21. THE SUNDSVALL SNOW STORAGE—SIX YEARS
OF OPERATION

Bo Nordell and Kjell Skogsberg
Division of Architecture and Infrastructure, Luled University of Technology,
SE-97187 Luled, Sweden

Abstract. Ice storage for cooling is an ancient technology which was common
until the beginning of the 20th century, when chillers were introduced. During
the past few decades new techniques using both snow and ice for comfort
cooling and food storage have been developed. Cold is extracted from snow
or ice by re-circulation of water or air between the cooling load and the
snow/ice. The snow cooling plant in Sundsvall, Sweden, is used for cooling
of the regional hospital. The stored natural and artificial snow is used for
comfort cooling from May to August. It was taken into operation in June
2000 and is the first of its kind. Here the plant is described and the experience
of its first six years of operation is presented.
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21.1. Seasonal Snow and Ice Storages

In seasonal snow/ice storages frozen water is stored from winter to summer,
when the cold is utilized. The snow/ice can be stored indoor, on ground, in
open ponds/pits and under ground, Figure 200.

If snow/ice is stored indoor it is done in a more or less insulated building.
In a cavern no insulation except the ground is needed. When the snow/ice is
stored on ground or in ponds it is necessary with thermal insulation, henceforth
denoted insulation. Both natural and artificial snow and ice may be used and
there is no size limitation for snow cooling systems. This snow cooling plant
in Sundsvall is an open pond with larger pieces of wood chips as thermal
insulation.

The basic idea of such systems is that snow/ice is stored in a more or less
water tight pond where a cold carrier is cooled by the snow, to utilize the large
latent heat of fusion. For comfort cooling about 90% of the extracted energy
is in the phase change, i.e., the melting. The cold carrier is either circulated
between the load and the snow or rejected after it has been used for cooling.
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Figure 200. Outline of different snow storage methods; from left to right; indoors, on ground,
in open ponds/pits, and under ground

In all implemented systems the cold carrier is in direct contact with the snow,
but it is also possible to have closed systems where the cold carrier flows in
pipes. Air, melt water, sea water, ground water or some other fluid might be
used as cold carrier.

Snow is normally defined as precipitation formed of ice crystals and ice
as solid water with hexagonal structure and density about 920 kg m~>. In
snow storage the main issue is to have enough amounts of frozen water at
low cost why the only relevant distinction is the density. If natural snow
or ice is too expensive or not available in enough quantity, it is possible to
produce frozen water. Artificial snow and ice made with different types of
water sprayers, including snow blowers (snow guns). The production rate
depends on equipment, relative air humidity, and temperatures of the air and
water.

Thermal insulation on snow can be loose fill, sheets and roof like struc-
tures. Loose fill insulation is different types of wood chips, rice shell, debris
(mineral particles), etc. Sheets can be both plastic and filled tarpaulins, e.g.
with straw. Superstructures are more or less rigid constructions that are partly
or totally removed/opened during the winter.

There is always some heat leakage when storing snow in a surrounding
above 0 °C. In pond storage the resulting natural melting is divided in ground
melt, rain melt and surface melt. The surface melt occurs by heat transfer from
radiation and ambient air. Ground melt is caused by heat transfer through the
sides and bottom of the storage, Figure 201. The remaining snow is the volume
that is used for cooling.

Figure 201. Natural snow melt in open pond snow storage
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21.1.1. TECHNIQUES AND EXAMPLES

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. Below both realised and suggested techniques
are presented.

21.1.1.1. Himuros and Yukimoros

A Himuro is a house, or a room, where vegetables are stored together with
ice to prevent decay of the food. In a Yukimuro snow is used instead of ice.
The house/room can be situated in or on the ground. This is the traditional
way to use snow/ice for cold storage. The food is stored in shelves and the
snow/ice is stored in carriages or in one section of the room. The food/snow
ratio varies from 1/1 to 4/1 depending on climate and thermal insulation of the
building. Cold distribution occurs by natural convection and can be roughly
controlled by shutters, curtains, etc (Okajima et al., 1997). The temperature
in a Himuro/Yukimuro is a few degrees above 0 °C and the relative humidity
is about 90-95%. One important drawback is that humidity and temperature
cannot be controlled with any precision (Kobiyama, 1997).

21.1.1.2. Indoor Snow Storages

In the Japanese All-Air-Systems air is used as the cold carrier. Warm air is
blown through water made holes in the snow. The snow gets covered with a
thin water layer where particles and gases are absorbed, i.e., the air is cleaned
during the cooling. Hole spacing is about 1 m and the snow lies on a steel grid
(Iijima et al., 1999). There are All-Air-Systems where both temperature and
humidity is controlled (Kobiyama et al., 1997).

21.1.1.3. Ice Box/Fabrikaglace

The Icebox, or Fabrikaglace, is a Canadian invention. It consists of an un-
insulated box inside an insulated shelter. Thin sprayed water layers, a few
mm, are frozen in the inner box by cold air blown over the water. It is possible
to form ice blocks more than 20 m thick during one winter and there is no size
constraint. To extract cold the melt water is pumped to a heat exchanger and
then re-circulated over the ice. Thermal expansion and ice creeping was han-
dled by flexible walls. The tested Ice boxes varied from a few up to 250 MWh
with cooling powers 8—1,600 kW but the high construction costs required
large plants or high cooling powers (Buies, 1985; Morofsky, 1984). The co-
efficient of performance (COP) was about 90-100 (Abdelnour et al., 1994;
Morofsky, 1982).
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21.1.1.4. Underground Storages
Snow storage in underground caverns has so far not been implemented. Jo-
hansson (1999) investigated the prerequisites of snow cooling during the sum-
mer, with focus on under-ground storage. Storages of 25,000-150,000 m?
were studied, assuming snow density 650 kg m~>. Simulations gave that nat-
ural melting was about 3—6% the first years and 1-3% the tenth year. In many
of the studied applications the pay-back time was less than one year.

In 1995 potatoes and rice were stored in an abandoned road tunnel in Japan.
At the end of the winter the tunnel was filled with snow that was covered with
aluminum coated tarpaulins. The products were stored both beside the snow
piles and under the tarpaulins. Rice from the same harvest was stored in a
grain magazine and at a research centre for comparison. The rice in the tunnel
had best quality after two month. The potatoes under the tarpaulins kept its
quality longest and it was found that the storage method was feasible over the
whole year (Suzuki et al., 1997).

21.1.1.5. Open Storages

A number of different open pond snow and ice storage techniques have been
suggested. In Ottawa a storage for 90,000 m? of snow in an abandoned rock
quarry (120 x 80 x 9.5 m?, L x W x H), was studied. The mean cooling
load was 7,000 kW. A light colored PE plastic tarpaulin was suggested as
insulation, with melt water re-circulation for cold extraction. The estimated
payback time was 10 years (Morofsky, 1981).

Néslund (2000) investigated a district cooling system in Sundsvall, mid
Sweden, with sea water and stored snow. The cooling load was 7,900 kW
and 7,450-8,560 MWh. Natural snow from streets and squares were comple-
mented with artificial snow made by snow guns or water spraying. The esti-
mated snow proportion was 43.6—-66.8% and 122,500 m® of snow was needed.
Two layers of 0.01 m plastic sheets with thermal conductivity 0.04 Wm™! K~!
was recommended as insulation. The plant has not yet been realized (2005).

Naslund (2001) investigated a combined system with river water as base
load and snow cooling as back up, for an industrial application. The cooling
need was 1,500 kW at 5 °C and 1,500 kW at 15 °C, continuously. The needed
snow amount was 78,800 ton, stored in a 120 x100 x 3m3(L x W x H)
pond with water tight asphalt bottom. The estimated investment cost was
about 950,000 A.

Andreé et al. (2001) investigated a snow cooling plant in northern Sweden
for operation all year round with winter base load 2 MW and summer peak load
6 MW. The idea was to use the local snow deposit and combine with artificial
snow. The system consisted of two main ponds and one smaller pond.

A Japanese study investigated the possibility to use snow for atomic power
plant cooling, to increase electricity production. With 38,400,000 tons of snow
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the sea water temperature should be lowered 9 °C but only 1,800 MWh of
extra electricity would be produced every year, because of few operation hours
per day. It was suggested that a layer of 0.15-0.3 m rice husk should be used
as insulation (Kamimura and Toita, 2004).

In a similar Swedish project with snow cooling of a waste gas power
plant 2,080,000 ton of snow would increase the annual electricity production
30.7 GWh. The snow should be stored in a 400 x 400 x 20m*(L x W x H)
pond with water tight sides but open bottom. Here 0.2 m of wood chips was
suggested as insulation (Falk et al., 2001).

21.1.1.6. Water Purification

Another application is to combine ice production and water purification since
impurities are pressed out as water freezes. It is possible to freeze sea water
or polluted ground water and use the cleaned melt water for both cooling
and drinking. In Greenport, New York, sea water was cleaned from 3.0% to
0.00005% by freezing (Taylor, 1985).

21.2. The Sundsvall Hospital Snow Cooling Plant

The snow cooling plant at the Sundsvall Regional Hospital, mid Sweden, is
an open pond solution designed for 60,000 m* of snow. The plant is owned
and operated by The County Council of Visternorrland (CCV). The cooling
operation started in June 2000. This is the first open storage with melt water
re-circulation and a wood chip layer as thermal insulation. Monthly mean
air temperatures during the cooling season (May to August) is 815 °C and
daytime temperature often reaches above 25 °C. The hospital floor area is
190,000 m? and the plant is managed by the owner of the hospital.

Pre-studies and a small field experiment were made in 1998. In the theo-
retical study a cooling need of 1,000 MWh was assumed, and natural melting
of a 15,000 and a 30,000 m> snow pile without cover and with 0.1 and 0.2 m
of saw dust as insulation was simulated (Nordell and Sundin, 1998).

The simulations showed that 15,000 m* of snow was not enough in any
case. An un-insulated 30,000 m* snow pile would be gone by mid-June and
consequently the storage had to be thermally insulated. With 0.1 and 0.2 m of
saw dust as thermal insulation the remaining snow volumes were 12,169 and
19,040 m?, Figure 202.

21.2.1. CONSTRUCTION

The snow storage was built in 1998/1999. It is a shallow watertight pond
(130-64 m) with slightly sloping (about 1%) asphalt surface, Figure 203. The
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Figure 202. Natural melting of 30,000 m* of snow with 0.1 and 0.2 m of sawdust and without
thermal insulation (from Nordell and Sundin, 1998)

0.1 m asphalt layer is overlaying 0.5 m gravel, 0.1 m insulation, and 0.8 m of
sand.

Cold is extracted by pumping melt water through heat exchangers con-
nected to the cooling system inside 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 36 valves located at the sides of the storage.
The outlet is two openings in the pump house that is located in the lower
corner of the pond. The water is cleaned by different filters, and pumped by
two pumps (0.035 and 0.050 m? s~') to the heat exchangers (1,000 + 2,000
kW), Figure 204. The comfort cooling system of the hospital also includes
one 800 kW chiller. The system primarily runs on snow cooling and the chiller
supports when necessary.

21.2.2. FIVE YEARS OF OPERATION

During five years of operation at a full scale demonstration plant many expe-
riences are made. Here the main results and findings are presented.

Figure 203. Right: Part of the snow pond with pump house and half of the hospital. Left: Snow
covered with wood chips in beginning of the cooling season. Picture taken from the pump house
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Figure 204. Outline of the Sundsvall snow cooling plant

1. Snow: Both natural snow from streets and squares and artificial snow,
made with snow guns, was used. The artificial proportion was 38-59%.
The stored snow volumes, measured with a geodetic total station, were
18,800-40,700 m>. The snow density varied from 578-735 kg m~—3, with
mean density about 650 kg m~>. The first year snow and wood chips were
spread with a tractor and an excavator. The other years a snow groomer
was used which made spreading much more efficient.

Different snow and ice making systems have been tested. The first years
both fan type snow guns and one LowEnergyTower were used. The fan-type
machines required a lot of maintenance and surveillance the first years and
a lot of the snow from the LowEnergyTower landed outside the storage.
The last year’s two fan type snow guns have been used, mounted on 5 m
high towers and now only operated in the wind direction. This worked
well.

2. Cooling: The cooling needed varied largely. More than 75% of the total
cooling load was delivered by the snow system and unnoticed 2000, when
snow cooling started late, the snow cooling portion have increased. The
maximum cooling load increased because the cooling system inside the
hospital was increased, as planned, Table 1. It will continue to expand to
about 3,000 kW and 3,000 MWh in about 2010 (Larsson, 2005).

The snow cooling system mostly met the total cooling demand until the
end of June/beginning of July when also the chiller run, because the re-
circulation system was too small. Snow cooling stopped between middle
of August and beginning of September all years. With increased operation
experiences the snow cooling has met the total cooling load during a larger
part of the cooling season, Figures 205 and 206.

The total Coefficient of Performance (COPyy,)) was the ratio between the
delivered cooling energy and total energy needed to produce the cold. This
included total operation energy and yearly material depreciation, defined
as the total energy required manufacturing and constructing the system
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Figure 205. Hourly cooling amounts from snow cooling system and chiller in 2002

divided by estimated technical lifetime (Hagerman, 2000; Wichmann,
2003). The COP;y,; was based on the assumption of the same total cooling
amount, from extrapolation.

The amount of artificial snow was calculated as the ratio of water for
snow making over estimated snow amount, i.e., snow making loss was not
included.

3. Thermal insulation: The snow is thermally insulated with a 0.2 m layer
of larger pieces of wood chips, 20—150 mm. The wood chips decayed fast
and it was necessary to add new material every year. After three years all
wood chips were rejected, and new wood chips were bought. 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.
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Figure 206. Hourly cooling amounts from snow cooling system and chiller in 2004



THE SUNDSVALL SNOW STORAGE—SIX YEARS OF OPERATION 357

25

2002 before hx

T e afterhx | s
: o f 0 l- " : :‘.:I E i o .:.'i
et Ly, e

melt water temperature [°C]

Figure 207. Melt water temperatures before and after the heat exchangers (hx), in 2002

In 2003 CCV made a minor experiment with 2-5 m insulation sheets,
U-value 13.6 W m~—2 K~!, covering an area of about 10-10 m. In the
beginning the insulation functioned well but as the snow started to melt
uneven the sheets slid apart. The staff had to adjust the sheets frequently
and it was concluded that this solution was less good than wood chips
(Larsson, 2005).

. Melt water re-circulation: The melt water re-circulation system is impor-
tant since it delivers the cold to the hospital, but the system in Sundsvall
however caused problems. The melt water temperature before the heat ex-
changers was mostly 2—5 °C until the end of July/middle of August. Then
temperatures started to increase because of snow decrease and shortages
in the re-circulation system. 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. To decrease side-
melting new re-circulation hoses were installed. The first year the hoses
were placed on top of the snow, resulting in holes and exposed snow. In
2001 the hoses were placed at the far side, and in 2002—2004 the hoses
were placed under the snow. In 2002 the hoses were damaged by the snow
groomer but in 2003 and 2004 the outlet water temperature decreased,
Figures 207 and 208.

The average cooling load, melt water flow, melt water temperature before
the heat exchangers and melt water temperature increase in June + July
2001-2004 are seen in Table 24. The melt water flows during these periods
corresponded to a detain time of 1.5-3 days, assuming that 2/3 of the
volume beneath the water surface was occupied by snow.

The temperature increase in the heat exchangers was usually 1-8°C. The
decreased temperature difference in 2002-2004 was due to algae growth
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Figure 208. Melt water temperatures before and after the heat exchangers (hx), in 2004

in heat exchangers and decreased temperatures on the secondary side of
the heat exchangers, from 13.0 °C in 2001 to 8.1 °C 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. CCV
believed that increased decay rate of the old wood chips and high tem-
peratures in heat exchangers caused the growth. Algae growth decreased
radically during 2003 when new wood chips were used.

It is possible to avoid short cuts and decrease outlet melt water temper-
ature by spraying re-circulation melt water on top of the snow instead, but
so far CCV has avoided this because they do not want pollutions carried in
the air to the hospital. For 2006 the melt water circulation will be extended
with sprayed ground water and water outlets at the pond bottom centre, to
decrease the water temperature further.

5. Weather: Air temperature, relative humidity, precipitation, solar radiation,
air velocity and wind direction were measured by a weather station at
the snow storage pump house. The summers of 2000-2004 were warmer
and rainier than mean summer of 1961-1990. In 2002 the summer mean
temperature was 4.1°C warmer than the average year. In 2001 and 2002

TABLE 24. 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 (m3d_l) 1,842.6 2,567.7 2,272.7 1,595.0
Average melt water outlet temperature (°C) 4.1 33 3.0 2.2

Average melt water temperature increase (°C) 4.9 3.6 3.8 3.7
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TABLE 25. Monthly mean temperatures and total monthly precipitation during the cooling
seasons of 2000—2004 at the Sundsvall Regional Hospital Snow Storage. Mean values
between 1961-1990 are from the Sundsvall airport 30 km away

Mean temperature (°C) Precipitation (mm)

May June July August May June July  August Total
2000 95 126 165 15.0 454 723 1464 373 301.4
2001 93 151 178 154 33.0 154 68.8 221.8 339.0
2002 114 17.6 184 19.4 84.0 95.0 62.0 21.2 262.2
2003 87 141 189 15.6 41.0 79.6 13.0 1342 267.8
2004 93 140 165 16.7 26.8 52.8 97.0 88.2 264.8
1961-1990 78 134 153 14.0 35 41 58 64 198

there was 52.2% and 71.2% more precipitation than the average year,
Table 25.

Mean values of 1961-1990 are from the Sundsvall Airport, located about
30 km from the snow cooling plant. There was good correlation between
measured air temperature and precipitation and values from the airport
climate station, compared during 60 days the summer of 2000. The airport
climate station is run by the Swedish Meteorological and Hydrological
Institute.

The ground temperature under 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
1-5 °C above zero. The ground temperature below the insulation was about
4-5°C from spring to end of snow cooling season, and then increased a
few degrees.
. Environment: A number of melt water quality analyses of heavy metals,
hydrocarbons, oxygen demands, and nutrients were made. From September
2001 to September 2002 measurements were made in the snow storage, in
the stream where melt water is discharged and in the recipient, totally at
seven 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-biodegradable compounds (measured as COD-
Mn) was rather high, especially in the second half of the cooling season.
These were supposed to origin from the wood chips (Ericsson, 2003). The
content 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, which
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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). The phosphorus content in the
snow was probably caused by droppings from dogs and birds (Malmqvist,
1983).

An unknown amount of the substances described above were lost in the
oil and gravel separator and by flushing of the fine filters. An attempt to
make a full mass balance failed.

21.2.3. ECONOMY

The total investment cost of the Sundsvall snow cooling plant was about 14.5
MSEK, or 1.59 M<€ . Since this full scale operation plant was made also for
experiments, research and demonstration it was difficult to distribute the cost
in an appropriate way, e.g. the cost of reconstructions. An estimated cost split
up is shown in Table 26 (Larsson, 2005).

The cooling operation costs during 2002/2003 and 2003/2004 are seen
in Table 27. The cost of the first three years was not available, but CCV
estimates that the total operation cost has decreased each year. The “Snow
handling incl. production” was expensive in 2002/2003, when a contractor
was responsible. The depositing of urban snow became an income from the
winter 2002/2003, since CCV received a fee of 150 SEK per lorry-load of
snow. “Cold production” means operation cost during the summer, excluding
electricity and water. “Post season work” includes removing and storing wood
chips, removing sediments and cleaning the pond.

“Electricity” depends largely on the amount of artificial snow. The cost of
water has decreased due to their private well being used since 2002, on the other
hand the electricity usage increased. The municipal water cost was 5 SEK m 3.

TABLE 26. Investment costs for Sundsvall Regional Hospital
snow cooling plant

(kSEK) &€)
Pond construction 4,800 527.5
Ground thermal insulation 1,000 109.9
Fence + vehicle approach 700 76.9
Pump house 1,000 109.9
Pumps, pipes, etc 4,000 439.6
Electrical installations 1,000 109.9
Control system 600 65.9
Planning 1,400 153.8

Total 14,500 1,593.4
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TABLE 27. Operation cooling cost from the Sundsvall Regional Hospital snow cooling
plant (Larsson, 2005)

2002/2003 2003/2004
Artificial snow share 37% 52%
Artificial snow amount (m?) 13,984 18,408
Snow handling incl. production (SEK) 1,170,030 733,624
Natural snow (SEK) —141,000 —98,100
Cold production (SEK) 199,781 167,932
Post season work (SEK) 147,652 134,291
Electricity (SEK) 35,551 45,893
Water (SEK) 34,587 33,485
Operation cooling cost (SEK kWh™) 1.62 1.27

Larsson (2005) predicts that the operation cooling cost in 2004/2005 will be
0.85 SEK kWh™!, and about 0.50 SEK kWh ™! in 2010. Thanks to the commit-
ment of CCV, occurring problems have been solved, necessary reconstructions
have been made and the plant has worked satisfactorily.

21.3. Boundary Conditions for Snow Cooling

The boundary conditions for snow storages on ground are social, political,
economical, environmental, natural and system related.

The usage of snow cooling systems presupposes that the technique is
known. However, the awareness of modern snow and ice cooling systems is
limited to a fairly small number of countries. 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 education
in system construction and design.

The political boundary conditions are connected with financial support,
taxes and regulations and laws. For instance the Kyoto Protocol might be an
incentive to an increased number of snow cooling plants, since they to a large
extent uses renewable energy (Paksoy, 2003).

The economical boundary condition varies largely over the world and
generally depends on cost of land, water, electricity, fuel and labour. Natural
snow is a cost if the snow is collected expressly for cooling but might be
an 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).
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The environmental boundary conditions both concerns chillers and snow
cooling. Reduction of green house gases, elimination of ozone depleting gases,
noise reduction, aesthetic concerns and peak shaving (i.e., reducing electricity
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 (Paksoy, 2003:2). 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, pre-
cipitation, solar radiation, water availability, ground water flow, ground water
level, soil properties and ground water usage. In a snow cooling plant it is
primarily necessary with enough amounts of snow, either natural and/or ar-
tificial. If the amounts of natural snow vary too much 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 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 nor-
mal year and a warm year is double influenced. Natural variations in the
climate must be carefully considered during dimensioning. Furthermore sea-
sonal 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 save water in the pond during a period and use it for snow making
when the temperature is low enough. It is also be possible to reuse water if
pollution problems can be handled.

The ground water flow and level influences both natural melting and suit-
able 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 mi-
grate. 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 about
0 °C at normal conditions why snow cooling for freezing applications are not
directly applicable. It is however possible to run freezers towards melt water
instead of warm air, which is beneficial both since the temperature difference
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between the cold and the warm side decreases and because heat transfer to
a liquid is better than to a gas. It is however necessary with further studies
of chillers to enable condenser temperatures of about 5 °C (Hill, 2004). 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 snow cooling systems
where humidity can be controlled, if air is used as cold carrier.

21.4. Conclusions

In seasonal snow/ice storages frozen water, snow or ice, is stored from winter
to summer, when the cold is extracted. The basic idea is that a cold carrier
(water or air) is cooled by the snow, to utilize the large latent heat of fusion,
and then delivers the cold. The cold carrier is either circulated between the
load and the snow or rejected after it has been used for cooling.

There are a number of suggested and implemented ways to store the
snow/ice. If the snow is stored underground it is not necessary with thermal
insulation. Otherwise a more or less insulated building or insulation directly
on the snow is needed. There are different types of insulations; loose fill,
sheets and superstructures, with different advantages and disadvantages.

Both natural and artificial snow and ice may be used and there is no
size or power limitation for snow cooling systems. Here the main issue is
to have enough amounts of frozen water at low cost why the only relevant
snow/ice distinction is the density. If natural snow or ice is too expensive
or not available in enough quantity, it is possible to produce frozen water.
Artificial snow/ice is made with different types of water sprayers, including
snow blowers (snow guns). The production rate depends on equipment, relative
air humidity, and temperatures of the air and water.

At present (2005) there is one modern Swedish snow cooling plant at the
regional hospital in Sundsvall. It has been in operation for six years, and it
has mostly worked well. The plant is an open shallow pond with water tight
asphalt bottom and larger pieces of wood chips as thermal insulation. The
outlet water is cleaned in some steps, and after cooling the heated melt water
is re-circulated back to and through the snow, where it is cooled again. To keep
a constant water level in the pond some heated water is rejected gradually.
Based upon the experiences from Sundsvall it is estimated that a new large-
scale plant could deliver cold at competitive cost, with a considerably higher
COP.
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There are a number of boundary conditions for snow storages; social,
political, economical, environmental, natural and system related. Except that
the usage of snow cooling systems presupposes that the technique is known
the prerequisite as financial support, taxes, regulations and laws are impor-
tant. The relevant economical boundary conditions are cost of land, frozen
water, electricity, fuel and labor. The environmental boundary conditions con-
cerns reduction of green house gases, elimination of ozone depleting gases,
noise reduction, aesthetic concerns, peak shaving, snow pollutions, noise from
snow making, transports and land/ground usage. Two other important con-
ditions concern the climate, both for receiving snow/ice and cooling needs,
and ground conditions. The water availability is important if artificial snow
is used. There are however possibilities to save and reuse water. The system
related boundary conditions concerns load characteristics and needed energy,
temperature and humidity.
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