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Introduction

In many countries snow and ice have been stored from the winter for different cooling
applications during the summer, usually for preserving of foodstuff. This was done already by
the ancient Greeks who harvested ice from lakes and rivers, and stored it in barns under
sawdust [13]. The technique was common in Europe and North America in the beginning of
the 20th century when cooling machines replaced it [14].

Today there is an increasing interest for space cooling of commercial and residential
buildings. At the same time we strive to conserve energy and improve the environment. As a
consequence we need to reduce prime energy consumption and develop more energy efficient
systems. The most wanted system is the viable use of renewable energies.

Snow and ice are renewables and seasonal storage of snow and ice in sawdust is now being
rediscovered. Snow and ice, the solid forms of water, are unique in many ways. Its heat
capacity of 4.18 kJ/kg (1.2 Wh/kg); latent energy of melting 334 kJ/kg (92.8 Wh/kg), and its
melting point at 0oC makes it an excellent material for cold storage. This storage capacity
means that it requires 100 kWh to transform 1000 kg of ice at 0oC to water at 5oC.

Any kind of snow or ice could be used, natural or artificially produced, but there is a great
advantage in using already deposited snow in the snow dumps of a city. Such piled up snow is
well packed but also contaminated. By covering the snow with a thermally insulating material
the natural snowmelt is delayed. Sawdust seems to be an excellent thermal insulation and it is
possible to keep most of a snow deposit from natural melting during the summer. After the
cooling season the sawdust could be used as bio-fuel in the heating plants of district heating.
There are also other advantages with such systems e.g. the snowmelt runoff is smoothened out
over a longer period and it is possible to control the contaminated melt water [1].

There are two explanations for the extremely good qualities of sawdust as a thermal insulator.
• Sawdust has a relatively low thermal conductivity (varies with its humidity).
• Sawdust absorbs part of the melt water and evaporates it to the ambient air. This means

that the snow storage is cooled. This particular quality of sawdust will be studied in detail
at Luleå University of Technology



International experience

There are a number of different snow/ice storage techniques used; Ice ponds, Iceboxes,
Himuros, and Snow Stores. These are briefly described below.

Ice Ponds

Ice ponds are ponds, or pits, used to store snow, ice or a mixture of snow (ice) and water
(ice slurry). The ponds are sealed with a fabric of rubber or plastic to prevent water leakage
and are thermally insulated on top. Ice is produced by snow making machines during the
winter [7]. Ice ponds can also be used for water cleaning since impurities are pressed out of
the ice as it freezes. In Greenport, USA, seawater was cleaned from 30 000 ppm to about 5
ppm i.e. well below the authority regulations for potable water. Water cleaning can be
combined with cold storage [13]. Generally, at least 500 hours below freezing per year is
necessary to make the ice ponds an interesting technique. The prime energy needed to produce
ice/snow varies from 0.5 to 2 kWh per ton/ice depending on the technique used (required). Ice
ponds are constructed in sizes from 50 to 650 MWh stored cold with a maximum cold power
from 8 kW to 1600 kW [7].

Iceboxes

An icebox is an un-insulated box inside an insulated shelter. Wintertime water is sprayed
inside the box in thin layers (a few mm) and cold air is blown at this water surface until all the
water is frozen. The outdoor temperature decides the interval but the system can be made
totally automatic. At some places more than 20 meters of ice can be produced [10]. Flexible
walls are sometimes used to manage the problem of the thermal volume expansion of ice when
the ice temperature rises in the spring [8]. The technique is best suited for places with a great
cold demand because of large investment cost [10]. It can also be feasible for short periods of
high power demand. Such systems have a COP of about 95 [7]. Iceboxes are constructed in
sizes from a few and up to 250 MWh [8], with maximum powers from 8 kW to 1600 kW [7].

Himuros

Himuro is Japanese for ice or snow house. In the Himuro one part for of the building is for
ice or snow and the other part for e.g. vegetables and fruits. The ice room can be at the same
floor as the food or it can be on a second floor [12]. The airflow between the ice and the food
is driven by natural convection and controlled by shutters. The stable temperature (about 0oC)
and humidity of the air (high) result in excellent climate for food storage. Both artificial and
natural ice/snow is used. There are about 40 Himuros in Japan (1998). There are examples of
Himuros storing 25000 MWh of cold [9].



Snow Deposit/Storage

In cities where heavy snowfall is common during the winter, snow is transported from
streets and squares to a snow deposit. This snow can be used as a cold source for comfort and
process cooling. The technique was investigated in Ottawa, Canada, and the deposit was
planned to store approximately 90000 m3 of snow with a mean cooling load of 7000 kW. The
snow should be protected with a reflective and insulating cover. They found that the best way
to utilize the chill was to heat exchange melt water and re-circulate it to the snow storage. The
estimated payback time was 10 years [11].

Figure 1 shows another type of snow deposit/ storage in underground rock caverns, now
being investigated at Luleå University of Technology. In this large-scale system no thermal
insulation is required. By being constructed underground the snow deposit is protected from
the seasonal variation of the climate. Thermal losses are insignificant in this type of store
because of the low and stable underground temperature.

This large-scale type of storage should be connected to district heating systems. Today's
cost of district cooling in Sweden implies that in spite of the very high investment cost, the
rock cavern has a short payback time. Normally the cost in Swedish District Cooling is divided
into three parts. There is a first connection cost (2000 SEK/kW) and then there is an annual
cost of 150 SEK/kW + 150 SEK/MWh. [1000 SEK  = $125]

Snow
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Rock

Soil
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Objective and Scope

The objective was to present the concept of using snow deposits for seasonal cold energy
storage and to describe the currently constructed large-scale snow storage system for space
cooling in the city Sundsvall, Sweden.

Principle layout

The principle for utilizing a snow deposit for seasonal storage of cold is shown in Fig. 2. Snow
is deposited on a watertight insulated paved surface. Some type of walls is used to keep the
melt water under the snow. A thermally insulating layer, here sawdust, covers the snow. The
cold water, at a constant temperature of 0oC, is pumped through a heat exchanger where heat
is transferred from the hospital cooling system. Then, the heated water is re-circulated to the
snow deposit. The returned warm water will be cooled on its passage through the snow and
some of the snow will melt. This way the amount of melt water will increase and thus some
water has to be discharged.

As long as there is still snow in the storage the temperature of the melt water is 0oC, which
means that the snow storage has no power limit in the extraction of cold.

The Sundsvall Snow Storage

The Regional Hospital of Sundsvall in central Sweden requires 1000 MWh of cooling during
the summer with a maximum cooling power of 2500 kW. Until now, conventional cooling
machines have been used and instead of replacing the old cooling machines the hospital
decided to meet the future (and increasing) cooling demand by utilizing the city's snow
deposit.  A big consulting engineering company (VVB/VIAK AB) and Luleå University of
Technology designed the snow storage, located close to the hospital. The ridge shaped storage
with a land area of 140 m x 60 m (Fig. 2) will contain 30000 m3 of snow. This large area was
constructed to make it possible to double the snow storage volume in the future. The snow
storage with a volume of 30,000 m3 (approximately 20,000 tons) contains theoretically 1800
MWh of latent energy that could be utilized for cooling. There is also 100 MWh of sensible
energy available if the melt water is heated to 4oC. Because of natural snow melt part of the
stored snow is not available for cold extraction. This is further discussed below, see Figure 5.

PP

Thermal Insulation

Warm water

Cold waterMeltwater

Snow Deposit



Design

The Sundsvall snow storage is constructed in a shallow sloping pit covered by watertight
asphalt. At the edges of this area the sloping walls confine the melt water under the snow to a
maximum depth of about 1 m. To reduce the natural melting of snow the storage is covered by
a layer of sawdust.

The melt water at 0 oC will be pumped to a heat exchanger where the water of the hospital
cooling system is cooled and the water of the storage circuit is heated. This heated water is
then re-circulated and returned to the snow deposit. The returned water will be cooled on its
passage through the snow and mixed with new melt water. This way the melting rate is
controlled.

Snow Melt Simulations

The energy transfer at the interface between the snow and its surroundings governs
snowmelt. Thus, the most physically correct approach of modeling snowmelt is the energy
budget approach. It is, however, complicated to determine all parameters and processes for

the complete energy budget. So, a modified Degree-Days model was used to simulate the

Figure 3. Original plan of the Sundsvall snow storage. This triangular
shape of 130 x 130 m was recently changed to a square shape of 140 x
60 m. The mean height of the snow deposit is about 3.5 m.



snowmelt. It is the most common method for snowmelt modeling and gives satisfactory result
[1], [3]. The snow is piled up to a certain size and shape. The initial shape remains throughout
most of the melt period. The geometrical shape of the snow storage is taken into account in
the degree day model by including the pile area facing the air [1]. The modified degree day
model may be written as,

(1)

where

(2)

and

(3)

Where Q Melted water (m3/d)
k Degree-day constant (m/oC-d)
T Diurnal mean air temperature > Freezing (oC)
A Snow pile area to  ambient air (m2)
V Snow pile volume (m3)
Dw Density of water (kg/m3)
Ds Density of snow (kg/m3)

The degree day model only requires initial values of pile geometry (length, width, and height)
and snow density and a series of air temperature data. Regarding the cases with an insulating
cover the general equation of heat conduction was assumed to control the heat transfer.
Eqs. (2-4) then express the snowmelt as:

(4)

where λ Insulation thermal conductivity (W/m,oC)
D Insulation thickness (m)
F Heat of fusion (latent heat) (334 kJ/kg)

Two different cases of melt of snow storages were studied,
• no thermal insulation
• 0.20 m sawdust as thermal insulation

Model Input
When simulating the operation of the snow storage the shape of the snow storage was

assumed a rectangular ridge shape, with vertical sides. The initial volume of the snow pile was
set to 30 000 m3. The density of the compacted piled snow was assumed 650 kg/m3 [4] and
does not change during melt [5].

Q k T A= ⋅ ⋅

A f V= ( )

-
ρ
ρ

∂
∂

s

w

V

t
Q⋅ =

Q
A

T

d
F w

=
⋅ ⋅

⋅

λ

ρ



For the snow pile without any insulation different degree day coefficients for winter and
spring were used. In Sundsvall the meteorological spring starts on April 4. Before April 4,
kwinter = 3 mm/oC-day and then kspring =11 mm/oC-day was used for the rest of the simulation
period.

The air temperature series used in the simulations was based on measurements at Luleå,
Feb. 25- Apr. 30 1992, and Sundsvall, May 1-Aug. 31 1995, see Fig. 4. The measured values
of Luleå were adjusted to the Sundsvall climate by, Feb +4.0 oC, Mar +3.5 oC, and April +2 oC.

Wet sawdust was assumed with a thermal conductivity of 0.30 W/m,oC. Corresponding
value for dry sawdust varies from 0.08 to 0.14 W/m,oC, depending on compaction and the
thermal conductivity of water is 0.60 W/m, oC [6].

Results
In performed simulations the natural snowmelt by the heat transfer from the surroundings (air,
ground and also precipitation) and of cold extraction were considered. The losses because of
groundwater flow and rain are relatively small.

Groundwater

The heat flow from ground water flow under the snow storage will increase the snowmelt.
This problem can be considered as a one-dimensional problem because of the large bottom
area of the store and then the maximum heat flow through the soil layer is given by:

Typical Daily Mean Temperature, Sundsvall
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Where Q (W/m2)
)z Groundwater level is below the bottom of the store (m)
)T (Tg-Tw) Temperature difference between groundwater and the water at the

bottom of the snow storage (oC)
8 Ground thermal conductivity (W/m,oC)

By assuming the water temperature Tw = 4oC; groundwater temperature Tg = 6oC; ground
heat conductivity λ = 1 W/m,oC  and the depth to the groundwater )z = 1 m, the resulting
heat flow q = 2 W/m2. This means that the maximum heat flow through the bottom area of the
store (8400 m2) is 16.8 kW resulting in a heat loss during 3 months (2200 h) of about 37
MWh. This corresponds to the melting of 400 tons of snow (2%).

Rain

Rain during the summer will result in an extra snowmelt. To estimate the snowmelt caused
by rain a total precipitation of 240 mm with a mean rainwater temperature of 10oC during the
three summer months were assumed. Recalculated into energy this rain adds 2.9 kWh/m2 of
the snow storage i.e. 24 MWh. This corresponds to the melting of 260 tons of snow (1.3%).

Natural Snow Melt

The natural snowmelt period starts on the 25th February in the Sundsvall region. Normally,
without thermal insulation the 30,000 m3 snow deposit would last until mid June. The
calculations shown in Figure 5 represent the snow deposit 1/ Without thermal insulation and 2/
Thermally insulated with 0.2 m of sawdust. Table 1 shows assumed extraction power and the
corresponding monthly energy extraction in the calculations. This cooling load was estimated
by the function graphed in Figure 5.

Table 1. Cooling Demand.
Mean Cooling
Power
(kW)

Cooling
Energy/Month
(MWh)

June 829 299
July 1006 374
Aug 932 347



Figure 5 shows that in the case of no cold extraction approximately 70% of the snow
storage volume remain at the beginning of September. The curve of total snowmelt, which
includes the effects of both cold extraction and natural snowmelt, shows that the snow storage
will last until the end of the cooling period.

Discussion and Conclusions
The Sundsvall snow deposit must be thermally insulated or else it will not last over the
summer. A storage volume of 30,000 m3 (20,000 ton) contains approximately 1800 MWh of
latent cooling energy. Natural melting reduces part of this snow storage volume but the
remaining part covers the cooling demand (1000 MWh) of the hospital. The extraction power
is never critical since the snow storage has now power limit. The maximum influence of the
heat flow from the groundwater to the snow deposit and the influence of rain on the snow
deposit result in a snowmelt of 400 tons and 260 tons of snow respectively.

Sundsvall Snow Storage - Calculated Melting
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The calculation of the thermally insulated snow storage is uncertain since there is little
data to verify the model. Preliminary tests show, however, that sawdust is a better thermal
insulator than given by theories based on thermal conduction through the sawdust. We believe
that this will be explained by the fact that sawdust absorbs water from the snow. When, this
water is evaporating from the sawdust it cools the snow storage, thereby reducing the heat
flow from the surroundings.

The snow storage has a great potential. It is an example of a natural technology where
local resources are utilised to replace the usage of prime energy. It is a remarkably simple and
obvious technology. There is no limit in extraction power.

The Sundsvall snow storage is under construction and will be taken into operation
during the winter 1999/2000. Its operation will be monitored and Luleå University of
Technology will document the construction work, performance, problems and maintenance
during its first four years of operation.
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