; Schuch et al., 2015; Colditz et al., 2016). 

 

2.5.1 Physical activity in Sweden 

In Sweden, sedentary behaviour is a common occurrence (Faskunger, 2010), often due to lack of time, 

motivation (Parschau et al., 2014), or due to disabilities (CIF, n.d). It has been shown that only around 

half of the adult population is meeting the recommended amount of physical activity (75 to 150 minutes 

of moderate-to-vigorous intensity physical activity per week (WHO, 2010)), whereas the other half has 

been found having sedentary lifestyles (Faskunger, 2010; RF, 2016). For children, only 44% of the boys 

and 22% of the girls are fulfilling the recommended amount of 60 minutes of physical activity per day 

(WHO, 2011; Nyberg, 2017). Sedentary behaviour and a lack of physical activity is each year contributing 

to approximately 5.3 million deaths globally, of which 10 000 in Sweden (Malm and Isaksson, 2017). 

 

Groups in society that have been found to be the least physically active are individuals with lower degree 

of education (Folkhälsomyndigheten, 2019) or with lower income, as well as people born outside of 

Europe, foremost girls (RF, 2011; Fundberg, 2017). Individuals living in communities with lower levels 

of socioeconomic security (Malm and Isaksson, 2017) and people with disabilities are also less prone to 

perform physical activity (Pers. com. Faskunger, 2020). 

 

2.5.2 Seasonal variation of physical activity  

Several previous studies have found changes in level of physical activity related to seasonality changes 

(Carson et al., 2010; Gracia-Marco et al., 2013; Hjorth, 2013; Arnardottir et al., 2017). The study by 

Arnardottir (et al., 2017), found that people were more active during spring and summer than during 

the winter. It was believed that the short days and cold weather was leading to a decrease of physical 

activity, compared to the summer period. (Arnardottir et al., 2017) Another study (Gracia-Marco et al., 

2013), also stated a seasonality variance in physical activity between winter and spring, where the result 
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was believed to have a  connection to the fact that winters characterized by harsh conditions would lead 

to less physical activity.  

 

A connection between harsher weather and decrease in level of physical activity, is also mentioned by 

Carson (et al., 2010), as well as (Hjorth, 2013). The results of the studies showed that children are less 

likely to be physically active during winter season, especially children living in colder climates (Carson 

et al., 2010; Hjorth, 2013) Even though several studies have noticed a seasonal variance, the study by 

Hagströmer (et al., 2014), which assessed levels of physical activity during the year, showed no variance 

in level of physical activity between different seasons.  

 

3. Methods 
Presented below are the methods applied in the study, in order to meet the objectives and fulfil the aim. 

 

3.1 Literature study 

A literature study was carried out as a means to gather information for the theoretical background. An 

initial literature study was conducted in order to investigate previous studies related to artificial snow 

and snow production. Thereafter, the literature study was continuously performed in order to gather 

additional information regarding artificial snow as well as physical activity, health, and seasonality. 

Sources were mainly gathered through the database Primo, provided by KTHB. Search words used were 

relevant to the subject and used in combination, such as; ‘physical activity’, ‘physical health’, ‘mental 

health’, ‘seasonality’, ‘physical activity facilities’, ‘production’, ‘artificial snow’, ‘technical snow’, 

‘snowmaking’. Reliable websites have also been used for the literature study to gather information. 

Included websites belong to relevant organisations with broad knowledge of artificial snow, 

governments in Sweden and manufacturers with expert knowledge regarding production and usage of 

artificial snow. In order to keep a scientific approach throughout the project, only sources deemed 

holding a sufficient scientific level have been included, as well as websites belonging to reliable sources. 

 

3.2 Interviews 

In order to gather in-depth knowledge regarding specific areas important for the project, several people 

within various areas of knowledge have been interviewed. The information gathered from the interviews 

have been used for the theoretical background, as well as to determine technical requirements for 

obtaining artificial snow. The interviews have been performed through emails, phone calls as well as 

personal meetings. The interviews have followed a semi-structure, where questions were prepared 

beforehand, but with the possibility to add or subtract questions during the interview. Semi-structured 

was chosen due to its flexibility, as it allows for collection of unexpected information which may arise 

during the interview.  

 

Presented below are the interviewees, their roles and/or area of knowledge, as well as the date of the 

interview/-s. Information gathered through the interviews, as well as its connection to the project, are 

also stated. 

 

Interview with an expert in the field of public health and physical activity. The interview gathered 

expertise knowledge in order to create a thorough description of the concept Winter Activity Park, and 

how the concept could possibly lead to an increased level of physical activity, and thereby an improved 

public health, in municipalities. The interview also gathered knowledge regarding physical activity and 

health in Sweden. The interviewee was: 

- Johan Faskunger, PhD in public health. Interviews were conducted through a personal meeting 

on the 22nd of January as well as through email the 30th of January. 

 

Interviews with responsible parties in Södertälje municipality, at the culture and leisure office (Kultur- 

och Fritid), in order to gather information regarding the municipality and how they work with promoting 

physical activity, as well as what problems the municipality are experiencing today. The interview also 

covered the municipality’s view on the concept of Winter Activity Park. The interviewees were: 
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- Stefan Mattsson, responsible for facilities for physical activities, at ‘Kultur och Fritid’ in 

Södertälje municipality. Interviews were conducted through a personal meeting on the 18th of 

February, as well as through a phone call on the 2nd of April. 

- Tiina Ahtela, responsible for administrating bookings of facilities for physical activity, at ‘Kultur 

och Fritid’ in Södertälje municipality. An interview was conducted through a personal meeting 

on the 18th of February.  

 

Interviews were conducted with several individuals that have great prior knowledge in artificial snow. 

The interviews gathered information regarding how artificial snow is produced and its characteristics as 

well as technical requirements for obtaining the snow. These interviews have been performed to gather 

expertise information regarding artificial snow, to be used for the theory and result chapter. The 

interviewees were: 

- Andreas Häggkvist, facility manager at Flottsbro ski resort in Huddinge. Interviews were 

conducted through phone calls on the 29th of January and 26th of February. 

- Henrik Skoglund, CEO at Snow makers. Interviews were conducted through emails on the 29th 

of January, 17th of February, 10th, 19th and 24th, 25th of March, 2nd, and 4th of April, as well 

as a phone call on the 10th of March.  

- Tammie Lättman, voluntary worker and responsible for the ski school at Ragnhildsborgsbacken 

in Södertälje. Interview was conducted through a personal meeting on the 28th of February. 

 

3.3 Field studies with observations 

Field studies have been carried out as part of the project, to gather information about chosen sites in 

Södertälje municipality. Information was gathered through observations, and information about the 

physical appearance of the sites were collected. This method was used in order to determine the site-

specific conditions at each site, which then could be analysed in order to assess the technical suitability 

of obtaining artificial snow.  

 

Field studies carried out was; 

- Tveta Friluftsgård, Södertälje: 7th of April 2020 

- Stadsparken, Södertälje: 7th of April 2020 

 

The sites were decided on in agreement with Södertälje municipality. The reason for including these two 

specific sites was to be able to compare locations that differed in geographical location as well as in its 

conditions. This in turn to be able to conduct a broad technical assessment at sites in Södertälje 

municipality. 

 

3.4 Environmental Impact Assessment 

As a part of the study, an Environmental Impact Assessment (EIA) has been conducted for the 

implementation of a Winter Activity Park. EIA is an assessment tool, used to evaluate a plan or project 

in terms of its possible environmental impacts (Masera, 1992; Ott et al., 2012; Awange, 2018; Zeleňáková 

et al., 2020), by identifying and predicting consequences that may arise (Ott et al., 2012; Awange, 2018). 

The EIA has been conducted in order to acknowledge the environmental aspects of the implementation 

of a Winter Activity Park at the two chosen sites in Södertälje (Tveta Friluftsgård and Stadsparken). The 

assessment determined what possible consequences that could arise at each site if using artificial snow 

to implement a Winter Activity Park, as well as if the consequences were positive or negative, and to 

what degree. The results of the EIA can be used as support in order to determine which site is preferable. 

 

For the EIA, the manual from Naturvårdsverket (Naturvårdsverket, 2009) has been used as a reference 

guide for the assessment. The Swedish Environmental Law (Riksdagen n.d), as well as previously 

conducted EIA’s in Sweden (Örndalen, 2015; Sweco, 2016; Henric Erntson Konsult, 2017), have also 

been consulted when conducting the EIA, in order to establish environmental aspects as well as creating 

the framework of the assessment. 
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3.5 Carbon footprint  

Calculations of the carbon footprint have been applied in the study, on the alternative ways of obtaining 

artificial snow. The overarching goal of carbon footprint is to quantify significant GHG, expressed in 

carbon dioxide equivalent (CO2-eq), in order to quantify the contribution to climate change of a product, 

from a life cycle perspective (SIS, 2018). Carbon footprint calculations have been carried out in order to 

acknowledge the environmental impacts from artificial snow, used to implement a Winter Activity Park. 

The calculations determined which alternative of obtaining artificial snow would have the least 

contribution to climate change. The results of the carbon footprint can be used in order to determine 

how artificial snow should be obtained, in order to have the least environmental impact. 

 

The ISO 14067 standard, accessed through the KTH library database (SIS, 2018), was followed for the 

calculations of carbon footprint. However, a slight moderation of the structure of the standard was 

required to be suitable for the present study. As proclaimed by the ISO standard, a Life Cycle Inventory 

(LCI) is to be presented, stating the inputs and outputs from each included process. The outputs are 

meant to present each and every individual GHG emission generated from the process, as well as the 

mass of each emission. (SIS, 2018) As a large amount of data included for the carbon footprint has been 

based on assumptions and estimations, it has not been possible to gather detailed data regarding each 

individual emission generated. Instead, for the present study, the LCI has been modified to present the 

outputs as a summarized impact for each process, expressed in kg CO2-eq. Even though the calculations 

follow a modified structure, it is still considered that the carbon footprints are still able to accurately 

represent the relationship between the environmental impact of the different alternatives. 

 

4. Results 
Presented below are the results of the study, relating to the feasibility of the implementation of a Winter 

Activity Park, in regard to technical and environmental aspects. The results are meant to determine 

whether a Winter Activity Park is feasible at the specific sites in Södertälje municipality, and which site 

is preferable, from a technical and environmental viewpoint. The results are also meant to determine 

how artificial snow can be obtained in the most favourable way, in regard to least environmental 

impacts. 

 

First, are the results from the field studies presented, which compiles the information gathered at the 

two chosen sites in Södertälje municipality in order to create descriptions of the locations. Secondly, are 

the methods of obtaining artificial snow presented, as well as the compilation of technical requirements 

for each method. Presented thirdly, is the assessment of the two sites in relation to the technical 

requirements, in order to determine whether the sites will be able to implement a Winter Activity Park. 

The assessment is carried out by assessing whether each site would be able to fulfil the technical 

requirements. Thereafter, is the EIA presented, which assesses the possible environmental 

consequences that could arise at each site, if a Winter Activity Park were to be implemented. Lastly, are 

the carbon footprint calculations presented, which determine the environmental impact, in terms of 

contribution to climate change, from the alternative ways of obtaining artificial snow. 

 

4.1 Site descriptions  

Presented below are the results from the field studies, compiled in order to create location descriptions 

of the two sites included in the study. The site descriptions are to be further analysed in the technical 

assessment, in relation to the technical aspects of obtaining artificial snow, in order to assess whether it 

is feasible to implement a Winter Activity Park at these specific sites.  

 

The sites included in the study are Stadsparken and Tveta Friluftsgård. Stadsparken is a centrally located 

urban park, whereas Tveta Friluftsgård is a recreation area located further from the city core. One 

specific area at each site has been chosen as the focus for the field studies, to be further assessed. The 

sites as well as the focus areas have been decided through consultation with the municipality as well as 

responsible at Tveta Friluftsgård. In Figure 1, the placement of the sites in the municipality can be 

viewed. 
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Figure 1: Overview of the location of the sites in Södertälje. (Google Imagery ©2020 CNES / Airbus, Landsat / Copernicus, 

Lantmäteriet/Metria, Maxar Technologies, Map data ©2020) 

 

4.1.1 Observations from Tveta Friluftsgård   

The area included in the field study is quadratic shaped and located to the south at Tveta Friluftsgård. 

An overview of the site can be found in Figure 2, the focus area marked in red outline.  

 

Surrounding the area is a large forest to the north, an outdoor gym to the west, a parking lot to the south 

and a road to the east. The forest consists of thick coverage of trees. Beyond the forest, outside the site, 

are residential housing. At some distance of the area, to the north-east, is lake Måsnaren, as well as a 

cluster of non-residential houses. The parking lot and the road is partly separated from the area with 

trees, that create a certain coverage. There is no coverage between the outdoor gym and the area.  

 

The ground of the area is a grass surface, apart from a patch in the middle of the area, which is gravel. 

On the gravel patch are a couple of non-stationary picnic benches placed. The area also includes a track 

centre, with training tracks going into the forest. An electrical switchboard is located at the edge of the 

forest. There are several streetlights placed at the area, as well as at the parking lot and outdoor gym. 
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Figure 2: Overview of the site Tveta Friluftsgård, the area marked in red outline. (Google, Imagery ©2020 CNES / Airbus, 

Lantmäteriet/Metria, Maxar Technologies, Map data ©2020) 

 

4.1.2 Observations from Stadsparken 

The area included in the field study is almost quadratic shaped, located to the east of Stadsparken. An 

overview of the site can be found in Figure 3, the focus area marked in red outline. 

 

Surrounding the area are a road to the east, a playground to the north and surrounding the area at west 

and south is a large gravel walkway. Located outside the site are buildings, and to the west is the 

commuter train station as well as a bus street. Outside the site, to the south-east, at a small distance is 

lake Mälaren. There are a couple of smaller walkways next to the area, as well as several trees. Between 

the area and the road, to the east, are fences as well as several large trees, creating a coverage to the road. 

There are a few smaller trees between the large walkway and the area, as well as benches, streetlights, 

and garbage cans. The entire ground of the area is a grass surface, with a few trees spread out on the 

grass. At the edge of the area, to the east, are trees, benches, garbage cans as well as streetlights. 

 
Figure 3: Overview of the site Stadsparken (yellow outline), the focus area marked in red outline. (Google Imagery ©2020 

CNES / Airbus, Lantmäteriet/Metria, Maxar Technologies, Map data ©2020) 
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4.2 Technical requirements for obtaining artificial snow 

In order to determine the feasibility of a Winter Activity Park, it first needs to be determined what is 

required in order to construct it. As a Winter Activity Park is constructed with the use of artificial snow, 

the requirements will relate to what is needed in order to obtain the snow. The technical requirements 

of obtaining artificial snow have therefore been studied and compiled, in order to determine what is 

required for the implementation. The requirements include what resources need to be available at the 

site, as well as what conditions a site would need to have to be suitable. 

 

There are two different ways which artificial snow can be obtained; either the snow is produced directly 

at the site of the Winter Activity Park, or, the snow can be produced at another location, and thereafter 

be transported by a truck to the site of the Winter Activity Park, where it then will be used. 

 

For each of these methods, there are requirements that need to be fulfilled. The technical requirements 

only relate to what is required at the site for the Winter Activity Park, in terms of how the site can fulfil 

the requirements, and it has not been included what requirements that might occur outside the site. This 

means that for the method of transporting snow from a production site to the site of the Winter Activity 

Park, the requirements for this method will not include what is required from the production site, but 

instead only relate to what is required at the site of the Winter Activity Park. 

 

4.2.1 Requirements for production at the site 

One method for obtaining artificial snow is to produce it directly at the site where it is meant to be used. 

There are several technical requirements to consider when it comes to producing artificial snow, which 

determine whether it is possible to produce snow at a site. The technical requirements required for 

producing artificial snow directly at a site are presented below, one requirement at a time.  

 

Equipment for mobile installations 

In order to produce artificial snow, equipment is needed. The installation can be both stationary as well 

as mobile (Pers. com. Skoglund, 2020). Following description include the equipment for a mobile 

installation, with a lake or a water hydrant as a water source. As part of the limitations for this study, 

permanent installations and other water sources have not been included. 

 

Apart from a snow cannon, the equipment needed for producing artificial snow is a mobile pump (see 

Figure 4) and tubes for transporting the water. An additional pump might also be needed, a so-called 

submersible pump. (Pers. com. Skoglund, 2020)  

 
Figure 4: A mobile pump (source: Snow Makers) 
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The mobile pump maintains the water pressure, so that the water is transported from the water source 

to the pump, and then amplifies the pressure before the water enters the snow cannon. Due to its 

mobility, a mobile pump can be placed as suitable for the specific location, however, in order to maintain 

a sufficient water pressure, it must be placed within 100 m from the snow cannon. Tubes connect the 

water source with the mobile pump, and the mobile pump with the snow cannon. Since the pressure is 

higher after the mobile pump then before, due to amplification, a more robust tube is required between 

the mobile pump and the snow cannon, to withstand the pressure. (Pers. com. Skoglund, 2020) 

 

If using a lake as a water source, a submersible pump may be required, depending on the distance 

between the lake and the mobile pump. If the distance between the lake and the mobile pump is less 

than 10 m, the mobile pump will be able to apply enough water pressure to transport the water from the 

source to the pump. However, if the distance is 10 m or more, the pressure will not be sufficient, and a 

submersible pump is required. The submersible pump is submerged into the lake in order to pump the 

water from the lake to the mobile pump.  If using a water from the municipal water net, no submersible 

pump is needed, since the water already has a certain pressure. The self-pressure of municipal water, 

around 7 bar, is sufficient to transport the water from the hydrant to the mobile pump (Pers. com. 

Skoglund, 2020).  

 

Figure 5 represents the method of producing artificial snow directly at a site, with mobile installations, 

including the alternative water sources. 

 
Figure 5:  Overview for production at the site with a mobile installation  

 

Outdoor temperature 

To produce artificial snow, an outdoor temperature of at least -1°C is required (Pers. com., Skoglund, 

2020). However, some sources state an even lower temperature, saying -2-4°C (Steiger and Mayer, 

2008; De Jong, 2011;  Svenska Skidförbundet, 2017; Grünewald and Wolfsperger, 2019), or even below 

-7°C (Rixen et al., 2003; Lagriffoul et al., 2010) is suitable. However, a temperature of continuous -4°C 

or below can be considered preferable in order to generate an adequate volume of snow (Pers. com. 

Skoglund, 2020).  

 

What period of time with continuous low temperature that is needed is difficult to say, as this may be 

influenced by the outdoor temperature, and of course, how much snow that is needed. It is considered 

that the snow cannon and pump are able to produce approximately 30 m3 of snow during one hour (Pers. 

com. Skoglund, 2020). However, due to the time required for setting up the equipment, the start-up 

time as well as possibly having to rearrange the cannon, in reality, more time will be needed for the snow 

production. If including the time for the additional activities required for the production, it is instead 

considered that during one day, it is possible to produce approximately 150-225 m3 snow (Pers. com. 
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Skoglund, 2020). The days required to produce a sufficient amount of snow therefore depend on the size 

of the Winter Activity Park. 

 

An outdoor temperature of at least -1°C is therefore needed in order to produce artificial snow, and the 

time period will be determined by the volume of snow required. 

 

Water  

There are several aspects to consider when it comes to water requirements. In order to produce artificial 

snow, access to a water source is needed (SLAO, n.d; Rixen et al., 2003; Pers. com. Lättman, 2020; Pers. 

com. Häggkvist, 2020, Pers. com. Skoglund, 2020), such as a lake or a water hydrant nearby. Besides 

from physical access to water, permission is also required for extraction of both lake water and municipal 

water (Pers. com. Mattsson, 2020). 

 

The water should also be suitable for producing snow. Water containing humus, such as lake water, is 

considered suitable, as the particles simplify the crystallization of the water droplets released from the 

cannon (Svenska Skidförbundet, 2017; Pers. com. Skoglund, 2020). The droplet can attach to a bacteria 

or particle to form a snow crystal. However, if the water has too many particles, the nozzle of the cannon 

is likely to clog (Pers. com. Skoglund, 2020), and is therefore not suitable. Clean water, such as 

municipal water, is also considered suitable. However, clean water has a less effective crystallisation due 

to the lack of particles, and the freezing process will be slower. (Pers. com. Skoglund, 2020) Water with 

a high salt amount, such as sea water, should not be used for producing artificial snow, since it is likely 

to cause salt deposit in the equipment. (Pers. com. Häggkvist, 2020) Brackish water, meaning a mix of 

salt and fresh water in its salinity (Sandrine et al., 2009), can be used, however, it will generate a smaller 

volume of snow (Pers. com. Skoglund, 2020). 

 

The water temperature is typically between +1-5°C (Hanzer et al., 2014), and optimally at +2°C (Svenska 

Skidförbundet, 2017; Pers. com. Skoglund, 2020), such as lake water (Klart, n.d). If the temperature is 

lower there is a risk that the water will freeze inside the cannon (Svenska Skidförbundet, 2017; Pers. 

com. Skoglund, 2020). Water with a higher temperature, such as municipal water, that is around +7-

12°C, is possible to use (Svenska Skidförbundet, 2017; Pers. com. Häggkvist, 2020; Pers. com. Skoglund, 

2020), however, it requires a lower outdoor temperature (Pers. com. Lättman, 2020; Pers. com. 

Skoglund, 2020). The required amount of water needed to produce 1 m3 of artificial snow is between o.4 

m3 (Damm et al., 2014) and 0.5 m3 water (Pers. com. Skoglund, 2020).  

 

Therefore, the site requires access to a nearby water source, (both physical access as well as permission 

to use the water), with water of suitable quality and temperature. The water should not be too dirty or 

contain too much salt, and the source should be able to provide a sufficient amount of water. 

 

Energy 

Energy is required to run the equipment, such as the pump/-s and the cannon (Pers. com. Skoglund, 

2020). The energy required for producing snow, meaning the electricity needed to run the equipment, 

is approximately 1-3 kWh for producing 1 m3 of artificial snow. (SLAO, n.d; Pers. com. Skoglund, 2020) 

The site therefore requires access to an energy source that can provide a sufficient amount of electricity. 

 

Ground 

In order to create a proper snow layer on the ground, the ground needs to be suitable. The smoother the 

ground, the better, to avoid having to fill unnecessary cavities with snow (Pers. com. Skoglund, 2020). 

A hard foundation is preferable, since it has low heat transfer, to prevent the snowflakes from melting 

when landing (Pers. com. Häggkvist, 2020). Grass, gravel or asphalt are considered suitable options 

(Pers. com. Skoglund, 2020), however, grass should be cut short, to avoid air pockets. (Pers. com. 

Häggkvist, 2020) Therefore, the site should have suitable ground, in the form of low heat transfer and 

low risk for air pockets. 
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Surroundings 

There are some aspects to consider when it comes to the surroundings of the site. During snow 

production, snow driftage may occur, which is when water vapor from the cannon turns into ice particles 

(Grünewald and Wolfsperger, 2019; Pers. com. Skoglund, 2020). The particles may drift to the 

surroundings and get stuck on objects, such as buildings, windows, cars, or light posts, or cause slippery 

roads. (Pers. com. Skoglund, 2020) Due to driftage, it is not suitable to produce artificial snow in an area 

located too close to buildings or residential areas, but preferable at an open field (Pers. com. Skoglund, 

2020).  

 

Since equipment is needed for producing snow, the surroundings must provide sufficient space for the 

snow cannon and the mobile pump at the site. The snow cannon also requires free space, for the crystals 

to be able to freeze sufficiently before landing. If the cannon ejects water droplets towards an object, for 

example a tree, it is likely that it will create chunks of ice instead of snow (Pers. com. Lättman, 2020), 

or even damage the tree (Pers. com. Häggkvist, 2020). Therefore, the surroundings should allow the 

snow cannon to operate without nearby objects that create obstacles and hinder the blast from the snow 

cannon. There might also be some noise occurrence when producing snow, from operating a snow 

cannon (De Jong, 2011; Pers. com. Häggkvist, 2020), which should be considered in regard to the 

surroundings.  

 

Therefore, the site should not be located so that nearby objects may take harm from snow driftage, as 

well as allow free space for the blast of snow cannon. The site should also provide sufficient space to 

place the equipment and allow for the possibility of noise. 

 

The requirements for producing artificial snow directly at the site are summarized in Table 1 below. 

 
Table 1: Technical requirements for production of artificial snow directly at the site 

Aspects Requirements 

Equipment Snow cannon, tubes, mobile pump, submersible pump 

Outdoor temperature ≤ - 1℃ 

Water access Water source accessible at the site 
 

Water quality Not too dirty or salt water 

Water temperature +2℃ (lake water), +7-12℃ (municipal water) 

Water amount 0.4-0.5 m3 per m3 snow 

Energy access Energy source accessible at the site 

Energy amount 1-3 kWh per m3 snow 

Ground Low heat transfer, low risk for air pockets 

Surroundings No nearby objects that can be damage from snow driftage, available 
area for equipment, no obstacles at site hindering the snow blast, 

possible production noise allowed 

 

4.2.2 Requirements for production at another site 

It might not always be possible to produce artificial snow directly at the site for a Winter Activity Park 

in case the technical requirements for snow production cannot be fulfilled. If snow cannot be produced 

directly at the site, snow can still be obtained by producing it at another location and thereafter transport 

it to the site. This makes it possible to obtain artificial snow without being dependent on having to 
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produce it directly at the site, which enables having a Winter Activity Park, even if the snow cannot be 

produced there.  

 

Producing artificial snow at another location and transporting it to the site, will not have a negative effect 

on the quality of the snow, it will have the same quality as snow produced directly at site. Since snow 

production might require several days in order to produce a sufficient amount of snow, the snow might 

have to be kept at the production site during the days of production, before being able to move it. It is 

possible that the snow will become slightly dryer by the wait, however, this will not negatively affect the 

quality of the snow or make it more difficult to form it later on. (Pers. com. Skoglund, 2020) This method 

will, however, require a larger amount of snow to be produced, since the bottom layers of snow will have 

to be discarded, due to contamination from the ground. The amount of snow lost is dependent on type 

of ground as well as the operator, however, approximately 10% of the produced snow will be discarded 

due to contamination. (Pers. com. Skoglund, 2020)  

 

Since the snow is produced at another location, the site does not need to fulfil the technical requirements 

for production. The present study has not included where artificial snow could be produced and 

transported from, but only included that snow is available for transportation. However, the site where 

the production takes place will still need to fulfil the technical requirements for producing snow, even if 

this is not included here.  

 

Accessibility 

In order to obtain artificial snow by having it transported from another location, trucks are needed to 

transport the snow from the production location to the site for a Winter Activity Park. Transporting 

snow from one location to another means that it is necessary to do several routes, in order to provide 

sufficient amounts of snow. A truck is able to carry approximately 20 m3 of snow at a time (Pers. com. 

Skoglund, 2020), and therefore, depending on the size of the Winter Activity Park, the required 

transportations will vary.  

 

As transportation is required to obtain the snow, the site must be accessible for trucks in order for the 

trucks to deliver the snow. This means that trucks must be able to reach the site and be able to distribute 

the snow.  Machines might be needed to rearrange the snow at the site, which means that the site must 

also allow for machines to access. 

 

Therefore, the only technical requirement required of the site for this method is accessibility for trucks 

and machines, presented in Table 2 below. 

 
Table 2: Technical requirements for production of artificial snow at another site 

Aspects Requirements 

Accessibility Possible to access the site with trucks and machines. 

 

4.3 Fulfilment of technical requirements 

Whether it is possible to implement a Winter Activity Park at Tveta Friluftsgård and Stadsparken, from 

a technical viewpoint, can be determined by assessing the sites in relation to the technical requirements. 

The assessment will determine whether it is possible to obtain snow at each site with the two methods 

and is carried out by evaluating the findings from the field studies in relation to the technical 

requirements.  

 

The assessment starts by assessing whether artificial snow can be obtained through production directly 

at the site. Each site will be assessed to see if they fulfil the technical requirements (see 4.2.1 

Requirements for production at the site).  Thereafter, the possibility of producing snow at another 

location and transporting it to the sites will be assessed, by assessing if the sites fulfil the technical 

requirements (see 4.2.2 Requirements for production at another site)  
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If a site is considered to fulfil a requirement, it receives the status ‘Fulfilled’ for that requirement. If there 

are some uncertainties whether the site is fulfilling the requirement, or actions need to be taken before 

fulfilling it, it receives the status ‘Partly fulfilled’. If the site does not have suitable conditions to fulfil a 

requirement, it receives the status ‘Not fulfilled’. If a requirement is not related to site-specific conditions 

and not possible to adjust, the requirement is considered ‘Not applicable’. 

 

If all requirements for a method are fulfilled at a site or has the possibility to be fulfilled through further 

actions, then it is considered possible to obtain artificial snow through that method. Requirements that 

received the status of not applicable were not included in the assessment, since it is not possible to 

adjust. 

 

4.3.1 Fulfilment of requirements for production at the site 

Presented below are the results of the assessment of the technical requirements for production directly 

at the site. The results are divided to assess one requirement at a time, for both sites, and thereafter 

present the status. 

 

Equipment 

As of today, there is no equipment for a mobile installation available at Tveta Friluftsgård or 

Stadsparken. The requirement of equipment is therefore not fulfilled at Tveta Friluftsgård and 

Stadsparken. 

 

Outdoor temperature 

The requirement of outdoor temperature is not possible to affect or adjust by the choosing of sites in 

Södertälje municipality, since it is not related to site-specific conditions. The requirement is therefore 

not applicable for Tveta Friluftsgård and Stadsparken. 

 

Water 

Tveta Friluftsgård is located close to lake Måsnaren, which means that the site has good access to a water 

source. Stadsparken is located close to lake Mälaren, but it is also located in central Södertälje, which 

means that municipal water also can be accessed at the site, through nearby water hydrants. Tveta 

Friluftsgård therefore has access to suitable water from Måsnaren, and Stadsparken has access to 

suitable water from Mälaren and the municipal water net. However, even though both sites have physical 

access to water sources, it requires permission in order to extract water from lakes as well as from the 

water net, which might hinder the access. Since permission is required before extraction of water, but is 

possible to obtain, the requirement for water access is partly fulfilled at both Tveta Friluftsgård and 

Stadsparken. 

 

Lake water can be accessed at both Tveta Friluftsgård and Stadsparken and is considered suitable for 

producing snow. Stadsparken also has access to municipal water, which even though it has a less 

effective crystallisation, due to the clean water, is suitable as a water source. This means that both sites 

are fulfilling the requirement regarding water of good quality. The lake water that can be used at both 

sites has a temperature of approximately +2℃, which is suitable for producing snow. The municipal 

water that can be used at Stadsparken has a relatively high temperature, +7-12℃, but the temperature 

is still considered suitable for snow production. The requirement for water temperature is therefore 

fulfilled at both Tveta Friluftsgård and Stadsparken. 

 

Both lakes and the municipal water net are considered to be able to provide sufficient amounts of water 

for producing snow, due to the extent of them. The requirement of providing sufficient amounts of water 

is therefore fulfilled at both Tveta Friluftsgård and Stadsparken. 

 

Energy 

The electrical switchboard at Tveta Friluftsgård, which provides the outdoor lighting with electricity, is 

considered a suitable energy source at the site. However, permission might be needed before connecting 

the equipment to the electrical switchboard. Due to the uncertainty regarding permission for using the 

available energy source, the requirement for energy access is partly fulfilled at Tveta Friluftsgård. At 
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Stadsparken, since it is located centrally, and has streetlights situated at the site, it is considered that 

the site has access to energy sources. However, permission might be needed before connecting the 

equipment to any energy source. Due to the uncertainty regarding permission for using available energy 

sources, the requirement for energy access is partly fulfilled at Stadsparken.  

 

The electrical switchboard at Tveta Friluftsgård is considered to be able to provide sufficient energy for 

snow production, since it is already providing the outdoor lighting with electricity. At Stadsparken, it is 

considered that an available energy source is able to provide sufficient energy, since the site already has 

outdoor lighting. The requirement for energy amount is therefore fulfilled at Tveta Friluftsgård and 

Stadsparken. 

 

Ground 

The ground at Tveta Friluftsgård, consisting of low cut grass as well as a small patch of gravel, is 

considered suitable for snow production, as it is rather hard and smooth, and has the possibility of 

having ground frost. At Stadsparken the area has a low cut grass ground, which is suitable for snow 

production, since it is rather hard and smooth, and has the possibility of having ground frost. The 

requirement for ground is therefore fulfilled at both Tveta Friluftsgård and Stadsparken.  

 

Surroundings 

The area at Tveta Friluftsgård is open, which allows for the placement of equipment, and has no 

obstacles that will interrupt the snow blast. The picnic benches at the area are not considered as 

obstacles, as they are not stationary and can be removed from the site. The parking lot located close to 

the green area could experience some snow driftage, however, since it is located at a distance and there 

are trees creating some coverage, this is not considered a problem. The outdoor gym might also 

experience some snow driftage, however, this is considered as being able to be solved by placing the 

snow cannon on the other end of the area. It is considered as no risk for snow driftage to the houses, as 

they are located at a sufficient distance, shielded by trees. Since a forest separates the area from 

residential housings, there is also a very low risk for disturbance through noise pollution from the snow 

cannons. The requirement of suitable surroundings at Tveta Friluftsgård is therefore considered 

fulfilled.  

 

The area at Stadsparken is rather open, which allows for the placement of the equipment. There are 

several trees which might create obstacles for the snow blast, however, it is considered possible to 

position the cannon in a way that diminishes the risk. It is considered as a low risk for snow driftage, 

due to the openness of the area, as well as the coverage of the trees shielding the site. Due to the 

surrounding buildings and urban environment, there is, however, considered an elevated risk for noise 

pollution, which might create a disturbance for residents and people moving around and about close to 

the site. Due to the risk for noise disturbance, the requirement of suitable surroundings at Stadsparken 

is considered partly fulfilled.  

 

The results of the status of the requirements for each site are presented in Table 3. 

 
Table 3: Status of the fulfilment for the on-site requirement at Tveta Friluftsgård and Stadsparken 

Requirement Tveta Friluftsgård Stadsparken 

Equipment Not fulfilled Not fulfilled 

Outdoor temperature Not applicable Not applicable 

Water access Partly fulfilled Partly fulfilled 

Water quality Fulfilled Fulfilled 
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Water temperature Fulfilled Fulfilled 

Amount of water Fulfilled Fulfilled 

Energy access Partly fulfilled Partly fulfilled 

Amount of energy Fulfilled Fulfilled 

Ground Fulfilled Fulfilled 

Surroundings Fulfilled Partly fulfilled 

 

 

As seen in Table 3, of the ten technical requirements, six are fulfilled and two partly fulfilled at Tveta 

Friluftsgård, and for Stadsparken, five are fulfilled and three partly fulfilled. Both sites are not fulfilling 

the requirement of equipment and the requirement for outdoor temperature is not applicable. 

 

The requirements that are considered partly and not fulfilled, received the status due to uncertainties 

regarding the site or that a site currently is lacking something which is possible to obtain further on. 

These requirements are possible to fulfil, by taking necessary actions, such as obtaining equipment, 

receiving permissions for water and energy use, and making sure that noise pollution does not occur. 

Since the requirements can be fulfilled, it is considered possible to obtain artificial snow, at both Tveta 

Friluftsgård and Stadsparken, with this method. 

 

4.3.2 Fulfilment of requirements for production at another site 

Presented below are the results of the assessment of the technical requirements for production at 

another site.  

 

Accessibility  

Both Tveta Friluftsgård and Stadsparken are connected to surrounding roads, which allows for trucks 

and machines to travel to the site as well as access the site. The sites also provide space, due to the 

openness of the areas, to allow for machines to travel the sites. It is therefore considered possible to 

transport the snow to the sites and drop it off, and it is also possible for machines to move the snow at 

the sites. Since the sites allow for trucks and machines, it is considered possible to transport snow from 

another production location to the site. The technical requirement for production at another location is 

therefore fulfilled at both Tveta Friluftsgård and Stadsparken. 

 

The results of the status of the requirements for each site are presented in Table 4. 

 
Table 4: Status of the fulfilment for the off-site requirement at Tveta Friluftsgård and Stadsparken 

Requirement Tveta Friluftsgård Stadsparken 

Accessibility Fulfilled Fulfilled 

 

 

As seen in Table 4, the technical requirement is fulfilled at both sites, and it is therefore possible to 

obtain artificial snow, at both Tveta Friluftsgård and Stadsparken, with this method. 

 

4.3.3 Technical feasibility at Tveta Friluftsgård and Stadsparken 

The technical requirements relate to what is necessary in order to obtain artificial snow at a site, as snow 

is required in order to construct a Winter Activity Park. As presented above (4.3.1 Fulfilment of 
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requirements for production at the site and 4.3.2 Fulfilment of requirements for production at another 

site), both Tveta Friluftsgård and Stadsparken in Södertälje municipality have suitable conditions to 

fulfil the requirements for obtaining artificial snow by two methods. For the method of producing 

artificial snow directly at the site, Tveta Friluftsgård was found to have slightly better prerequisites to 

meet the requirements, however, this can be considered as a very small difference. For the method of 

obtaining snow by producing it at another site, both sites are considered equally suitable. However, for 

this method to be feasible, the production site will need to be taken into consideration. Since snow can 

be obtained at both sites, it is assessed as technically feasible to implement a Winter Activity Park at 

Tveta Friluftsgård and Stadsparken, by either producing snow directly on site or transporting it from 

another production site. 

 

4.4 Environmental Impact Assessment 

An Environmental Impact Assessment (EIA) is to be conducted for the two sites included in the study, 

Stadsparken and Tveta Friluftsgård. The EIA will give qualitative results regarding possible 

environmental impacts which may arise from the implementation of a Winter Activity Park. Included in 

the assessment are impacts arising from snow production at the site, the construction, as well as having 

the snow on the ground. The result can thereafter be used in order to conclude which site is a better 

option from an environmental viewpoint. 

 

As the EIA only includes impacts taking place within the boundaries of the sites, the method of obtaining 

snow by producing it at another location and transporting it to the site has not been included. As this 

method would take place outside the sites, not all possible impacts would be accounted for with the EIA. 

The assessment will therefore only consider impacts from production of snow directly at the site, 

including both the use of lake water and municipal water. Possible impacts arising from construction 

and having snow on the ground will, however, be the same regardless of method of obtaining snow. 

 

Presented below are first the alternatives included in the EIA, with their geographical delimitations. 

Secondly, the delimitation of environmental aspects is presented. Thirdly, the possible environmental 

consequences for the included aspects are presented. Included are if the consequences are considered 

positive or negative, and to what extent, as well as a short conclusion regarding which site is considered 

to receive the least negative consequences from implementing a Winter Activity Park. 

 

4.4.1 Alternatives 

The purpose of including alternatives is to be able to make the most strategic choice, as well as choose 

the alternative that avoids or lessens negative environmental impacts from the plan (Naturvårdsverket, 

2009). The plan for the assessment is the implementation of a Winter Activity Park with artificial snow, 

and the alternatives included are the sites for the implementations. It is considered that both alternatives 

will include the same implementation, meaning the same construction and the same amount of artificial 

snow. 

 

Alternative A means that a Winter Activity Park is implemented at Tveta Friluftsgård. The geographical 

delimitation of alternative A is the same as included for the field study, see 4.1.1 Observations from 

Tveta Friluftsgård. Since transportations will be required to transport equipment and operators to the 

site, and water is required for the production of snow, the close-by roads as well as lake Måsnaren have 

also been considered in the EIA. 

 

Alternative B means that the plan of a Winter Activity Park is implemented at Stadsparken. The 

geographical delimitation of alternative B is the same as included for the field study, see 4.1.2 

Observations from Stadsparken. Since transportations will be required to transport equipment and 

operators to the site, and water is required for the production of snow, the close-by roads as well as lake 

Mälaren have also been considered in the EIA.  
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4.4.2 Environmental aspects  

Mentioned in the Swedish environmental law (6 kap.  2§), environmental impacts refer to effects, 

positive or negative, that can affect various aspects in the environment (Riksdagen, n.d). There are 

several environmental aspects that can be considered in an EIA, depending on what type of 

consequences the planned project is considered to lead to.  

 

Since there are no set environmental aspects that should be included in an EIA, first, possible 

environmental aspects have to be examined, before determining which to include in the study. In order 

to determine environmental aspects to include in the study, several aspects have been compiled using 

the Swedish environmental law, as well as previously performed EIA’s (conducted for projects or plans 

in Sweden) as inspiration (Riksdagen, n.d; Örndalen, 2015; Sweco, 2016; Henric Erntson Konsult, 

2017). The manual by Naturvårdsverket has also been used as a means to determine possible 

environmental aspects (Naturvårdsverket, 2009).  

 

From the examined sources, several possible environmental aspects were compiled, such as: National 

interest, Landscape, Culture, Ground, Water, Air, Plants, Animals, Tourism and Recreation, Human 

health, Traffic and Infrastructure, Buildings and Climate. From the compiled aspects, a consideration 

was made in order to determine which of these held a potential to be affected from a Winter Activity 

Park. If it were considered that the plan could have an effect in regard to the aspect, the aspect was 

included. The aspects that were considered insignificantly or not affected, were excluded. 

 

Presented below are the possible environmental aspects that could be included in an EIA, with a short 

motivation to whether they will be included in the EIA or not. The summary of the aspects and 

motivation can be seen in Table 5. 

 

National interest 

The locations of both alternatives do not hold a national interest. Lake Mälaren, which is located close 

to Stadsparken, is of national interest (Riksdagen, n.d), however, since the implementation of a Winter 

Activity Park would take place at considerable distance, it is considered that the alternative will not affect 

the national interest of the lake. National interest is therefore not included. 

 

Landscape 

Both alternatives are open and visibly located, the construction of a Winter Activity Park might impact 

the visual impression. Landscape is therefore included. 

 

Culture 

An ancient remains is registered near the location of alternative A (Länsstyrelserna, n.d; Fornsök, 2018), 

however, it is not at the actual site, and therefore not considered to be in any way affected by 

implementing a Winter Activity Park. There is an area next to the location for alternative B, marked as 

an area of ancient remains (Länsstyrelserna, n.d; Fornsök, 2019), however, this area does not coincide 

with alternative B. There are no other ancient remains or culture objects registered at the locations of 

the alternatives. Culture is therefore not included. 

 

Ground 

Since the design of a Winter Activity Park can vary, the consequences of the plan on the ground aspect 

may vary as well. Provided there are no permanent constructions needed for the implementation of a 

Winter Activity Park, the ground is considered unaltered and unaffected by the plan, since laying 

artificial snow on the ground would not require any groundwork or damage to the ground. Ground is 

therefore not included in this assessment. If the Winter Activity Park would include permanent 

constructions that require groundwork, this aspect would need to be reassessed. 

 

Water 

Snow production requires water, extracted from a lake or a water net (Pers. com. Lättman, 2020; Pers. 

com. Häggkvist, 2020, Pers. com. Skoglund, 2020). The usage of artificial snow will also lead to an 

increase of stormwater during melting of snow. Water is therefore included. 
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Air 

Implementation of a Winter Activity Park will lead to added traffic and machine use, with added 

emissions released to the air. Air is therefore included. 

 

Vegetation 

Artificial snow has a slower melting rate than natural snow (Pers. com. Häggkvist, 2020), which leads 

to the snow covering the ground for a longer while, which may hinder the growth of plants. Vegetation 

is therefore included. 

 

Animals 

The animal aspect needs further investigation in order to determine whether it should be included. 

Inventory regarding what animals are occurring at each location needs to be made. Animals are 

therefore not included. 

 

Tourism and Recreation 

Both alternatives are today well-visited sites, with alternative A being a recreation area and alternative 

B a centrally located park. Implementation of a Winter Activity Park might impact how people are 

visiting. Tourism and Recreation is therefore included 

 

Human health  

Added traffic and machine use for the implementation of a Winter Activity Park could lead to increased 

noise levels as well as emissions. Implementing a Winter Activity Park might also lead to increased 

recreation opportunities for visitors. Human health is therefore included. 

 

Traffic and Infrastructure 

An increased need for transportations to the locations might occur when implementing a Winter Activity 

Park. Traffic and Infrastructure is therefore included. 

 

Buildings 

Neither of the alternatives have buildings within the geographical location, and an implementation of a 

Winter Activity Park is not considered to affect the buildings located outside, due to the distance. 

Buildings have therefore not been included. 

 

Climate 

Snow production requires energy to drive the pump and snow cannon, as well as for extractions from 

the water net (Pers. com. Skoglund, 2020), and the construction of a Winter Activity Park will require 

vehicles to transport the equipment, which will exhaust emissions. Climate is therefore included.  

 
Table 5: Environmental aspects considered for the EIA 

Environmental aspect Included 
(Y/N) 

Motivation 

National interests No The alternatives are not of national interest. Lake 
Mälaren is of national interest, however, is considered 

not affected. 

Landscape Yes A Winter Activity Park may alter the visual impression. 

Culture No No registered ancient remains or other culture objects at 
the sites. 

Ground No Artificial snow laid on the ground is considered to not 
affect the ground. A permanent Winter Activity Park 

construction needs further investigation. 
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Water Yes Extraction of water and increase of stormwater. 

Air Yes Added traffic and machine use. 

Plants Yes Artificial snow has delayed melting on the ground. 

Animals No Requires a further investigation for what animals are 
present at the sites. 

Tourism and Recreation Yes Well-visited sites, more options for visitors. 

Human health Yes Added noise and air pollution. Increased recreation 
opportunities. 

Traffic and Infrastructure Yes Increased traffic during the construction phase. 

Buildings No The sites are not in direct connection with buildings. 

Climate Yes The equipment and extraction from water net require 
energy. Added use of vehicles. 

 

4.4.3 Environmental consequences 

The environmental aspects that have been considered to be affected by the plan of a Winter Activity Park 

have been further assessed, in order to see what possible consequences may arise. For each aspect, the 

possible consequences for each alternative are presented, as well as to what extent the consequences are 

considered positive or negative. 

 

A summary of the consequences for each aspect can be found in Table 6. 

 

Landscape 

For alternative A and alternative B, the visual impression of the locations will be altered, since the plan 

requires an addition of snow, constructed in a certain manner. Since both alternatives would lead to an 

alteration of the current landscape, it can be considered as having negative consequences on the 

landscape, as the alteration would be visible. However, this does not mean that the aesthetic impression 

would result in any negative consequences. For alternative A, the location is a partly open area which 

means that an alteration of the landscape is noticeable. However, since the alteration is limited to a 

rather small area, and it is shielded by the forest and trees, the alteration of landscape will not be that 

conspicuous from a further distance. For alternative B, the alteration of the visual impression can be 

considered more affected. The plan will be implemented in a centrally located park, and the area is very 

visible, both from the adjacent walkway as well from outside the area, which means that an alteration 

will be visible from a further distance. Alternative A is considered to have small negative consequences 

in regard to the landscape aspect, as it is partly shielded, and alternative B medium negative 

consequences, as it is more open. 

 

Water 

The plan may have some effect on the hydrological cycle, as it requires extraction of water in order to 

produce the snow. A large amount of water can be needed at the same occasion (De Jong, 2011), which 

might have an impact on the water level of the water source. However, when the snow melts again, it is 

considered that it will return to the water body it was collected from (SLAO, n.d), and it is therefore 

considered that the extraction will not lead to negative consequences by either alternative. The plan will 

lead to an increased amount of stormwater due to melting of the snow. Snow that lays on the ground 

will be contaminated by time, from emissions and pollution from traffic and vehicles (Naturvårdsverket, 

2004; HaV, 2017). When the snow melts, this contamination may join the stormwater and find its way 

to a recipient, which means that stormwater from artificial snow melt may lead to an added pollution of 

water sources. 
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Alternative A is located rather secluded, with not much traffic or residential housing in the near distance, 

which means that the snow will likely not be highly contaminated. However, there might be an increased 

risk for particles and pollutants to be transported by the added stormwater to a nearby water recipient. 

Alternative A is therefore considered to have small negative consequences in regard to the water aspect. 

For alternative B, the traffic levels are assumed to be higher, due to the central location with surrounding 

roads and buildings. It is considered that there will be a higher contamination of the snow and thereby 

the stormwater (Naturvårdsverket, 2004; HaV, 2017), which can find its way to a water recipient. 

Alternative B is therefore considered to have medium negative consequences in regard to the water 

aspect. 

 

Air 

Both alternative A and alternative B will during the construction phase require a somewhat increased 

level of traffic, in order to transport the equipment and operators to the sites. This in turn will lead to an 

increased level of particles entering the air, such as exhaust emissions, road dust, and particles from the 

wear of tires and roads , which can travel far and lead to several environmental as well as health issues 

(Naturvårdsverket, 2019). However, it is not likely that the construction will lead to a large increase of 

traffic, since the plan does not include a large area. Alternative A and alternative B are therefore 

considered to have small negative consequences in regard to the air aspect. 

 

Vegetation 

Alternative A and alternative B may impact the vegetation. Since artificial snow has a slower melt rate 

than natural snow, there might be an effect on the vegetation underneath, as the vegetation growth 

might be delayed. (Rixen et al., 2003; Rixen et al., 2004; De Jong, 2011) This means that artificial snow 

covering the ground may hinder the natural biological cycle of vegetations. When natural snow 

otherwise would have melted away, plants will instead be delayed from sprouting during the spring. 

However, since the alternatives do not include particularly large areas, it is not considered that 

vegetation will take much harm. A further investigation should be performed in order to ensure that no 

protected plant will be particularly harmed. Alternative A and alternative B is therefore considered to 

have small negative consequences in regard to the vegetation aspect. 

 

Tourism and Recreation 

Alternative A will provide visitors with added recreation value at the site, as well as more options for 

activities, which will create incentive for visitors to visit. The alternative is considered to lead to positive 

consequences, however, since the location for alternative A (Tveta Friluftsgård) already is a well-visited 

recreation area, it is considered that the plan would not lead to major positive consequences. Alternative 

A is therefore considered to have medium positive consequences in regard to the tourism and recreation 

aspect. Alternative B will create a whole new usage of its location, by providing activities for physical 

activity, which is considered to attract many new visitors and create recreation options in a central 

setting. It is considered that alternative B will have a large effect on visitation due to the increase of 

activities. Alternative B is therefore considered to have large positive consequences in regard to the 

tourism and recreation aspect. 

 

Human health 

Alternative A and alternative B are considered to contribute to the same impact in regard to human 

health. Both alternatives will lead to increased emissions released to the air, from the added traffic 

required during the construction phase. The emissions being released from traffic, from exhaustion and 

wear from tires and roads, can have a harmful effect on human health (Naturvårdsverket, 2019). 

However, not much traffic is considered needed, since the construction will take place in relatively small 

areas, it is considered that the emissions will only be slightly elevated at the sites, and the negative 

consequences in regard to air pollution are considered as small. 

 

The construction phase will also lead to noise pollution, from traffic and the snow cannon, for both 

alternatives. The location for alternative A is rather secluded, with no nearby residential housings, but 

with many visitors visiting the area. There is a risk that visitors will be disturbed by noise, however, it is 

considered unlikely to have a major impact. Alternative B is located centrally, and as previously 
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mentioned, it is possible that noise pollution may occur, which can disturb people visiting or passing 

through the park, as well as people residing nearby. The negative consequences are therefore considered 

as small for alternative A and medium for alternative B, in regard to noise pollution. 

 

Positive impacts on human health arise from the additional options for physical activity by both 

alternatives. Alternative A and alternative B will provide additional options for its visitors to perform 

physical activity in an easy manner, which in turn will have a great positive impact on human health. It 

is therefore considered that alternative A and alternative B will have large positive consequences in 

regard to the aspect of human health from physical activity. 

 

Traffic and Infrastructure 

Both alternative A and alternative B will lead to an increased amount of traffic during the construction 

phase, in order to transport the equipment and operators to and from the sites. The traffic will in turn 

lead to more emissions and noise as well as more usage of the nearby roads. However, since the plan is 

limited to a relatively small area, and the construction phase is relatively short, the negative 

consequences from both alternatives are considered as small in regard to traffic and infrastructure. 

 

Climate 

Alternative A and alternative B are considered to lead to similar impacts in regard to the climate. Both 

alternatives will lead to added exhaustion emissions from vehicles during the construction, which if 

using fossil based fuel, will have a negative impact on the climate (Leggett and Ball, 2012) by the release 

of GHG. Also, the plan requires energy, in order to run the equipment (Pers. com. Skoglund, 2020), 

which if produced with fossil based means, will have a negative impact on the climate. If using municipal 

water as a water source, a higher energy amount will be required, since municipal water needs to be 

distributed through the water net. This in turn is likely to have a larger negative impact on the climate 

than using lake water. However, since the plan is limited to a relatively small area, and the construction 

phase is relatively short, the added traffic and energy use are considered to contribute to only a slight 

elevated amount of GHG emissions. Alternative A and alternative B are therefore considered to have 

small negative consequences in regard to the climate aspect. 
 

Legend 

Small negative 
consequences 

Medium negative 
consequences 

Large negative 
consequences 

Small positive 
consequences 

Medium positive 
consequences 

Large positive 
consequences 

 
Table 6: The environmental consequences by each alternative in regard to the environmental aspects 

Environmental aspects Alternative A 
(Tveta Friluftsgård): 

Possible consequences 

Alternative B 
(Stadsparken): 

Possible consequences 

Landscape 
(Visible alterations) 

  

Water 
(Pollutants from stormwater to 

recipient) 

  

Air 
(Added air pollution) 

  

Vegetation 
(Delayed sprouting) 

  

Tourism and Recreation 
(More visitors due to more activities) 
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Human health 
(Pollution from traffic) 

 
 

(Noise pollution) 
 
 

(More options for physical activity) 

  

  

  

Traffic and Infrastructure 
(Added traffic and road usage) 

  

Climate 
(Emissions of GHG) 

  

 

 

As seen in Table 6, both alternatives have the possibility of leading to both positive and negative 

consequences. The alternatives differ in negative consequences for three of the environmental aspects, 

where Alternative A was considered to generate small negative consequences and for Alternative B it 

was instead considered as medium negative. For one of the environmental aspects, Alternative B is 

considered to lead to consequences with larger positive impact, compared to alternative A. However, 

according to Naturvårdsverket (2009), negative and positive consequences are not meant to be weighed 

against each other but should be considered separately.  

 

Alternative A, meaning implementing a Winter Activity Park at Tveta Friluftsgård, is considered as likely 

to result in smaller negative environmental consequence, compared to Stadsparken. It can therefore be 

considered as preferable to choose Tveta Friluftsgård, from an environmental viewpoint 

 

4.5 Carbon footprint  

Carbon footprint calculations are to be carried out in order to determine the environmental impacts 

from the alternative ways for obtaining artificial snow. The results can thereafter be used in order to 

conclude which alternative is favourable from an environmental viewpoint, in terms of least contribution 

to climate change. 

 

According to the ISO 14067 standard, the steps included for calculation of carbon footprint are: Goal, 

Scope, Life Cycle Inventory, Life Cycle Impact Assessment, and Interpretation of the carbon footprint. 

Presented below are the steps included in the standard. However, as detailed data is lacking regarding 

each individual emission generated from the processes, the LCI step has been modified in order to be 

applied in the present study (see 2.5 Carbon footprint).  

 

4.5.1 Goal 

For this study, the carbon footprint is applied for a Winter Activity Park, which relates to obtaining 

artificial snow. As previously mentioned, artificial snow can be obtained through different methods, 

either by production directly on site of the Winter Activity Park or by production at another location and 

thereafter transporting the snow to the site of the Winter Activity Park. Each method can additionally 

be carried out by either using lake water or municipal water. 

  

This creates four alternatives:  

1. Alternative 1: Production directly on site, using lake water. 

2. Alternative 2: Production directly on site, using municipal water. 

3. Alternative 3: Production at another site and transportation to the Winter Activity Park site, using 

lake water. 

4. Alternative 4: Production at another site and transportation to the Winter Activity Park site, using 

municipal water. 
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The aim of the carbon footprint is to determine which alternative is considered to have the least 

contribution to climate change. The results can be used in order to choose the most favourable 

alternative, in terms of least impact on the environment. 

 

4.5.2 Scope 

The scope of the study includes the functional unit, the system boundaries, the cut-off criteria, and the 

assumptions made. Since comparisons will be made between the alternative, the scope for all 

alternatives is identical. 

  

Functional unit 

The functional unit for the study is the establishment of one Winter Activity Park for one year, referring 

to the snow required for the construction. This is to be used as a reference unit for the inputs and outputs 

for the carbon footprint (SIS, 2018).  

  

System boundary 

The system boundaries indicate what has been included for the study and what is expected to contribute 

to the carbon footprint (SIS, 2018). The geographical boundary is set to Södertälje municipality, 

however, no specific site is chosen, instead an arbitrary site has been included for calculations, based on 

estimations. The life stages, cradle-to-grave, include production, use phase and end of life. The 

production relates to the production of artificial snow, the use phase to the snow being on the ground 

and the end phase is the snowmelt. The use phase and the end phase do not generate emissions, 

therefore, only the production phase will contribute to the carbon footprint. 

  

The processes included in the study are the energy process for running the equipment (snow cannon 

and pump-/s), the energy process for supplying water from the municipal water net, as well as the 

transport process, for transporting artificial snow from the production site to the site for the Winter 

Activity Park with a truck. All alternatives will include the energy process for the equipment. Alternative 

2 and 4 will also include the energy process for the municipal water, and alternative 3 and 4 will include 

the transport process as well. 

  

Cut-off criteria 

Excluded from the carbon footprint study is the impact from the production of the equipment, such as 

the snow cannon, the tubes, and the pump-s. As the equipment will be the same for all alternatives, the 

ratio between the carbon footprint for the alternatives will remain the same, and still be able to give an 

accurate view of the alternative with the least environmental impact. 

  

Assumptions 

All alternatives will have equal production phases, with an equal effective production rate. The size of 

one Winter Activity Park, meaning the snow volume needed to establish it and the area of the site, has 

been assumed based on estimations. Another assumption made is the distance a truck will have to 

transport one load of snow from the production site to the site of the Winter Activity Park. It is also 

assumed that the construction of the Winter Activity Park will only consist of laying snow on the ground, 

and no preparation or forming of the snow is required. 

 

4.5.3 Life Cycle Inventory  

The Life Cycle Inventory (LCI) is the step where the inputs and outputs for the processes are quantified 

and compiled. Data has been gathered through collection, estimations, and calculations, in order to 

determine the contribution from each process to the carbon footprint. Not all collected data and 

calculations have been presented below, instead, only the most relevant data and relevant results from 

calculations have been presented. The complete data collection can instead be found in Appendix A, and 

for results presented, where calculations have been made, a reference to the appendix with the 

calculations is stated. 
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In order to determine the inputs and outputs, the reference flow first needs to be determined, as the 

inputs and outputs will be quantified based according to this. The reference flow is linked to the 

functional unit and indicates the volume of artificial snow that needs to be produced to establish one 

Winter Activity Park. As production at another location will create a loss of snow of approximately 10%, 

due to the contamination of snow from the ground (Pers. com. Skoglund, 2020), alternative 3 and 4 will 

require 10% more snow to be produced. 

 

The reference flow, for alternative 1 and 2, is 137.5 m3 of artificial snow, and for alternative 3 and 4, 151.1 

m3 of artificial snow. (see Appendix B for calculations) Based on the reference flow, the inputs can be 

decided. The inputs for the energy processes is the amount of energy (kWh) used for the establishment 

of one Winter Activity Park. The input for the transportation process is the required distance (km) a 

truck needs to travel for the establishment of one Winter Activity Park. 

 

The inputs are presented in Table 7. The calculations for the inputs are presented in Appendix C-E. 

 
Table 7: Inventory data of inputs for the processes for the alternatives 

Input for processes Alternative 1 Alternative 2 Alternative 3 Alternative 4 

Energy for equipment 412.5 kWh 412.5 kWh 453.9 kWh 453.9 kWh 

Energy for supplying water 
from municipal water net 

- 88.0 kWh - 96.8 kWh 

Transportation distance 
with truck 

- - 55.2 km 55.2 km 

 

The outputs of the processes are the contribution to climate change and are determined by multiplying 

the inputs with the emission factor for each process. An emission factor is used to quantify the climate 

change contribution from a process (Cheremisinoff, 2011), in terms of the amount of CO2-eq generated. 

 

Emission factor for energy was determined according to the Energy and Climate Advisory 

(Energirådgivningen) (2018), who are funded by the Swedish Energy Agency, as well as the trade 

organisation Energy cooperation (Energiföretagen) (2019), who state that the average emission factor 

for Swedish electricity mix is 13*10-3 kg CO2-eq/kWh. Since it was not possible to find a specific emission 

rate for the electricity used in Södertälje municipality, this was considered appropriate. 

  

For the emission factor for transportation, data regarding climate change impact from a truck was 

collected from the EcoInvent database (Wernet et al., 2016). The emission factor could thereby be 

determined to 1.2 kg CO2-eq/km (see Appendix F for calculation). With the inputs for the processes, 

and the emission factors, the outputs from each process, expressed in kg CO2-eq, could be determined. 

The outputs are presented in Table 8. The calculations of the outputs are presented in Appendix G-I. 
 

Table 8: Inventory data of outputs for the processes for the alternatives 

Output for processes Alternative 1 Alternative 2 Alternative 3 Alternative 4 

Output from energy for 
equipment 

5.4 kg CO2-eq 5.4 kg CO2-eq 5.9 kg CO2-eq 5.9 kg CO2-eq 

Output from energy for 
municipal water net 

- 1.1 kg CO2-eq - 1.3 kg CO2-eq 

Output from 
transportation with truck 

- - 66.2 kg CO2-eq 66.2 kg CO2-eq 
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4.5.4 Life Cycle Impact assessment 

In the Life Cycle Impact assessment (LCIA) step, the carbon footprint for each alternative can be 

determined, based on the outputs (Table 8).  

  

The carbon footprint for alternative 1 is the energy output for the equipment, which is 5.4 kg CO2-eq. 

  

The carbon footprint for alternative 2 is the sum of the energy output from the equipment and the energy 

output from using municipal water, which is 6.5 kg CO2-eq. 

  

The carbon footprint for alternative 3 is the sum of the energy output for the equipment and the 

transportation output, which is 72.1 kg CO2-eq. 

  

The carbon footprint for alternative 4 is the sum of the energy output from the equipment, the energy 

output for using municipal water, and the transportation output, which is 73.4 kg CO2-eq. 

  

The carbon footprint for each alternative is presented in Table 9. 

 
Table 9: Carbon footprint for the alternatives 

Alternative Carbon footprint [kg CO2-eq] 

1 5.4 

2 6.5 

3 72.1 

4 73.4 

 

4.5.5 Interpretation of carbon footprint 

Based on the LCIA, it is clear that alternative 1 will have the smallest carbon footprint, meaning it 

contributes the least to climate change through generation of emissions. Alternative 4 was found to have 

the largest carbon footprint and thereby the largest contribution to climate change of all the alternatives. 

Alternative 4 is therefore considered the least favourable option from an environmental viewpoint. 

Alternative 1 is considered the best option for the construction of a Winter Activity Park, meaning that 

artificial snow should be obtained by producing it directly at the site and using lake water. 

 

5.  Discussion 

This chapter presents the discussion of the study. Firstly, the results are discussed, which includes how 

the results might be interpreted and used for decision-making, and how the feasibility of a Winter 

Activity Park can be considered. Secondly, the uncertainties of the study are presented and discussed. 

Lastly, it is discussed what should be included as future work, to further develop the knowledge and 

understanding regarding the feasibility and sustainability of a Winter Activity Park. 

 

5.1 Results 

Presented below are discussions regarding the results. 

 

5.1.1 Fulfilment of technical requirements 

The technical assessment in the study was carried out in order to determine how a location could be 

considered suitable for a Winter Activity Park, in terms of technical feasibility of obtaining artificial 

snow. According to the results in this study, neither site is currently fulfilling all the requirements, due 

to uncertainties and lack of equipment. However, these requirements are believed to be fulfilled with 

future actions, by purchasing equipment, receiving permission for water extraction and energy usage, 

and ensuring that the noise level will not reach harmful levels. It is therefore considered that both Tveta 
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Friluftsgård and Stadsparken do have the technical conditions that makes it feasible to implement a 

Winter Activity Park. 

 

Even though the assessment included two sites that varied in geographical location as well as in 

configuration, the results did only vary slightly between them. The only aspect that differed was an 

uncertainty regarding the noise aspect. However, as the requirement was still assessed as partly fulfilled 

for Stadsparken, in comparison to fulfilled at Tveta Friluftsgård, the difference between the sites is very 

small, almost insignificant. Also, as both sites are considered as being equally able to fulfil all the 

requirements, even though varying in location and configuration, it suggests that the technical feasibility 

of a Winter Activity Park is not that complicated. Instead, it seems rather likely that technical feasibility 

can be achieved at many various sites, regardless of where they are situated or their current design.  

 

A site will, of course, still have to fulfil the prerequisites, however, based on the results from the 

feasibility assessment, this seems to be solvable for most sites. Even though not included in this study, 

it is believed that access to water and electricity almost always can be solved at a site, which enables 

snow production. Also, producing snow at another location, and transporting it to the site of a Winter 

Activity Park, only requires very little of a site, in terms of technical feasibility. It can therefore be 

considered that it is highly likely to be able to solve the technical requirements for the implementation 

of a Winter Activity Park, regardless of location. 

 

5.1.2 EIA 

As the feasibility assessment only gave a slight difference between the two sites, the results from the EIA 

can instead be used to see which site is the favourable choice for a Winter Activity Park, from an 

environmental viewpoint. The EIA generated a more significant difference between the two sites, in 

terms of possible environmental consequences. Based on the results from the EIA, a Winter Activity 

Park at Stadsparken is likely to generate larger negative consequences than if the Winter Activity Park 

were implemented at Tveta Friluftsgård. However, the difference is still not striking, even if it gives a 

clear overview of which environmental aspects that will differ between the sites.  

 

This could be due to the qualitative nature of the assessment. The qualitative results enable the 

possibility to include various environmental consequences which may occur, even without knowing the 

quantity of a consequence. This in turn provides a broad overview of what choosing one site over the 

other could lead to. However, the qualitative results can also be a drawback, as it only indicates where 

on a scale from small to large the consequence is considered to be. The results do not provide how much 

better or worse choosing one site would be in quantified terms, which would have made a comparison 

between the sites more comprehensive. The qualitative results can still be used in order to see which site 

is most likely to receive negative consequences from a Winter Activity Park and based on that one of the 

sites can be suggested over the other.  

 

5.1.3 Carbon footprint 

Whereas the results from the feasibility assessment and the EIA are qualitative, the carbon footprints 

for the alternative ways of obtaining snow are quantified. By quantifying the environmental impact, the 

distinction between the possible alternatives are much clearer. This in turn simplifies the conclusion 

regarding which alternative that is favourable from an environmental viewpoint. The results from the 

carbon footprint calculations clearly states that producing snow at another site and thereafter 

transporting it to the site of the Winter Activity Park, would have the largest contribution to climate 

change. The large impact is due to the required transportation, which was shown to have a major impact 

in comparison with not having transportation.  

 

Production at another site would have to be exceedingly more effective in order to weigh up for the 

contribution from transportation, which can be considered as rather unlikely. However, if a Winter 

Activity Park would have great social benefits by being implemented at a site, but it is not technically 

feasible to produce the snow directly, the alternatives of producing snow at another location might still 

be considered as suitable. The benefits of the Winter Activity Park, in terms of public health, would then 
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have to be weighed against the negative impact it will have on the environment, in order to conclude 

whether it still can be considered worthwhile. 

 

5.1.4 Choice of site 

When it comes to choosing one of the sites over the other, it is clear that based on technical feasibility, 

both sites can be considered as equally appropriate. If the site is to be chosen from an environmental 

point of view, then Tveta Friluftsgård could be considered the more appropriate choice. However, it 

should be mentioned that Stadsparken is likely to receive larger positive consequences from a Winter 

Activity Park, in regard to tourism and recreation. This aspect should also be considered when making 

a decision of the site. Stadsparken do not currently provide options for physical activity, more than being 

a meeting place, whereas Tveta Friluftsgård provides physical activities during the entire year. Tveta 

Friluftsgård already has numerous visitors that visit the site solely to perform physical activity, in the 

outdoor gym and in the tracks. A Winter Activity Park in Stadsparken could have more social benefits 

than at Tveta Friluftsgård, as it could attract people in the nearby area to visit and perform physical 

activity in a way that is not currently possible at Stadsparken.  

 

Södertälje municipality wants the Winter Activity Park to be a location where people from various 

backgrounds can gather and be able to perform the level of physical activity that they feel comfortable 

with. The municipality also wants the site of the Winter Activity Park to be visited by entire families, and 

not only specific groups, in order to bring people together as well as prevent vandalism and increase the 

feeling of safety. Implementing a Winter Activity Park at Tveta Friluftsgård could create a place where 

many people would come together, since it is already a well-visited site. People who perform physical 

activity on a regular basis at Tveta Friluftsgård will continue to visit, and those who do not usually visit 

the site might be attracted by the Winter Activity Park. This in turn will create a mix of people, between 

those who often perform physical activity and those who do not, and hopefully lead to a higher level of 

physical activity for both groups. Since Tveta Friluftsgård already is a frequently visited site, with 

outdoor lighting, it already provides a safe setting, with many people visiting the site and few 

occurrences of vandalism. 

 

Implementing a Winter Activity Park at Stadsparken would on the other hand provide a location for 

physical activity, that is easy to reach and in close proximity to the city core. The park is located in central 

Södertälje, right next to a bus street as well as the commuter train station, which means that many people 

are passing by each day. This simplifies for visitors to pass by and perform physical activity, without 

having to travel the distance to Tveta Friluftsgård. Since the site is open in its formation and located 

close to where people are constantly passing by, as well as being well-lit, it can be considered that it will 

provide a safe setting, where everyone feels safe to visit. 

 

Which site that should be chosen for a Winter Activity Park, depends on what the municipality sees as 

more beneficial. If the aim with a Winter Activity Park is to provide physical activity options in a more 

central setting, then it can be considered more beneficial to implement a Winter Activity Park in 

Stadsparken, even though it is possible that it will result in larger environmental impacts. If the Winter 

Activity Park is to be an additional option at an already existing physical activity facility, or if it should 

have as small environmental impact as possible, then Tveta Friluftsgård would be the better choice. 

 

5.2 Uncertainties 

A certain degree of uncertainties might be due to the data collection regarding the technical 

requirements for obtaining artificial snow. There are few previous studies that cover the specific 

technical aspect for what is required in order to produce snow, especially that also quantifies the 

required resources. Due to the lack of theoretical quantifications, data regarding the technical aspects 

has therefore mainly been collected from experts within the field, who have worked with and have great 

knowledge of production of artificial snow. However, since data is based on personal experiences and 

knowledge, based on what has worked for them in the past, it means that one expert might have another 

opinion regarding requirements, compared to another. This creates a certain amount of uncertainty 
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regarding the exact quantifications for the technical requirements. This has tried to be avoided as far as 

possible in the study, by creating a span for the requirement, that acknowledges all the data. 

 

Uncertainties can also be found in the EIA, due to the qualitative nature of the results. The EIA has been 

based on existing information, and no in-depth site-specific investigations have been carried out. Since 

it is not specified how large the Winter Activity Park will be or how much snow will be used, the 

assessment has been carried out to include as many possible consequences as possible, generating highly 

qualitative results. This creates a certain degree of uncertainty, as in reality, it is not certain that the 

environmental aspects included in the present study might actually be affected. 

 

The carbon footprint has generated quantitative results, however, a large amount of the data included 

in the calculations has been based on estimations and assumptions, which may also result in 

uncertainties. Since the data is not specifically adjusted for Södertälje municipality, the results from the 

carbon footprint might not give a completely accurate view of the impact from the implementation of a 

Winter Activity Park there. However, the carbon footprint was carried out in order to compare the 

different options for obtaining artificial snow, and all alternatives have been calculated based on the 

same estimates and assumptions. It is therefore believed that the results still represent an accurate 

relationship between the alternative, in regard to which alternative will have the largest contribution to 

climate change. 

 

Another source of uncertainty to be discussed is the arbitrariness of the Winter Activity Park. The study 

has not decided on a specific design or size for a Winter Activity Park to be assessed, but instead 

considered Winter Activity Park in an arbitrary manner, without a set size or design for the park. By not 

including a fixed design, the study is not limited to provide results for only that design, instead the 

results from the study can be applied for various designs or sites. However, this also generates qualitative 

results. As the results are qualitative, it is not stated how large or small a Winter Activity Park can be 

and still be technically feasible at the specific sites included in the present study. It is reasonable to 

believe that the size and design of a Winter Activity Park will affect the feasibility, as it might only be 

feasible to implement a certain size, due to water or electricity restrictions or due to lack of space.  

 

One major aspect for uncertainty which can impact or alter the conclusions in this study, is that only 

technical and environmental aspects have been included when assessing the feasibility of a Winter 

Activity Park in Södertälje municipality. As this study has been carried out as an initial step in order to 

determine how and if a Winter Activity Park can be implemented, in regard to the technical 

requirements, as well as an overview of its possible environmental impact, economic and social aspects 

have been excluded. From an economic point of view, it might not be feasible with a Winter Activity 

Park, if the costs are too large. The economic feasibility might also determine to what extent a Winter 

Activity Park can be implemented, its size and what it can comprise in terms of constructions and 

activities.  

 

The social aspects relate to the design of the Winter Activity Park and what is required in order for people 

to find the park attractive. Even if it is technically feasible to implement a Winter Activity Park, it does 

not necessarily mean that people will visit. If the Winter Activity Park is perceived as impractical or is 

located in an unattractive location people are not likely to visit. The social feasibility therefore plays a 

large role, as the purpose of a Winter Activity Park is that people will visit the site in order to perform 

physical activity. If the social aspects are excluded when making decisions regarding a Winter Activity 

Park, it could result in people not visiting and thereby the purpose of the park is lost. As the social and 

economic aspects are likely to impact the feasibility, they should be investigated and included in the 

feasibility assessment in order to create a comprehensive understanding of what is necessary for the 

implementation of a Winter Activity Park. 

 

5.3 Future work 

This study can be used as a foundation for municipalities, or other organisations, that are considering 

implementing a Winter Activity Park, in order to promote physical activity. The results generated 

through the study can act as guidelines for what is feasible, in terms of technical aspects, as well as how 
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to consider the possible environmental aspects. Based on the study, a municipality can make an initial 

assessment whether it is feasible to implement a Winter Activity Park in the area, however, continuous 

work is required in order to determine the feasibility and sustainability of a Winter Activity Park.  

 

For future studies, it is believed that a more detailed environmental assessment should be carried out. 

This study has based the possible environmental impacts on estimates and assumptions, in order to 

cover all possible impacts, however, a more detailed study might be able to specify which impacts are 

the most likely to occur, as well as the magnitude of the impact. A future study should therefore also aim 

to quantify impacts in relation to a Winter Activity Park, to be able to, in an easier manner, compare 

alternatives against each other. A Life Cycle Assessment (LCA) could be performed as future work. An 

LCA will quantify all flows from a Winter Activity Park and include measured environmental impacts 

from the entire life cycle (Finnveden et al., 2009), in order to determine the total environmental impact. 

 

Further work could also add additional aspects to the current study, in order to cover what this study 

has not included. This is, for example, the option of including a permanent installation for snow 

production, as this study has only included mobile installations. Future work could assess whether it 

would be more favourable to invest in a permanent installation if a Winter Activity Park is to be 

constructed at the same location for a long period of time. It could also be considered to investigate other 

options for obtaining artificial snow. It could be assessed whether it is possible to, instead of producing 

the snow, collecting ice scrap from ice skating rinks, or if there are other additional options that can be 

considered. Other solutions for water and electricity sources could also be of interest to investigate, such 

as collecting water in a tank, and use it as a water source at the site of the Winter Activity Park, or 

examine having a generator as an electricity source instead. These options could thereafter be compared 

to the options included in this study, in order to see which could be considered a better solution.  

 

Another aspect could be to further investigate production at another site, specifically the transportation 

process. As it was shown that the transportation with a truck had a large contribution to climate change, 

it could be of interest to investigate whether other means of transportation would be possible, that would 

be able to minimize or remove the large environmental impact from the transportation. If transportation 

could be done without the large climate change contribution, then production at another site could be 

considered an equally good alternative as production at the site. 

 

One major aspect which needs to be considered and investigated is the economic aspect. For future work, 

the costs for a Winter Activity Park needs to be assessed, to be able to make a well-informed decision. 

The economic aspect should include the cost for the production, including the equipment, water and 

electricity use, transportation, eventual salary for operators, as well as any other cost that might arise, 

such as permits or environmental assessments. By being able to relate the Winter Activity Park to a cost, 

it is possible to compare that cost with the social benefits. If the Winter Activity Park is believed to lead 

to an increase of physical activity in the municipality, and thereby improve the public health, then it is 

likely that it will occur a decrease of social costs for treating illnesses generated from sedentary 

behaviour and physical inactiveness. The cost for the Winter Activity Park can thereby be weighed 

against the decreased social costs. Future work could therefore include a Cost Benefit Analysis (CBA), 

which weigh the economic aspects against generated benefits, in order to base a decision on this (Brent, 

2006). 

 

Investigating the economic aspect can also contribute to the selection of the site of a Winter Activity 

Park. The cost of a Winter Activity Park can be compared to the assumed visitation rate, in order to 

determine which site will be more economically favourable in the long run. If the implementation cost 

of a Winter Activity Park at one location is considered to be significantly higher than if the Winter 

Activity Park was implemented at another site, from an economic point of view it might be considered 

more favourable to implement the Winter Activity Park at the second site. However, if the first site holds 

the possibility of more people visiting, then that site might be preferable, as the cost per visitor will be 

lower. Also, if several sites are presumed to generate an equal amount of social benefits, the economic 

aspect can be weighed in, in order to choose the site with the most favourable cost. 
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Another aspect to be investigated in future studies, is the social aspect. Since the purpose of a Winter 

Activity Park is for people to visit in order to perform spontaneous physical activity, the social aspects 

are believed to be highly important and should therefore be investigated. Future studies should assess 

what is required of a park in order for people to visit, including the design and the location as well as 

what is provided at the park. Currently, no study has investigated whether the residents in Södertälje 

are even interested in the concept to be implemented in the municipality, or what they would want from 

a Winter Activity Park. A further assessment could therefore include what is perceived as appealing for 

a park, what it should include and what would make people to visit, by, for example, carrying out a survey 

and collecting people’s opinions. Future work could also include how the location of a Winter Activity 

Park could influence whether people will visit or not, as well as if the likeliness of visiting differs between 

various social groups. 

 

6. Conclusion 
There are several technical requirements that need to be fulfilled at a site in order to implement a Winter 

Activity Park, in terms of obtaining artificial snow. The sites included in the study, Tveta Friluftsgård 

and Stadsparken, do not currently fulfil the technical requirements needed for the implementation, 

although Tveta Friluftsgård was found slightly better suited. However, actions can be taken for both sites 

that would lead to the fulfilment of all requirements. This leads to the conclusion that it is feasible to 

implement a Winter Activity Park at the sites, in regard to technical aspects. Further, it can be concluded 

that it is highly likely to be able to fulfil the technical requirements regardless of the location, which 

means that implementation of a Winter Activity Park can be carried out practically anywhere. 

 

Both sites have the possibility to result in negative and positive environmental aspects. Although a slight 

difference, it was found that Tveta Friluftsgård would result in smaller negative impacts, compared to 

Stadsparken. In comparison between Tveta Friluftsgård and Stadsparken, the site that is better suited 

for the implementation of a Winter Activity Park, based on environmental aspects, is Tveta Friluftsgård. 

However, Stadsparken should not be discarded as an option, as the site could still be a favourable option 

in regard to social benefits. It is recommended that Södertälje municipality should weigh the options 

against each other and choose the site which corresponds the best to the purpose of a Winter Activity 

Park in the municipality. 

 

The comparison between various alternatives for obtaining artificial snow led to the conclusion that 

production directly on site, with the use of lake water, would be the most favourable option, from an 

environmental point of view. However, the other alternatives could still be considered suitable if the 

favourable alternative is not possible at the site, and the implementation of a Winter Activity Park would 

have great social benefits that outweigh the larger environmental impact. 

 

The final conclusion of the study is that it is feasible to implement a Winter Activity Park in Södertälje 

municipality. Of the sites included in the study, Tveta Friluftsgård is to recommend, and artificial snow 

should be obtained through production directly on site, using lake water. 

 

For continuous work, future studies should carry out further investigations regarding the environmental 

aspects, to be able to quantify the environmental impacts. Future work should also investigate the social 

and economic aspects related to the concept, in order to create a more comprehensive view of the 

feasibility and sustainability of the concept of a Winter Activity Park.  
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Appendix 

Appendix A – Data collection 

 

Data inventory Amount Source 

Snow depth 0.15 m (Pers. com. Skoglund, 2020) 

Area of Stadsparken 891 m2 Google maps (see Figure B1) 

Area of Tveta Friluftsgård 942 m2 Google maps (see Figure B1) 

Area of Winter Activity Park 916.5 m2 Calculated value 

Snow volume for Winter Activity 

Park (alt. 1 and 2) 

137.5 m3 Calculated value 

Snow volume for Winter Activity 

Park (alt. 3 and 4) 

151.3 m3 Calculated value 

Electricity amount for running 

the equipment per unit snow 

volume 

3 kWh / m3 (SLAO, n.d; Pers. com. 

Skoglund, 2020) 

Electricity amount for running 

the equipment during 

establishment of Winter Activity 

Park (alt. 1 and 2) 

412.5 kWh Calculated value 

Electricity amount for running 

the equipment during 

establishment of Winter Activity 

Park (alt. 3 and 4) 

453.9 kWh Calculated value 

Water volume per unit snow 

volume 

0.5 m3 / m3 (Pers. com. Skoglund, 2020) 

Water amount for Winter 

Activity Park (alt. 1 and 2) 

68.8 m3 Calculated value 

Water amount for Winter 

Activity Park (alt. 3 and 4) 

75.7 m3 Calculated value 
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Electricity amount per unit water 

volume 

0.64 kWh / m3 (Svenskt Vatten, 2011) 

Electricity amount for supplying 

the water net during 

establishment of Winter Activity 

Park (alt. 1 and 2) 

88.0 kWh Calculated value 

Electricity amount for supplying 

the water net during 

establishment of Winter Activity 

Park (alt. 3 and 4) 

96.8 kWh Calculated value 

Snow density of fluffy new fallen 

natural snow 

30 kg / m3 (SMHI, 2019) 

Snow density of artificial snow 360 kg / m3 Calculated value 

Load capacity of artificial snow 

per truck 

20 m3 / truck (Pers. com. Skoglund, 2020) 

Mass of load of artificial snow 

per truck 

7200 kg / truck Calculated value 

Distance from 

Ragnhildsborgsbacken to 

Stadsparken 

4.0 km (Google maps, 2020a) 

 

Distance from 

Ragnhildsborgsbacken to Tveta 

Friluftsgård 

9.7 km (Google maps, 2020b) 

Distance for truck to transport 

one load of artificial snow, one-

way, from production site to site 

of Winter Activity Park 

6.9 km Calculated value 

Number of trucks needed to 

transport total amount of 

artificial snow 

8 Calculated value 
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Total distance to transport total 

amount of artificial snow from 

production site to site of Winter 

Activity Park 

55.2 km Calculated value 

Emission factor for electricity 13*10-3 kg CO2-eq / kWh (Energirådgivningen, 2018; 

Energiföretagen, 2019) 

Emission factor for 

transportation with truck per 

tonne-kilometre 

0.16175 kg CO2-eq / tkm EcoInvent database / (Simons, 

2019) 

Emission factor for 

transportation with truck per 

kilometre 

1.2 kg CO2-eq / km Calculated value 
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Appendix B – Reference flow of artificial snow 

 

The size of a Winter Activity Park needs to be decided, in order to determine the amount of artificial 

snow needed. All alternatives will be based on the same size of a Winter Activity Park. However, it is 

considered that production on another site will result in 10% loss of snow, due to contamination of the 

snow closest to the ground (Pers. com. Skoglund, 2020). It is therefore considered that for alternative 3 

and 4, 10% more snow will have to be produced, in order to construct the same size of Winter Activity 

Park. 

  

There can be different designs of a Winter Activity Park, which in turn will require different amounts of 

artificial snow. For example, a ski pist is considered to require a snow depth of 0.5 m, whilst a play area 

only requires 0.15 m (Pers. com. Skoglund, 2020). 

  

For the calculations of the carbon footprints, a play area has been chosen as the design of the Winter 

Activity Park. It is considered this design requires the least preparation at the implementation site, and 

therefore most likely to be a suitable option for many locations. 

  

In order to decide how much artificial snow that is required for the Winter Activity Park, with the design 

of a play area, the area of the site first needs to be decided. The area of the Winter Activity Park is 

calculated as a mean value of the areas at Stadsparken (891 m2) and Tveta Friluftsgård (942 m2), 

collected from Google maps (see Figure B1); 

  

(891 + 942) m2/2 = 916.5 m2                                                                               [1] 

                        

The snow volume can be calculated by multiplying the area, [1], with the snow depth (0.15 m). 

  

The required snow volume for the alternatives are: 

Alternative 1 and 2: 916.5 m2 *0.15 m = 137.5 m3                                             [2] 

Alternative 3 and 4: 1.1 * 137.5 m3 = 151.3 m3                                                [3] 

 

 
Figure B1: Area for Stadsparken and Tveta Friluftsgård (Google, Imagery ©2020 CNES / Airbus, Lantmäteriet/Metria, 

Maxar Technologies, Map data ©2020) 
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Appendix C – Energy input for equipment 

  

The energy required to run the equipment (snow cannon and pump-/s) is 1-3 kWh per m3 of snow 

(SLAO, n.d; Pers. com. Skoglund, 2020), where 3 kWh has been chosen for the calculations. 

  

The amount of energy needed for running the equipment is calculated by multiplying the volume of snow 

required for a Winter Activity Park ([2] and [3]), with the energy required for producing 1 m3 of artificial 

snow. 

  

The energy required for the equipment for the alternatives are; 

Alternative 1 and 2: 137.5 m3 * 3 kWh/m3 = 412.5 kWh                                   [4] 

Alternative 3 and 4: 151.3 m3 * 3 kWh/m3 = 453.9 kWh                                   [5]            
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Appendix D – Energy input for municipal water net 

 

Alternative 2 and alternative 4 will, besides from the energy required for running the equipment, also 

use energy due to extracting municipal water. This will result in additional energy, compared to using 

lake water, since it includes water plants supplying the water through the water net. To produce 1 m3 of 

artificial snow,0.4-0.5 m3 (Damm et al., 2014; Pers. com. Skoglund, 2020) of water is needed. For the 

calculations, 0.5 m3 is used. This means that the required water amount is calculated as follows; 

  

The required water amount for the alternatives are; 

Alternative 1 and 2: 137.5 m3 * 0.5 m3 water/m3 = 68.8 m3                             [6] 

Alternative 3 and 4: 151.3 m3 * 0.5 m3 water/m3 = 75.7 m3                             [7]                                   

 

From the study by Svenskt Vatten (2011), the median value of energy required to produce and distribute 

municipal water was collected. The energy for supplying water from the municipal water net is 0.64 

kWh/m3 (Svenskt Vatten, 2011), and the amount of energy for using municipal water can be calculated 

by multiplying the energy for supplying water, with the required water volume ([6] and [7]). 

 

The energy amount for using municipal water for alternative 2 and alternative 4 is; 

Alternative 2: 137.5 m3 * 0.64 kWh/m3 = 88.0 kWh                                        [8] 

Alternative 4; 151.3 m3 * 0.64 kWh/m3 = 96.8 kWh                                         [9]                                   
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Appendix E – Distance input for transportation 

 

Alternative 3 and 4 will include the transportation from the production site to the site for the Winter 

Activity Park. 

  

First, the density of artificial snow needs to be determined. According to the study of Rixen (et al., 2003), 

uncompacted artificial snow on Swiss ski pistes had a density of 350 kg/m3. Also, according to SMHI 

(2019), the density of very fluffy new fallen natural snow is 30 kg/m3. Since it is considered that 0.5 m 

of compact artificial snow corresponds to 6 m of unprocessed, freshly fallen, natural snow (Pers. com. 

Skoglund, 2020), it could be considered that artificial snow is 12 times as dense as natural snow. By 

multiplying the density of very fluffy new fallen natural snow with a factor 12, a calculated density for 

artificial snow can be received, which is; 

  

30 kg/m3 * 12 = 360 kg/m3                                                                               [10] 

  

The calculated value and the value of Rixen (et al., 2003), is similar. The higher calculated value has 

been chosen for further calculations.  

  

With the calculated density of artificial snow, the load for one truck can be calculated. The capacity of 

the truck is known, 20 m3 of artificial snow (Pers. com. Skoglund, 2020), and the load can be calculated 

by multiplying the capacity with the density ([10]); 

  

360 kg/m3 * 20 m3 = 7200 kg                                                                            [11] 

  

The distance a truck needs to travel thereafter is to be determined. The distance is meant to correspond 

to the distance one truck will have to travel in order to transport one load of artificial snow from the 

production site to the site of a Winter Activity Park. The site for production as well as the distance 

between the sites have been calculated based on estimations. 

  

Ragnhildsborgsbacken, a ski slope located in Södertälje (Friluftsfrämjandet, n.d), has been chosen as 

the production site, since production of artificial snow is already taking place at the site. In order to 

decide a distance a truck would have to travel with the snow, the mean distance from 

Ragnhildsborgsbacken to Stadsparken (4.0 km), as well as to Tveta Friluftsgård (9.7 km) was calculated, 

using Google maps in order to estimate the distances (Google maps, 2020a; Google maps, 2020b). 

  

The estimated distance a truck would have to travel is; 

(4.0 + 9.7) km / 2 = 6.9 km                                                                                 [12] 

  

In order to transport the total required amount of artificial snow to the site, several runs from the 

production site is required. The number of runs from the production site to the site of a Winter Activity 

Park, is determined by dividing the volume of artificial snow, needed for alternative 3 and 4 ([3]), with 

the capacity of one truck (20 m3); 

  

151.3 m3 / 20 m3 = 8 times                                                                                 [13] 

  

The total distance for transporting the total amount of artificial snow can thereafter be determined by 

multiplying the distance for one truck, [12], with the number of times the truck would have to travel 

from the production site to the site of the Winter Activity Park, [13]. 

  

6.9 km * 8 = 55.3 km                                                                                                      [14] 
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Appendix F – Emission factor for transportation 

 

Data regarding the climate change impact from a truck was collected from the EcoInvent database 

(Wernet et al., 2016). From the database, the climate change potential per ton*km was collected, which 

is 0.16175 kg CO2-eq/1000 kg*km (Simons, 2019). The collected data can thereafter be used to 

determine the emission factor for a truck per km, by multiplying the load, [11], with the amount of CO2-

eq per ton-kilometre; 

  

7200 kg * (0.16175 kg CO2-eq / 1000 kg*km) ≈ 1.2 kg CO2-eq / km                    [15] 
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Appendix G – Energy output for equipment 

 

The energy output from the equipment is calculated by multiplying the energy amount for the 

alternatives, [4] and [5], with the emission factor for Swedish electricity (13*10-3 kg CO2-eq 

(Energirådgivningen, 2018; Energiföretagen, 2019)); 

  

For alternative 1 and 2: 412.5 kWh * 13*10-3 kg CO2-eq/kWh = 5.4 kg CO2-eq    [16] 

For alternative 3 and 4: 453.9 kWh * 13*10-3 kg CO2-eq/kWh = 5.9 kg CO2-eq    [17] 
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Appendix H – Energy output for municipal water net 

 

The energy output for using the municipal water net is calculated by multiplying the energy amount for 

alternative 2 and 4, [8] and [9], with the emission factor for Swedish electricity (13*10-3 kg CO2-eq); 

 

For alternative 2: 88.0 kWh * 13*10-3 kg CO2-eq/kWh = 1.1 kg CO2-eq       [18] 

For alternative 4: 96.8 kWh * 13*10-3 kg CO2-eq/kWh = 1.3 kg CO2-eq       [19] 
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Appendix I – Energy output from transportation with truck 

 
The output from the transportation is calculated by multiplying the emission factor for a truck, [15], with 

the total distance a truck will have to travel to transport the total amount of snow, [14]. 

 

 1.2 kg CO2-eq / km * 6.9 km * 8 times = 66.2 kg CO2-eq                                      [20]       
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