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Dream winter conditions
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Climate change

Teknologi for et bedre samfunn

• The number of days with snow cover is reduced due to 
climate change

• Winter sports locations are challenged 
• Events are sometimes cancelled due to poor snow conditions

• Traditional snowmaking systems do not work in plus 
temperatures

Predicted changes in the number of 
days with snow cover in the period 
1971-2000 to 2071-2100
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Traditional snow production and its
temperature limitations

Teknologi for et bedre samfunn

(Eikevik 2017). 



European energy crisis
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• European energy crisis – spiking electricity prices in 
Southern Norway

• Electricity consumption in Norway expected to grow 
significantly over the next years due to increased 
electrification

• Cost challenges for clubs and winter sports facilities
• Intensified the political debate on sustainable use of 

electricity in Norway
• Increased focus on:

• Energy efficiency
• Utilization of waste heat

Source: nrk.no

Source: skiforbundet.no



Vision of Snow for 
the Future
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The vision of Snow for the future (phase 2) is to 
contribute to snow secure winter sports areas close 
to where people live

• Maintain the tradition for skiing and winter
sports activities
• Continue to recruit younger generations to 

organized sports
• Contribute to improving the public health
• Increase the number of skiing days in local

communities
• Value creation

• Improve the predictability of organizing winter sport 
events and competitions

• For technology manufacturers



Snow for the future - phase 2 (2019-2022)

Teknologi for et bedre samfunn

 New solutions for snow production at the ski resorts

 Production of snow independently of temperature

 Contribute to energy-efficient and climate-friendly solutions

1. Development of snow technologies
• Temperature independent snow production
• Snow production from surplus heat

2. Integrated snow systems
• Planning tool – snow model
• Integration towards heat consumers

3. Centre of snow competency
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Temperature Independent snow 
production (TIS)

Teknologi for et bedre samfunn

• Existing technology with several suppliers
• Guarantee season opening, and ensure snow during mild winters

• Disadvantages:
• Energy demanding: 20-40 kWh/m3 vs. 0.5-1 kWh (traditional)
• Low production capacitiy
• High investment costs

• Research focus in Snow for the future:
• Modeling the production process
• Improve efficiency in components and systems
• Focus on climate friendly working fluids
• Utilization of surplus heat – integrated heat production

• No examples in Norway

Kondenser

Fordamper

pC, tC= +30oC

p0, t0= -30oC

𝑄̇𝑄0

𝑄̇𝑄𝐶𝐶

tw= 0oC

tamb= +20oC

Snøfafactory SF220 
Sjusjøen



TIS technology research in Snow for the
Future

Freezing plates for 
plate-ice machine

Ejector cross section

Teknologi for et bedre samfunn

Highlights:
• Detailed Modeling of components and processes to reduce of energy 

consumption
• System design and optimization
• Evaluation of different production technologies
• Concepts for utilization of surplus heat integrated heat production

Plate / flake ice technology
Modeling of plate freezing mechanisms
Modelling of CO2 flake ice machine
Energy analysis of plate ice and flake ice machines – comparison
Optimization of defrosting system for plate ice freezing machine

Ejectortechnology for slurry / plate / flake: 
 Development of ejector modeling tools
 Investigation of critical mass flow for CO2 og H2O through nozzle restrictions.
 Snow production through expansion and flash freezing of CO2 
 Steam driven ejector systems for slurry / vacuum ice production

Indoor snow production systems 
 Indoor refrigerations systems for snow production (collaboarition with SNØ 
(Oslo))



• For destinations and venues

• Evaluate different solutions to fulfull
the snow demand for seasons and 
events

• Adapted model for each venue

• Minimise energy consumption, cost
and emissions

Smart planning
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Heat driven snow production

• Temperature-independent snow 
production is very energy demanding

• Heat can be used to produce snow

• Large surplus of "free" heat in Norway 
and Europe

14

Is it possible to utilize heat sources near ski 
facilities for snow production?



Potential heat sources

Results from mapping study in Norway – heat sources
cross mapped with ski locations:
District heating:

• Over 100 municipalities, 7 TWh potential
• Waste combustion facilites often have large amount of surplus heat during summer 

time

Heat from Industry: 
• Potential: 10 TWh, more than 100 potential industry facilities
• high temperatures – good for efficiency

Technology mapping and development: 
• Needs to be located near the heat sources
• Heat source should be 80-90°C or higher
• Lower efficiciency than electricity based TIS – cost of heat needs to be 1/3 of electricity

price or lower
• Production technologies not at the same commercial level
• Sorption based technology and ejector technologies look promising



• Lack of established knowledge
nettworks for snow production

• Knowledge gap between small
and large ski facilities

• Small facilities need an 
information channel

Centre of snow
competency
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Snøkompetanse.no 



Topics on snøkompetanse.no

Teknologi for et bedre samfunn

• Information regarding the practical considerations on these topics
• access to new research, publications, snow seminars, news and more
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