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Snow and ice storage for cooling applications 
Bo Nordell and Kjell Skogsberg, Luleå University of Technology 
 
Background 
In the aftermath of the Rio Conference (1992) the term “Factor 10” was internationally estab-
lished. It means that the industrialised countries must reduce its resource consumption by a factor 
of ten within 30-50 years in order to secure a sustainable global environment. Factor 10 is easy 
to comprehend in energy systems; it simply means that we have to reduce our prime energy use 
by a factor of ten. To reach Factor 10 we have to conserve energy and replace most of the re-
maining energy demand by renewable energy.  
 
The most obvious renewable energy source is solar radiation, which can be directly transformed 
to electricity or heat. Solar energy also transforms to wind energy, wave energy, and as thermal 
energy passively stored in air, water, or in the ground. Solar energy is also stored in plants and 
trees. Renewable energy is defined by its period of renewal. So, bio-fuel is a renewable energy 
while oil is not. Because of low intensity or absence of solar energy, snow and ice are accumu-
lated during the winter. This type of natural cold storage is also a type of renewable energy or 
rather a shortage of heat that can be used in cooling applications.  
 
As in most countries the Swedish tradition of using stored snow and ice for cooling is old. Ice 
barns were used for centuries for storage of e.g. food. In some cases the barns were merely a 
storage room for ice in which case the ice was stored under a layer of sawdust. There are 6th cen-
tury ice storage pits, which according to archaeologists were used for storage of meat and fish in 
summer time. Some old ice barns are still in operation. During the 19th century ice cooling be-
came common in the Swedish cities. Ice was harvested from lakes and stored for later use. Ice 
cooling was a large industry and Swedish and Norwegian ice was exported to New York, Lon-
don, and India. Norway exported more than 300,000 tons of ice to London in the year 1900.  
 
The Swedish climate and cooling demand 
Part of Sweden is partly located at the Arctic Circle but the climate is not that cold because of the 
Gulf Stream. The annual mean temperature varies from +9oC in the south to -3oC in the north. 
The extreme mean diurnal temperature varies from –34.9oC to +32.4oC. Nine years out of ten the 
monthly mean temperature of January is below 0oC for 2/3 of Sweden.  In average there is snow 
on the ground between 50 days of the year in the south and 225 days of the year in northwest. 
The annual precipitation (rain and snow) is less than 1000 mm of water1.  
 
In 1994 about 3.1 TWh of electricity was used for individual (not DC connected) cooling ma-
chines in industry and comfort cooling2. This corresponds to approximately 6 TWh of cold. 
There is an increasing demand. The first district cooling (DC) system started 1992. Today there 
are 21 DC systems that delivered 337 GWh of cold in 2000. This load is estimated to increase to 
between 600 and 1000 GWh in a recent future3. 
 
Problem 
Snow handling is a burden to any community. Heavy snowfalls disturb traffic and cause high 
cost in collecting and transporting snow to a deposit. Vehicles for snow transportation are energy 
                                                 
1 Climates, lakes, and water sheds (1995). Swedish Meteorological and Hydrological Institute. ISBN 91-87760-31-2.  
2 Cooling machines and heat pumps in Sweden (1994). The Swedish Refrigeration Association.  (In Swedish). 
3 Swedish District Heating Organisation. Homepage (2001-12-18). http:/www.fjarrvarme.org/. (In Swedish). 
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consuming, polluting and cause traffic problems. When the snow melts its content of pollution 
precipitates and accumulates at the deposit, which causes environmental problem at the dump. 
There is also an extra cost, a snow-dumping fee at the deposit. The space cooling demand is in-
creasing due to an increasing amount of heat generating equipment in offices and households. 
Electrically driven cooling machines supply most of this cooling demand. The concentrated ac-
tivity in big cities also leads to heat islands, i.e. local heating of ambient air because of the en-
ergy consumption in the city. Air conditioning causes a 3oC temperature increase of ambient air 
temperature during warm summer days in Tokyo4.  
 
Principle Solution 
Snow or ice is extremely good for cold storage: 

1. Ice has a high storage capacity, about 100 kWh per 1000 kg of ice.  
2. The melting point of ice 0 °C is suitable for space cooling applications.  
3. It is a renewal natural energy without any environmental drawbacks. 

 
By storing snow/ice from winter to summer it can be utilised for cooling. Such snow storage sys-
tems can be constructed on the ground but preferably underground. By storing the snow from the 
end of the winter until the end of the summer, there is a melt loss from the storage depending on 
its size, geometry, thermal insulation, and the local climate.  
 
An on the ground snow storage must 
be thermally insulated to reduce melt 
losses because of the local climate. 
The melt loss in rock caverns, with 
the stable and much lower tempera-
ture, is however almost insignificant.  
It is advantageous to build on the 
ground snow storage systems in 
some kind of pit as outlined in Fig. 1. 
The bottom surface must be water-
tight to keep the meltwater. The principle of the system is that cold meltwater is pumped to a 
heat exchanger where the cold is transferred to another circuit. The cold water is then warmed 
and re-circulated to the snow storage, where it melts more snow and thus forms more 0oC melt-
water.  
 
Storage of snow in uninsulated underground rock caverns reduces the melt loss considerably. In 
a cavern of about 100,000 m3 the melt loss is 1-3%, in a geology and climate typical for the 
Stockholm area (Annual mean temperature i.e. ground temperature of 6-7oC). A snow-filled rock 
cavern of 100,000 m3 contains about 6500 MWh of cold if used for space cooling (Fig. 9). 
 
Systems that are located on the ground require a rather big area while the underground caverns 
can be located in the very centre of a city, where available land areas are limited and prohibi-
tively expensive for this use.  
 
It is advantageous to use snow removed from the city, but also very favourable to use artificial 
snow. The energy efficiency of a snow blower, i.e. the quota of extractable cold and prime driv-

                                                 
4 Genchi Y, Kikegawa Y, Kondo H, & Komiyama H (2000). Feasibility of a Regional-Scale Heat Supply and Air 

Conditioning System Using a Ground Source Heat Pump Around the Nishi-Shinjuku Area in Tokyo and its Effect 
on Reducing Antropogenic Heat in Summer. Proc. TerraStock´2000, Stuttgart, Germany, Aug. 2000. 
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Figure 1. Outline of on the ground pit snow deposit for
seasonal cold storage.  
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ing energy to produce the snow, is 100-200. Artificial snow is not contaminated provided that 
clean water is used for snow production. 
 
The stored snow would then be used during the summer for cooling of buildings and processes. 
When the snow melts pollution of the snow falls out and can be treated as required. Snow stor-
ages have extraordinary qualities compared to conventional cooling systems. A snow storage 
system has no power limit because the snow-water mixture will always hold a temperature of 
0oC i.e. it can directly be connected to a district cooling net.  
 
Luleå University of Technology (LTU) has advanced the snow storage technology by designing 
a snow storage system for cooling of the Regional Hospital in Sundsvall5. The Sundsvall snow 
storage (30,000 m3, 1000 MWh; 1500 kW) was built on the ground where the old snow deposit 
of the area was located. This cooling system was taken in operation during the summer of 2000 
and LTU is responsible for the scientific evaluation of the project. LTU is also involved in sev-
eral pre-studies of new applications.  
 
The two first summers of successful operation of the Sundsvall storage has resulted in experi-
ence and know-how that would be useful also in underground storage of snow. Rock caverns 
have so far not been constructed for the purpose of seasonal snow storage but performed studies 
show that such caverns are economically feasible, with an estimated pay-off time of 1 year6. It 
would also be possible to use existing caverns. There are at least 140 rock caverns in Sweden 
previously used for oil storage7. New ideas of how to use these rock caverns have been requested 
and snow storage could be one alternative. 
 
The Sundsvall Snow Storage 
 
The Sundsvall Hospital snow cooling 
plant, mainly used for comfort cooling, 
is located in central Sweden where the 
annual mean temperature is 6oC. The 
plant is designed for a 2000 MWh of 
space cooling (1500 kW) for a hospi-
tal. The storage which was completed 
during the year 2000 consists of a wa-
tertight, slightly sloping asphalt sur-
face, 140×60 m, for storage of 60,000 
m3 of snow (Fig. 2). The storage will 
be cooling the hospital during four 
summer months (May – Aug). During 
this period the diurnal mean air tem-
perature is about 15oC, with max tem-
peratures of 30-35oC and min tempera-
tures of 5-10oC.  
Cold melt water is pumped from the 
storage to heat exchangers in the hos-
pital building. While cooling the build-
                                                 
5 Skogsberg K, Nordell B (2001). The Sundsvall Hospital Snow Storage. Cold Region Science and Technology, Vol. 
33/1. 2001. p. 63-71. 
6 Johansson, P. Seasonal Snow Storage in Rock Caverns (Säsongslagring av kyla i bergrum). 1999:184 CIV. 
http://epubl.luth.se/1402-1617/1999/184/LTU-EX-99184-SE.pdf.  (In Swedish) 
7 Naturvårdsverket. Liquidation of Oil Storage in Unlined Rock Caverns. (Avveckling av oljelager i oinklädda berg-
rum). Dec. 2000. (In Swedish) 

 
Fig 2. Photo showing the asphalt surface of the 
Sundsvall snow storage before the first season Nov 
2000. The white little building is the pump house of 
the system.  
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ing the water is warmed and re-circulated to the storage to melt more snow, i.e. to produce cold 
water. The storage has no power limit. If a higher cooling power is needed more water is re-
circulated and more melt water is formed. 
 
Most of the used snow is collected from nearby streets. If necessary, snow guns are used to pro-
duce additional snow (Fig. 3). In April the snow deposit is thermally insulated by 0.2 m of wood 
chips. Some meltwater is evaporated through the sawdust, which gives an evaporative cooling 
effect, i.e. reduces the melt loss from snow storage.  

 

 
The operation of the snow cooling plant has so 
far been successful. During the year 2000 - the 
first short cooling season - about 19,000 m3 of 
snow was sufficient to supply 93% of the cooling 
demand. Some of the snow was produced by 
snowguns (Fig. 3). In April the storage was cov-
ered by woodchips (Fig. 4). In Fig 5 it is seen that 
some water is absorbed by the woodchips. Some 
of this water is evaporated through the insulating 
layer and gives an evaporative cooling effect, i.e. 
reduces the melt loss from snow. Performed labo-
ratory tests showed that this effect corresponded 
to 25% of extracted cold8. 
 
In 2001 about 27,000 m3 of snow met 75% of the 
cooling demand. Some modifications have been 
made on the storage as a result of experiences 
from the first two years of operation.   
 
The total melt lost from the snow storage is about 30%. The wood chips used as thermal insula-
tion in the Sundsvall snow storage are reused two to three years. It is then burnt at a nearby co-
generation plant after being cleaned from sand and gravel. 

                                                 
8 Skogsberg, K 2001. Seasonal Snow Storage for Cooling Applications. Licentiate thesis, 2001:51 Luleå University 
of Technology, Sweden. http://epubl.luth.se/1402-1757/2001/index.html; ISSN 1402-1757. 

 
Fig. 3. During the first winter of operation 
some of the snow was produced by snow-
guns.  

 
Fig. 4 In April the snow was thermally in-
sulated by a layer of woodchips. 

 
Fig. 5. Thermal insulation of the storage.  
Here, a small pit was made to show the 
structure of the 2 dm layer of woodchips.  
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The Sundvall plant has now, Feb 2002, been in operation for two full cycles now. The main 
problem has been to melt the snow evenly i.e. part of the storage was snow free. The re-
circulation tubes will therefore be rearranged so that return water will be let out under the snow. 
The snow and wood chips handling was too time consuming during the first year. This procedure 
was made much more efficient by a snow groomer9.  
 
Experience of operation in 2001 
During the second year of operation 
(2000-2001) about half of the snow 
was natural snow while he rest was 
artificial snow, made by snow guns. 
At the end of April there was 
27,400 m3 of snow, i.e. approxi-
mately 20,000 tons. In mid April 
the snow was covered with 0.2 m of 
woodchips.  
 
The cooling season started April 
27th and ended September 10th. The 
amount of snow during operation is 
shown in Fig. 6.  
 
The cooling system includes a back up cooling machine, the old cooling machine of the hospital. 
During 2001 the system delivered 1160 MWh of cold of which 77.4% came from the snow stor-
age.  The maximum cooling power de-
livered from the snow storage was 
1150 kW during 2001. 
 
The measured diurnal precipitation and 
mean air temperature are shown in Fig 
7. Because of the dry air in the area the 
diurnal mean temperature has rela-
tively big amplitude with a temperature 
difference of about 20oC during the 
day.  
 
The rainstorms in Aug (90 mm) and Sep (70 mm) were extreme and caused big problems in the 
Sundsvall region, which has a normal annual precipitation (incl. snowfall) of about 800 mm. 
 
The uneven snowmelt, which meant that some areas of the snow storage was snow free explains 
why the melt water temperature varied according to Fig 8. It was sometimes a few degrees 
higher than expected but low enough to satisfy the cooling need.  
 
The melt water was initially 0oC but was heated by the sun when flowing over areas of the snow 
storage that was not covered by snow. At the end of July and beginning of August the water 
temperature increase to more than 5oC. To avoid this problem during next summer the 
distribution system for the return water will be re-constructed. The melt water re-circulation 
tubes will be placed under the snow. This way a more controlled melting will be achieved 
resulting in a lower outlet water temperature. 

                                                 
9 Skogsberg, K 2001. Seasonal Snow Storage for Cooling Applications. Licentiate thesis, 2001:51 Luleå University 
of Technology, Sweden. http://epubl.luth.se/1402-1757/2001/index.html; ISSN 1402-1757. 
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Fig 6. Measured snow volume of the Sundsvall Hospi-
tal Snow Cooling Plant during the summer 2001.
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Fig 7. Diurnal precipitation (lower curve) and mean 
air temperature at the snow storage in 2001. 
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The owner, the County Council of Väster-
norrland, is overall satisfied with the func-
tion of the storage system. They are inter-
ested and keen to make it work as good as 
possible. 
 
Another result of the Sundsvall snow stor-
age is an increased interest in snow stor-
age. Therefore, other applications are un-
der consideration. Several pre-studies have 
been performed for space cooling of large 
buildings, process cooling, and district 
cooling. One of the main problems with the present storage system is the large land-areas that are 
required. This would be solved if the storage would be built underground. 
 
 
Rock Cavern Snow Storage 
 
The construction cost of underground rock caverns is high but the volumetric cost is reduced for 
large caverns. Thus, a rock cavern snow store would be for large-scale cooling applications. It 
has mainly been considered as part of district cooling systems. Snow and ice have excellent cool-
ing properties, especially for space cooling. Besides its large latent heat, melting ice will always 
have a temperature of 0°C. This makes snow or ice storage extremely efficient to large variations 
of cooling effect. The snow storage itself does not have any limit in cooling power. 
 
There are 21 “traditional” DC-system in Sweden. These are based on pumping cold water from a 
lake or the sea to the cooling-systems in buildings. DC-providers usually delivers water at + 6 °C 
with a return temperature of about + 16 °C. One problem is that it difficult to find water cold 
enough for DC. Another problem is the short cooling season in northern regions, which make 
any cooling system expensive per delivered cooling energy. 
 
A rock cavern would be a suitable snow or ice storage. The 
storage could be placed nearby the consumers, or the DC 
net, and it would be possible to reduce the transportation of 
snow in the city. Since the temperature difference between 
the storage and the surrounding ground would be less than 
10 °C the losses of “cold” would be very small. Previously 
the use of rock caverns for other purposes (e.g. oil storage) 
were common but now there are quite a few for sale in 
Sweden and one possibility is to buy one of these and use it 
for cold storage.  
 
It would be most advantageous to use the rock cavern as a 
snow deposit in the city during the winter and as a cold 
source during the summer, but it would also be possible to 
use artificially produced snow. Modern snow-guns start 
producing snow at a temperature of –2°C.  
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Fig 8. Melt water temperature before (lower 
curve) and after the heat exchangers in 2001. 
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Fig 9. Outline of rock cavern for 
seasonal snow storage. 
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Melt Losses 
The heat leakage into the rock cavern, i.e. the melt loss, depends mainly on the thermal proper-
ties of the bedrock and the ground temperature, which is approximately equal to the annual mean 
temperature of the air. The average ground temperature in Sweden is about 4 – 8 °C and the 
snow storage temperature is 0oC. 
 
The melt loss was calculated by assuming a rock cavern in typical Swedish granitic rock and a 
ground temperature was of 6.6°C. The rock cavern was assumed to be cylindrical with the same 
radius and height. This may not be a typical shape of a rock cavern, but it will give the magni-
tude of the expected losses. The snow (ρ = 650 kg/m3) was stored from February and no cold 
was extracted until the later part of July. Performed calculations result in very small melt losses.  
 
For a storage volume of 100,000 m3 located 25 meters beneath the ground surface the losses after 
a couple of years will be about 1,5 % of the stored cold. For a smaller volume the relative loss 
will increase: For the volume 25.000 m3 the loss will be about 3%. During the first years of op-
eration the losses will be somewhat greater. If the storage is located 5 meters from the ground 
surface the annual variation in air temperature will influence the system. The losses will then be 
about twice as big as if the storage is located at greater depth. 
 
A pit storage at ground surface (for example an old open cast mine) would result in greater IN 
such case it would be necessary to use thermal insulation on top of the snow. In a thermally insu-
lated 100,000 m3 pit store the melt loss would be similar to that of rock caverns.  
 
Economy 
The pay back time for different storage volumes at different maximum power has been calcu-
lated. A 100 000 m3 rock cavern constructed for snow storage would have a pay back time ac-
cording to Fig 10. The calculation is based on a construction cost of 44 USD/m3 and the income 
of cold deliveries are based on typical the DC cost in Sweden. This cost consists of three parts; 
 

1. A fixed first cost (connection cost) that is based on the cold load ($200/kW)  
2. Annual fixed cost based on the connected cold load ($15/kW) 
3. Annual cost based on delivered cooling ($15/MWh) 

 
Consequently, if the connected cool-
ing load is big enough, the construc-
tion cost of the cavern is paid already 
by the connection cost. The total cost 
of a 100 000 m3 snow storage cavern 
(M$4.4) would then be covered by a 
connected cooling load of 22 MW. 
Fig 11 shows that the pay back time is 
less than one year as long as the cold 
extraction time is less than approxi-
mately 900 hours. This corresponds to 
a mean cooling power of about 20 
MW.  
 
Detailed calculations of the rock cavern snow store (melt loss, economy etc.) have been reported 
by Johansson (1999)10 

                                                 
10 Johansson, P (1999). Seasonal Snow Storage in Rock Cavern. Master Thesis. 1999:184 CIV. Luleå University of 
Technology, Sweden. http://epubl.luth.se/1402-1617/1999/184/LTU-EX-99184-SE.pdf (in Swedish) 
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Fig 10. Payback time for rock cavern snow storage. 
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Process Cooling 
 
The most recently performed Swedish pre-study on snow cooling was made for an industry in 
the city of Luleå. This company, SSAB Hardtech, manufactures steel products for the interna-
tional automobile industry. Today, they are using cooling machines. 
 
They need tool cooling 3000 kW of continuous cooling over the year. The suggested cooling 
system consists of two parts; Cooling by river water during the winter (7 months) and cooling 
from a snow storage plant during the rest of the year.  
 
The suggested system means that 120,000 m3 of snow would be stored on a 100 x 120 m sloping 
asphalt surface (1%) surrounded by 3 m walls. Natural and artificially produced snow will fill 
the storage area to a height of 10 m. This systems is similar to the Sundsvall plant but instead of 
woodchips, polyethylene carpets will be used as thermal insulation. The storage system will de-
liver 32 kg/s of 2°C water to the industry.  
 
The total natural snowmelt adds up to 27000 m3 of snow during the season.  
 
The total construction cost was estimated to $800,000, which includes the storage, piping, snow-
guns, thermal insulation, filter and a snow groomer. Costs for electrical installations, pump sta-
tion etc are not included. By adding these costs the total cost would be about M$1. The estimated 
payback time is about 2 years. 
 
This project has continued with detailed design of the system but so far the final decision to start 
construction has not been made. 
 
 
Conclusion 
 
Snow handling is a burden to any community and urban environment. Heavy snowfalls disturb 
traffic and cause high cost in terms of collecting and transporting the snow to a deposit. Vehicles 
for snow transportation are energy consuming, polluting and cause traffic problems. When the 
snow melts its content of pollution precipitates and accumulates at the deposit, which causes en-
vironmental problem at the dump. As of recently there is also now an extra cost of snow han-
dling in Sweden, a snow-dumping fee at the deposit. The incentives to minimize snow transpor-
tation and dumping ought therefore to be substantial.  
 
Space cooling demand is increasing in most cities due to an increasing amount of heat generating 
equipment. Electrically driven cooling machines supply most of this cooling demand. The con-
centrated activity in big cities also leads to heat islands, i.e. local heating of ambient air because 
of the energy consumption in the city. Air conditioning causes a 3oC temperature increase of 
ambient air temperature during warm summer days in Tokyo.11  
 
In sum, snow storage schemes offer the potential to improve the environment in many urban ar-
eas and city centres as they help in decreasing transportation, air pollution, and they substitute 
environmental-friendly cooling systems for the conventional ones. The snow storage technology 

                                                 
11 Genchi Y, Kikegawa Y, Kondo H, and Komiyama H (2000). “Feasibility of a Regional-Scale Heat Supply and 
Air Conditioning System Using a Ground Source Heat Pump Around the Nishi-Shinjuku Area in Tokyo and its Ef-
fect on Reducing Antropogenic Heat in Summer.” Proc. TerraStock´2000, Stuttgart, Germany, August 2000. 
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also counteracts the problem of heat islands. For the above reasons an investigation of the main 
obstacles of the technology’s diffusion is motivated.  
 
While many of the economic and technical uncertainties of snow storage have been clarified in 
previous research, we still know little about the different institutional obstacles for increased 
market penetration in Swedish cities. For instance, to what extent do distortionary policies, val-
ues, insufficient information and capital market barriers hamper the introduction of snow storage 
schemes? These are probably the main issues for the large-scale implementation of snow storage 
in Sweden and elsewhere. 
 
 


