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1. BACKGROUND 
 
Seasonal snow/ice storage means that natural or artificial snow or ice is stored from the winter to the summer, when 
its cold is utilized. In such systems the storage, a more or less water tight pond, a cold carrier flows through the 
snow to utilize its latent heat of fusion. The cold carrier is either circulated between the load and the snow or 
rejected after it has been used for cooling. In all existing systems the cold carrier is in direct contact with the snow. 
Air, melt water, sea water, ground water or some other fluid might be used as cold carrier. The cooling power is 
controlled by varying the flow rate of the cold carrier.  
 
The snow/ice can be stored indoor, on ground, in open ponds/pits and under ground, Figure 1. There is always some 
unwanted melting when the snow is stored in a surrounding above 0oC. The melt occurs by heat transfer from the 
sun, from ambient air, from rain and from the surrounding ground. If snow/ice is stored indoor it is done in a more 
or less insulated building. When the snow/ice is stored on ground or in ponds it is necessary with thermal insulation, 
henceforth denoted insulation. In a cavern no insulation except the ground is needed. Thermal insulation on snow 
can be loose fill, sheets and self supporting superstructures. Loose fill insulation includes various types of wood 
chips, rice shell, debris (mineral particles), etc. Organic refuse such as sawdust (wood chips) and crop residues is the 
traditional thermal insulation material of ice and snow (Taylor, 1985). Sheets can be both plastic and filled 
tarpaulins, e.g. with straw. Superstructures are generally rigid constructions that are partially or totally removed or 
opened during the winter.  
 
 
 
 
 
 
 
 
 

 
 
Figure 1: Principles of snow storage designs.  

 
There are a number of suggested and implemented techniques of snow and ice storage for cooling applications. In 
Japan about 100 projects have been realized during the last 30 years, and in China there is about 50-100 snow and 
ice storage systems (Kobiyama, 2000). Also Canada, USA and Sweden have made efforts in the field. A 
comprehensive review of different snow storage systems and applications is given by (Skogsberg, 2005). 
 
This paper summarizes experience from the Sundsvall snow storage plant from its construction in 1999-2000 and 
during the six first years of operation. The plant is a snow deposit for a regional hospital though almost half of the 
snow is artificially produced by snow guns. In this open storage the snow  is thermally insulated by woodchips.  
 
 



2. THE SUNDSVALL SNOW COOLING PLANT  
 
General 
The only large snow cooling plant in Sweden cools the Sundsvall Regional Hospital, with 190,000 m2 floor area, 
Figures 2-3. In Sundsvall, the monthly mean air temperatures during the cooling season (May to August) is 8-15oC 
and daytime temperature often reaches above 25oC. The storage is an open pond solution designed for 60,000 m3 of 
snow. First cooling operation started in June 2000.  
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Figure 2: Outline of the Sundsvall snow cooling plant. 

 
The storage is a shallow watertight pond (130x64 m) with slightly sloping asphalt surface. Cold is extracted by 
pumping melt water through heat exchangers connected to the cooling system of the hospital. The heated melt water 
is then re-circulated to the snow where it is cooled and new snow melts. The original re-circulation inlets are located 
at the sides of the storage. The outlets, originally two openings in the pump house, have been moved to the centre of 
the storage. The water is cleaned by different filters, and pumped by two pumps (0.035 and 0.050 m3 s-1) to the heat 
exchangers (1000+2000 kW), Figure 2. The comfort cooling system of the hospital also includes one 800 kW chiller 
though the system primarily runs on snow cooling.  
 
During the six years of operation much experience were gained. Stored snow volumes varied from 18,800 to 40,700 
m3. The snow density varied from 578-735 kg m-3, with mean density of about 650 kg m-3. Natural snow from 
streets and squares and artificial snow (38-70%) were also used. Different snow and ice making systems have been 
tested. The first year snow and wood chips were spread with a tractor and an excavator, but in recent years a snow 
groomer made this handling more efficient.  
 
More than 75% of the total cooling load was delivered by the snow system over the years. In 2004 and 2005 the 
snow cooling ratio was about 92%, but in 2005 there was about 7000 m3 of snow left at the end of the season. The 
cooling load has increased over the years since the cooling system of the hospital has expanded. A further expansion 
is planned to about 3,000 kW and 3,000 MWh in about 2010.  

 
Figure 3: Left: Part of the snow pond with pump house and part of the hospital. Right: The woodchips  
layer covering the snow in the beginning of the cooling season. The photo is taken from the pump house. 



Air temperature, relative humidity, precipitation, solar radiation, air velocity and wind direction were measured at 
the snow storage. The summers of 2000-2004 were warmer and rainier than the mean summer of 1961-1990. In 
2002 the summer mean temperature was 4.1oC warmer than the average year. In 2001 and 2002 the annual 
precipitations were 52.2% and 71.2% greater than average, Table 2. 
 
Thermal insulation 
The snow was thermally insulated with a 0.2 m layer of larger pieces of wood chips, 20-150 mm. Because of the 
wood chips decay it was necessary to add about one third of new chips every year. It might be necessary to replace 
all insulation also coming years because the insulation qualities deteriorates when wood chips mix with sand and 
gravel from the snow. In 2003 a minor experiment with insulation sheets on an area of about 10⋅10 m was made. It 
was concluded that this solution was less good than wood chips (Larsson, 2005).  
 
The ground temperature underneath the storage pond was measured both above and below the ground insulation at 
0.6-0.7 m depth. Above the insulation the ground temperature followed the air temperature with a slight trailing 
when no water or snow covered the storage bottom, otherwise it was 1-5oC above zero. The ground temperature 
below the insulation was about 4-5oC from spring to end of snow cooling season, and then increased a few degrees.  
 
Melt water re-circulation  
The necessary melt water re-circulation system, that delivers the cold to the hospital, has meant problems, both due 
to higher temperatures than wanted and due its effect on the insulation layer. The melt water temperature before the 
heat exchangers was mostly 2-5oC until the end of July/middle of August. Then the temperatures started to increase 
because of uneven snowmelt, Figure 4.  
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Figure 4: Melt water temperatures before and after the heat exchangers (hx), in 2004. 
 
Around the inlet valves snow melted quickly why wood chips fell off, resulting in both increased natural melting 
and that re-circulated water found short cuts along pond sides. After reconstruction and moving the return water 
inlets the problem was partly solved the outlet water temperature decreased, Table 1. The melt water flows during 
these periods corresponded to a detain time of 1.5-3 days. 
 

Table 1: Melt water outlet data for 2001-2004.  
June+July 2001 2002 2003 2004

Average snow cooling load [kW] 457.5 453.4 476.6 276.9
Average melt water flow [m3 d-1] 1842.6 2567.7 2272.7 1595.0
Average melt water outlet temperature [oC] 4.1 3.3 3.0 2.2
Average melt water temperature increase [oC] 4.9 3.6 3.8 3.7

 
The temperature increase through the heat exchangers was usually 1-8oC. The decreased temperature difference in 
2002-2004 was due to algae growth in heat exchangers and decreased temperatures on the secondary side of the heat 
exchangers, from 13.0oC in 2001 to 8.1oC in 2004, before heat exchangers. The algae growth decreased the heat 
transfer and maximum flow rate. The heat exchangers were cleaned with lye one to three times per summer, and 



then the temperature difference increased again as seen in Figure 4. The owner believed that increased decay rate of 
the old wood chips and high temperatures in heat exchangers caused the growth. Algae growth decreased radically 
during 2003 when new wood chips were used.  
 
Performance 
The snow cooling system was designed to cool the hospital from May to August. It has mostly met the total cooling 
demand until the end of June or beginning of July when occurring peak loads required additional chiller cooling. 
With increased operation experience the snow cooling has met the total cooling load during a larger part of the 
cooling season, Figure 5 and Table 2 
 
  

Figure 5. Hourly cooling power from snow cooling system and chiller in 2005. 
 

Table 2: Results during 2000-2005 at the snow cooling plant at the Sundsvall Regional Hospital.  

 
 

nvironment  
 number of melt water quality analyses of heavy metals, hydrocarbons, oxygen demands, and nutrients were made. 

r 2001 to September 2002 measurements were made in the snow storage, in the stream where melt 

gradable compounds (measured as COD-Mn) was rather high, especially in the 
econd half of the cooling season. These were supposed to origin from the wood chips (Ericsson, 2003). The content 
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Year 20001 2001 2002 20032 20042 20052

Snow volume [m3] 18,800 27,400 40,700 36,800 35,400 39,900
Share of artificial snow [%] 49% 59% 57% 37% 52% 70%
Snow cooling period 6/6-29/8 26/4-22/8 25/4-29/8 6/5-17/8 28/4-3/9 22/4-19/9
Total cooling energy [MWh] 655.5 1159.1 1345,3 1068.4 870.5 941.9
Snow cooling energy [MWh] 607.9 897.2 1125.9 894.5 799.6 863.7
Snow cooling proportion [%] 92.7% 77.4% 83.7% 83.7% 91.9% 91.7%
Maximum total cooling power [kW] 1366 1648 2004 2034 1919 1995
Maximum snow cooling power [kW] 1366 1148 1873 1508 1594 1610
COP,snow,operation [-] 5.2 15.7 23.8 7.4 6.9 7,3
COP,snow,total [-] 4.3 11.2 16.0 6.2 5.7 6.1
COP,snow,total/COP,chiller,total [-] 2.0 3.3 6.6 2.6 2.4 3.1
1 Snow cooling started June 6th
2 Municipal water was complemented with water from own well

E
A
From Septembe
water is discharged and in the recipient, totally at 7 locations. Reference measurements were made at a nearby 
location not affected by the outlet water. The results were compared with Swedish environmental quality criteria 
(SEPA, 1990; SEPA, 1999).  
 
The concentration of non-biode
s
of phosphorus and some heavy metals in the snow were high, but in the outlet water most substances were 
considerably reduced. This was related to particle adsorption, as particles settled in the snow basin, and agrees with 



performed studies (Viklander and Malmqvist, 1993). The effect on the recipient was limited or non detectable for all 
parameters, relative the reference location (Ericsson, 2003).  
 
Economy  
The total investment cost of the Sundsvall snow cooling plant was about 14.5 MSEK, or 1.6 M€. Part of this cost 

of reconstructions. This plant was built for experiments, research, demonstration, and for cooling of 

. BOUNDARY CONDITIONS FOR SNOW COOLING  

bou litical, economical, environmental, natural and 
ystem related. First of all the usage of snow cooling systems presupposes that the technique is known. The 

y depends on cost of land, water, 
lectricity, fuel and labour. Natural snow is a cost if the snow is collected expressly for cooling but might be an 

oundary conditions both concerns chillers and snow cooling. Reduction of green house gases, 
limination of ozone depleting gases, noise reduction, aesthetic concerns and peak shaving (i.e. reducing electricity 

tion, solar radiation, water availability, 
round water flow, ground water level, soil properties and ground water usage. If the amounts of natural snow might 

e water in the pond during a 
eriod and use it for snow making when the temperature is low enough. It is also be possible to reuse water if 

 about 0 C 
at normal conditions why snow cooling for freezing applications is not directly applicable. It is however possible to 

includes cost 
the hospital. This multi purpose use also meant extra costs that are included in the investment. Both the operation 
and capital cost per kWh has decreased gradually, due to expansion of the cooling system and more cost efficient 
handling. The total cooling cost decreased from about 2.40 SEK kWh-1 in 2002-2003 to 1.90 SEK kWh-1 in 
2004/2005. The cost of the first three years was not available. Larsson (2005) predicts that the cooling cost in 
2005/2006 will be below 1 SEK kWh-1. Snow production is the largest separate operation cost.  
 
 
3
 
The ndary conditions for snow storages on ground are social, po
s
awareness of modern snow and ice cooling systems is however limited to a small number of countries and persons. 
Also in countries that have snow cooling systems there is generally a low knowledge about the technique, both 
among engineers and authorities at all levels. There is also a lack of relevant education. The political boundary 
conditions are connected with financial support, taxes and regulations and laws.  
 
The economical boundary condition varies largely over the world and generall
e
income if snow depositors pay for getting rid of the snow. Besides this snow cooling can both be an alternative to 
other technologies but also enable alternatives not relevant without natural snow and ice, e.g. in developing 
countries. For Swedish conditions the estimated economical conditions of a new snow cooling plant was good 
(Skogsberg, 2005).  
 
The environmental b
e
demand during maximum usage periods) are connected to chillers. Pollutions in snow, noise from snow making, 
transports and land/ground usage are related to snow cooling. Snow pollutions might be both a draw back and a 
benefit for the technique. The negative aspect is that pollutions are concentrated at one location and the positive is 
that pollutions can be measured and controlled, if the storage is water tight.  
 
The natural boundary conditions are air temperature, air humidity, precipita
g
be too small some years it is necessary with a cold period long enough to produce snow/ice. This production is 
benefited by low temperatures and low air humidity. In general it is possible to produce enough amounts of snow/ice 
if it is possible to produce snow at all, since short and/or warm winters can be compensated by more snow guns. 
During the cooling season the climate affects both natural melting and cooling demand why the difference in needed 
snow amounts between a normal year and a warm year is double influenced. Natural variations in the climate must 
be carefully considered during dimensioning. Furthermore seasonal snow storage is a long-term investment; 
estimated life time is 40 years, why also the global warming influences predictions.  
 
The water availability is important if artificial snow is used. It is however possible to sav
p
pollution problems can be handled. The ground water flow and level influences both natural melting and suitable 
storage constructions. Large ground water flows increases the ground melt of both water tight and permeable ponds, 
if cold pond water flows into the ground. Soil properties also influence the pond construction. In water tight ponds 
snow pollutions are concentrated and treatable. If the pond on the other hand is permeable it is necessary to study 
how pollutions migrate. This is more important if nearby ground water is used for drinking or irrigation.  
The system conditions concerns load characteristics and needed energy, temperature and humidity. This affects the 
cold distribution system and how suitable snow cooling is for a certain project. Melt water from snow is o



run freezers towards melt water instead of warm air, which is beneficial both since the temperature difference 
between the cold and the warm side decreases and because heat transfer to a liquid is better than to a gas. The 
needed cooling energy and maximum cooling load influences the plant size and design, but in general a snow 
cooling system has no power limit since the cold carrier is circulated through the snow at the same rate as it is 
pumped to the object that is being cooled. With open water circulation systems there is however a delay between 
water inlet and outlet why a melt water buffer in the pond is necessary to meet load variations. There are also snow 
cooling systems where humidity can be controlled, if air is used as cold carrier.  
 
 
4. CONCLUSIONS  
 
In seasonal snow/ice storages frozen water, snow or ice, is stored from winter to summer, when the cold is extracted. 

(water or air) is cooled by the snow, to utilize the large latent heat of fusion, and 
en delivers the cold. The cold carrier is either circulated between the load and the snow or rejected after it has been 

 is required. Otherwise a more or less insulated building or insulation directly on the snow is 
eeded. There are different types of insulations; loose fill, sheets and superstructures, with different advantages and 

ater at low cost why the only relevant snow/ice 
istinction is the density. If natural snow/ice is too expensive or if required snow is not available, it can be produced. 

 a shallow pond with water tight asphalt 
ottom with larger pieces of wood chips as thermal insulation. The outlet water is cleaned, and after cooling the 
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ricsson H E (2003). Snökylanläggning, Sundsvalls sjukhus. Uppföljning av kontroll-program 2001-2002 (Snow 
Sundsvall Regional Hospital. Follow-up of the control program 2001-2002). Commision 1658119 

01, Sweco VIAK.  

nd water courses). General guidelines 90:4. ISBN 91-620-0042-X.  

The basic idea is that a cold carrier 
th
used for cooling.  
 
There are a number of suggested and implemented ways to store the snow/ice. If the snow is stored underground no 
thermal insulation
n
disadvantages. So far no obvious thermal insulation is identified.  
 
Both natural and artificial snow and ice may be used and there is no size or power limitation for snow cooling 
systems. The main issue is to have enough amounts of frozen w
d
Artificial snow/ice is made with different types of water sprayers, including snow guns. The production rate depends 
on equipment, relative air humidity, and temperatures of the air and water.  
 
Presently (2005) there is one modern snow cooling plant in Sweden, at the regional hospital in Sundsvall. It has 
been in operation for six years, and it has mostly worked well. The plant is
b
heated melt water is re-circulated through the snow, where it is cooled again. To keep a constant water level in the 
pond some heated water is gradually rejected. Based upon the experiences from Sundsvall it is estimated that a new 
large scale plant could deliver cold at competitive cost, with considerably higher COP then chillers.  
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