
Laboratory Investigation of Different Insulating
Materials Used for Snow Storage

Nina Lintzén, Ph.D.1; Jonas Danvind, Ph.D.2; Erik Melin Söderström3; Kajsa Nilsson4; and Per Skoglund5

Abstract: Storage of snow has become of increasing interest for the winter business industry. Covering a pile of snow with an insulating
material protects the snow from heat transfer from the surroundings and reduces the melting. Storing snow enables ski resorts to set an
opening date, and it can also be used to secure winter sports events that are dependent on snow. Cover materials that are commonly used
as insulation are wood-based materials, such as sawdust, and textile materials and sheets. How efficiently a cover material functions as
thermal insulation depends on the material characteristics and thickness of the insulating layer. In this study, results from a laboratory experi-
ment are presented, which aimed at comparing different commonly used cover materials, as well as some other materials that have not
previously been used as thermal insulation on snow. Different layer thicknesses were also investigated. The results show that the insulating
capacity of sawdust is reduced with time. Despite degrading insulating properties with time, sawdust is still considered one of the best
materials to use as insulation on snow, and it is also more efficient than the textile materials investigated in this study. Doubling the textile
layers or adding a three-dimensional (3D) spacer textile, which implies adding a layer of air between the textile and the snow, reduces the
snow melting. Water absorption, water transport, and evaporation of water affect the melting. In this work, evaporative cooling did not prove
to reduce melting; therefore, it was not evident whether a textile material should be permeable. An interesting material used in the study was
Quartzene, which absorbed all the melt water and protected the snow most efficiently of the materials tested. DOI: 10.1061/(ASCE)
CR.1943-5495.0000194. © 2019 American Society of Civil Engineers.
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Introduction

Global warming has become an issue for the winter business indus-
try and winter tourism (Breiling and Charamza 1999; Marty et al.
2017; Schmucki et al. 2017; and others). The winters have become
warmer and shorter, with less snow on the ground and often a later
arrival of natural snow early in the season. Ski resorts generally
increase their snow production capacity in order to handle the lack
of natural snow (Stieger 2012). However, the most common meth-
ods to produce snow require temperatures below 0°C. Storage of
snow has therefore become of increasing interest for the winter
business industry as an alternative and complement to snow
production early in the season. Snow storage means that snow from
the winter is stored during the summer, using an affordable cover
material with relevant physical properties in order to minimize the

melting. Storing snow enables ski resorts to set an opening date and
secure events that are dependent on snow, such as skiing compet-
itions. One example is the biathlon world cup in Östersund,
Sweden, where stored snow has been used since 2006 in order to
secure the event and guarantee ski tracks for the athletes (Tidig och
säker snö 2007).

Storing snow can be done indoors in a thermally insulated build-
ing; underground in a cavern, in which case no insulation is nec-
essary, or on the ground in open ponds or pits insulated with a cover
material (Nordell and Skogsberg 2007). Storing snow for winter
events is generally done as open pits, where a pile of snow is placed
on the ground covered with an insulating material (Nordell and
Skogsberg 2007; Lintzén 2016). This has become common, espe-
cially for cross-country skiing in Scandinavia, where a number of
resorts are storing snow. Organic materials such as bark, sawdust,
and different types of wood chips are commonly used as insulation.
These materials demand a lot of handling when applied. Plastic
sheets, filled tarpaulins (e.g., with straw), geotextile sheets, alumi-
num folio, and felts can also be used as insulation (Lintzén 2016).
Wood-based materials are beneficial in some places but deteriorate
with time and must therefore be replaced after some years. Adding
some new material is also done to maintain sufficient insulating
properties before all the material is replaced. Sheets may have a
longer lifetime and are in some cases more convenient to use than
wood-based materials. Geotextile sheets have, for example, been
used for protection of snow and ice at glacier ski resorts (Olefs
and Fischer 2008; Olefs and Lehning 2010).

The cover material used as insulation on a snow depot reduces
the heat transfer from the surrounding air to the snow. The heat
transfer to the snow in insulated snow storage is controlled by latent
and sensible heat fluxes (air temperature, humidity, precipitation,
wind, surface roughness), radiative heat transfer (incoming long-
wave radiation, shortwave radiation, and the amount of radiation
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reflected by the surface), heat transfer from the ground, and the
insulating and optical properties of the cover material (such as
thickness and thermal conductivity). Furthermore, the surface area,
temperature gradient between the surface and surroundings, and
water transport from snow storage also influence the heat transfer
and melting of snow (Skogsberg and Lundberg 2005; Lintzén
2016; and others). The climate at the place of storage influences
most the available source of energy for melting, according to
Grünewald et al. (2018). Results have shown that geotextile
sheets reflect a large part of the shortwave radiation, which thus
contributes to reducing snow ablation (Olefs and Fischer 2008).
Furthermore, the thickness of the cover layer plays an important
role because a thicker layer implies a smaller temperature gradient
and thus a reduced heat flux into the snow (Grünewald et al. 2018).
Mass transfer of rainwater, snow, or vapor also influences heat
transfer. Skogsberg (2005) showed that the evaporative cooling in-
fluences the energy balance. Evaporation of water requires energy
and cools the surface of the cover material, which thus reduces the
melting (Skogsberg and Lundberg 2005). Therefore, a hypothesis is
that a cover material with good evaporative properties is beneficial.

Previous studies have shown that wood-based materials are
efficient as thermal insulation on snow, if the thickness of the in-
sulating layer is large enough (Skogsberg 2005; Lintzén 2016;
Grünewald et al. 2018). Skogsberg (2005) reported that the melt
rate in an insulated snow depot can be reduced by 70%–85% de-
pending on the thickness of the cover layer. Results from practical
observations of different snow storages with various cover materi-
als showed that the estimated melted volume of snow is usually
between 15% and 30% (Lintzén 2016). Furthermore, there seems
to be a relation between the initial and melted volume. The larger
the initial amount of snow, the higher percentage of snow is main-
tained after the storage period. This is most likely a result of the
relation between the surface areas versus volume, where larger piles
of snow have a relatively smaller ratio.

The efficiency of the cover material is strongly dependent on
the material characteristics (Olefs and Fischer 2008). In addition to
thickness, permeability, surface roughness, and radiative and ther-
mal characteristics are also mentioned as significant properties. In
this trial, materials with different characteristics were used, but they
were not quantitatively characterized.

There is a lack of knowledge and understanding of the physical
processes involved when different cover materials are used as
insulation on snow. Neither have different materials been thoroughly

compared in equally performed tests. A limited laboratory experi-
ment was therefore designed in order to investigate and compare
the efficiency of different cover materials as thermal insulation
on snow.

This paper presents results from the experimental study where
the aims were to determine the melt rate of snow and the amount
of evaporation using different cover materials. In addition to wood-
based materials, which are commonly used for snow storage,
some textiles were also used in the experiments. Furthermore,
Quartzene, which is a material known to have very good insulating
properties, was used in the tests. Because age and thickness of
wood-based materials are known to influence the insulating capac-
ity (e.g., Skogsberg 2005; Lintzén 2016; Grünewald et al. 2018),
these factors were also investigated in the experimental test. Piles of
snow were placed at room temperature, and the melt rate, temper-
ature change in the snow, humidity in the insulating layer, room
temperature, and humidity in the room were recorded.

A purpose of this study, in addition to comparing different
cover materials, was to contribute to the understanding of physical
processes related to the energy balance in an insulated snow depot.
Furthermore, this study contributes to increased knowledge about
important material properties needed for a cover material to be
efficient as thermal insulation on snow.

Materials and Method

Cover Materials and Test Sessions

A laboratory experiment was designed where piles of snow of the
same dimensions and volume were insulated with different cover
materials. The cover materials used in the tests are shown in Table 1.
Organic materials used were sawdust of different age and thickness
originating from coniferous trees (Picea abies and Pinus sylvest-
ris), wood chips, and hay ensilage. Quartzene is a lightweight
material with high porosity, which is known to have very good in-
sulating properties (Aerogel 2016). This material was used in the
test both as granules and powder. The textiles and sheets used in the
test were Geosyntia Coverice 500 (Edilfloor, Sandrigo VI, Italy),
a textile membrane, galon, fleece, and a three-dimensional (3D)
spacer textile. Geosyntia Coverice 500 is a nonwoven textile, cur-
rently used to cover glaciers at high altitude (Geosyntia 2015). The
Geosyntia textile used in this test had a thickness of approximately

Table 1. Test sessions showing the different cover materials used and age, thickness, and volume of the materials

Cover material Age Thickness Volume (dm3)

Sawdust New 100 mm 40
Sawdust 2 years 100 mm 40
Sawdust 7 and 8 years 100 mm 40
Sawdust 2 years 50 mm 32.5
Sawdust 2 years 150 mm 70
Wood chips New 100 mm 40
Hay ensilage Used 100 mm 40
Geosyntia Coverice 500 Used 1 layer, approximately 4 mm
Geosyntia Coverice 500 Used 2 layers, approximately 4 mm
Membrane New 1 layer, approximately 1 mm
Membrane + 3D spacer textile New 1 + 1 layer, approximately 11 mm
Galon New 1 layer, approximately 0.5 mm
Galon + 3D spacer textile New 1 layer, approximately 4 mm
Fleece New 1 layer, approximately 4 mm
Fleece + 3D spacer textile New 1 + 1 layer, approximately 4 mm
Quartzene Z1 Hydrophilic powder New 100 mm 40
Quartzene Z1 Hydrophilic granules New 100 mm 40

© ASCE 04019012-2 J. Cold Reg. Eng.
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4 mm. The textile membrane consisted of a three-layer laminate
that has an outer surface of water-resistant polyamide, a porous
waterproof and vapor-transmitting cloth in the middle, and a base
surface of polyester. The thickness of the textile membrane was
<1 mm. Galon is a polyvinylchloride-coated cloth that is thin
(<0.5 mm) and waterproof. The fleece material was also a three-
layer laminate, where the outer cloth consisted of water-resistant
polyester weft knit, the material in the middle was a hydrofilt poly-
urethane (PU) membrane that was waterproof but vapor transmit-
ting, and the base layer was a polyester fleece. The thickness of the
fleece textile was 2 mm. A 3D spacer textile with a thickness of
10 mm (see Fig. 1) was used combined with the textile cloths
in some experiments. Adding the 3D spacer textiles implies adding
a layer of air, which is believed to improve the insulating properties.
All test sessions, with the different insulating materials and differ-
ent thicknesses, are presented in Table 1. One test session each was
carried out for each of the alternatives presented in the table.

Snow, Test Setup, and Data Collection

The snow used for the experimental tests was machine-made snow
produced at the ski stadium in Östersund, Sweden. The snow had
been stored during the summer in a pile insulated with sawdust. The
snow was brought to the laboratory when the pile was uncovered in
November and stored in a freezer at a temperature of −18°C until it
was used for testing.

Test samples were created using a half-spherical mold with a
volume of 15 l. The diameter of each sample was 400 mm and
the height was 140 mm. The density of the snow was about
590 kg=m3.

Test rigs were designed where the snow sample was placed on
an inclined plane made of Styrofoam, according to Fig. 2. A con-
tainer was placed beneath the plane in which the melted snow was
collected. The inlet to the container was a narrow slot to reduce
evaporation from the container. The dimensions of the plane were
600 × 1,200 mm, and the angle of inclination was 9°.

Two thermocouples were used to register the temperature in the
snow and insulating material; see Fig. 3. One thermocouple was
placed at a depth of 60 mm in the snow sample. The other was
placed in the middle of the cover material or, for the textile sheets,
underneath the sheet in close proximity to the snow surface.

The amount of cover material needed for each test pile was
calculated by making a 3D-model of the snow mold in SolidWorks,
then making an appropriate-sized offset (corresponding to thick-
ness) and measuring the volume of the offset.

After producing the snow sample, it was immediately covered
with the selected insulating material, whereupon the test session
started. The test sessions were carried out at room temperature
(22.1°C–24.5°C with an average room temperature of 22.8°C),
and each test was in progress for approximately 48 h. The tests
were terminated after 48 h. The data collected for each test are
summarized subsequently:
• Start time.
• End time.
• Temperature of the snow over time, 30 s measurement intervals.
• Temperature of the cover material over time, 30 s measurement

intervals.
• Temperature in the room, 30 s measurement intervals.
• Humidity in the room, 30 s measurement intervals.
• Dew point in the room, 30 s measurement intervals.
• Pretest: Weight and volume of the snow before the test.
• Pretest: Weight and volume of the cover material before the test.
• Pretest: Weight of the test rig.
• End of test: Weight of the snow after the test.
• End of test: Weight of the cover material after the test.
• End of test: Weight of the melted snow.
• Moisture ratios were determined at the top, in the middle, and at

the bottom of the wood-based cover materials, as well as close to
the snow surface. Test samples with a thickness of about 1 cm
were taken out for these measurements.

• Visual inspections.
A scale (Mettler Toledo AL204, Mettler Toledo, Stockholm,

Sweden) with resolution 1 mg was used to determine the moisture
content of the wood-based materials, hay ensilage, and Quartzene.
Another scale (Velleman VTBAL 29, Velleman, Gavere, Belgium)
with resolution 5 g was used for weighing the test rig and its
components. A 12-channel temperature data logger was used to
measure the temperature of the snow and the cover materials at po-
sitions according to the previous. A temperature and humidity log-
ger was used for determining these properties in the room where the
tests were carried out. A dehumidifier was used in the room to keep
the humidity more stable.

Fig. 1. Three-dimensional spacer textile with 10 mm thickness used in
the experimental tests.

Fig. 2. Overviews of the test setup. The snow sample was placed on an
inclined plane made of Styrofoam. A container was placed beneath the
plane in which melted snow was collected.

Fig. 3. Cross-section view of the snow pile and cover material.
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Investigated Parameters

The amount of snow that melted during each test was calculated as
the weight difference of the snow sample before and after the test.

The weight of melted snow collected in the container was
measured, as well as the amount of water absorbed by the cover
material. Evaporated water was then calculated by subtracting the
weight of melted snow, the weight of water in the cover material,
and the weight of the remaining amount of snow from the initial
weight of the snow sample. The amount of absorbed water in the
cover materials was determined by weighing the cover materials
before and after each test. Hence, the absorbed water was the
sum of the absorbed water to and evaporated water from the cover
material.

The moisture contents in the wood-based cover material were
determined as mass percentage of water in relation to the mass
of dry wood. This was done by using a slightly modified method
compared to methods commonly used for wood, where the material
is dried at 103°C for 24 h and the dry weight is recorded. In this
study, the material was placed in open plastic containers during
weighing and drying in a vacuum and low-pressure oven. Because
the plastic did not withstand 103°C, the temperature was lowered to
75°C simultaneously as the boiling point was lowered, by reducing
the pressure in the oven. The samples were kept in the oven until no
reduction in weight occurred, and then the dry mass was measured.

The melting rate of snow was calculated based on measured
mass changes of snow in relation to the total time of melting. This
is believed to be a better approach than determining melting rate
based on volume of snow and a fixed density because the snow
likely is compressed during the tests.

The power for heating the snow sample to 0°C, melting the
snow, and evaporating water was also calculated.

The power for heating the snow to 0°C per m2 of surface area,
P0 (W=m2), was calculated according to Eq. (1)

P0 ¼
m0 � csnow � ð−TÞ

A � tmelt
ð1Þ

where m0 = initial mass of the snow sample; csnow = heat capacity
of snow [2,090 J=ðkg°CÞ]; T = initial snow temperature (°C);
A = surface area (m2) of the snow sample; and tmelt = melting time
for the snow (s).

The power for melting snow, Pmelt (W=m2), was calculated as

Pmelt ¼
ðΔQ
Δt Þ
A

ð2Þ

where

ΔQ
Δt

¼ ðm0 −mafterÞ �Hsnow

tmelt
ð3Þ

where Hsnow = melt heat for snow, that is, 334,000 J=kg.
The mass of the snow sample after the test is denoted mafter.
The power for evaporation Pevap (W=m2) was calculated as the

ratio of the energy required to evaporate waterQevap and the surface
area, that is

Pevap ¼
Qevap

A
ð4Þ

Q̇evap ¼ ṁevapHevap ð5Þ

where ṁevap = rate of evaporation of water (kg=s); and Hevap = heat
for evaporation, 2,260 J=kg.

Results

The temperature, relative humidity, and dew point in the room
where the tests were performed were registered. These data are
not presented in detail over time because the variations were small.
The temperature ranged between 22.5°C and 24°C. The relative
humidity was between about 28% and 36% during the first set
of tests, 24% and 31% during the second set of tests, and 25%
and 31% during the third set of tests. The dew point was about
2°C–5°C during the second and third set of tests and slightly higher,
about 3°C–7°C, during the first set of tests.

Remaining Amounts of Snow

An overview of the test results showing the remaining amounts
of snow as a percentage of the initial weight is shown in Fig. 4.
Quartzene and the wood-based materials were more efficient insu-
lating materials than all the tested textiles. Approximately 70% of
the initial amount of snow remained after the test period for the two
different Quartzene types used, as compared to sawdust, which was
the second-best material used in this test, where the remaining
amount of snow was about 60%. Comparing the natural insulating
materials, sawdust, wood chips, and hay ensilage with layer thick-
ness 100 mm, clearly shows that sawdust is the most efficient of
these materials as thermal insulation on snow for this constant layer
thickness. Wood chips were a poorer insulating material than saw-
dust but still better than the textiles, whereas hay ensilage was a
very poor insulating material.

The results from the tests with sawdust of different ages clearly
show that thermal insulating capacity is reduced with older material.
The results from the test with different thicknesses of the insulating
layers using 2-year-old sawdust showed that a 150-mm-thick layer
was most efficient; however, the 50-mm-thick layer was better than
the 100-mm-thick layer. Thus, no clear conclusions regarding the
layer thickness of sawdust can be drawn from these tests.

The results from the tests where different insulating materials,
all with a layer thickness of 100 mm, were investigated shows that
the remaining amount of snow was higher for Quartzene than for
the commonly used natural materials sawdust and woodchips. The
results also indicate that wood chips are less efficient as thermal
insulation than sawdust. Hay ensilage is, according to the results,
a poor insulating material.

The different textile sheets and cloths used in the tests were
poorer insulating materials than Quartzene and sawdust, as shown
in Fig. 4. However, an additional insulating layer or adding a net
improved the insulating properties.

The melt rate of snow for the reference pile without cover
was 1.74 kg=m2h, which can be compared to values between
0.29 kg=m2h (Quartzene powder) and 0.97 kg=m2h (textile galon)
for the insulated piles in the test.

Absorption of Water in the Cover Materials, Moisture
Content, and Evaporation

The water absorbed by the cover materials as a percentage of the
total weight of melted snow was calculated. The amount of ab-
sorbed water was 77% for the Quartzene powder and 94% for
the granules. The remaining amount of water for Quartzene (pow-
der and granules) was assumed to be evaporated because there was
no melt water in the containers beneath the inclined plane. The
amount of water in the textile materials was very low, <1% for
all the tests because the textile mass was very low in comparison
to the mass of melted snow. The 2-year-old sawdust and wood
chips dried during the test, so the initial water content was higher
than the water content after the tests. The new sawdust and the

© ASCE 04019012-4 J. Cold Reg. Eng.
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7-year-old and 8-year old sawdust absorbed about 5% and 27%,
respectively, of the melted snow.

Results from measurements of moisture content near the snow
in the middle of the insulating layer and near the surface in the
wood-based cover materials with 100 mm thickness are shown
in Fig. 5. The moisture content increased near the snow for all
materials, with the highest increase in the new sawdust. All mate-
rials exhibited surface drying, whereas the moisture content in the
middle of the materials either increased or decreased; see Fig. 5.
Furthermore, water transport from the snow to the surroundings
was present in these trials, but the dynamical behavior was not cap-
tured by these before and after results.

The evaporated water as a percentage of the mass of melted
snow is shown in Fig. 6, along with the amount of melted snow
as a percentage of the total initial mass of snow.

Power for Melting Snow and Evaporation

The power for heating the snow to 0°C, melting the snow, and
evaporating water from the surface was calculated as an average
over the time for the test period, as shown in Fig. 7. In the first
phases of the tests, the snow samples were heated until they reached
a temperature of near 0°C throughout the sample. Then water
started to melt, and can stay in the pores between the snow grains
due to surface tension and other intramolecular forces and bonding.
When a saturation level is reached, the water leaks out from the
snow sample. In this investigation, the melted snow that was accu-
mulated in the snow sample was not taken into account in the
energy calculations. Instead, it was considered to remain as snow
until leaking out as water.

The power needed for heating the snow, as an average over the
entire melting period, was approximately 10 W for all samples.
The power for melting the snow was between 30 and 160 W, with
the lowest values for Quartzene. The power for evaporation of
water varied from 0 to 100 W; see Fig. 7.

Discussion

In this indoor trial, the specific surface area SSA (SSA ¼ Area=
Volume) of the snow piles was high (12.5) in comparison to a
larger pile of snow for outdoor snow storage, which has a specific
surface area of about 0.3 (Grünewald et al. 2018). The melt rate in
percent of the total snow mass is therefore high compared to large-
scale outdoor snow storage. Lintzén (2016) showed that there
seems to be a relation between the initial amount of snow and
melted volume, where the melted volume decreases exponentially
with increased initial volume of snow. The heat transfer to the snow
is also controlled by the surface area, the temperature gradient be-
tween the surface and the surroundings, the wind velocity, and en-
ergy transferred through radiation. Heat transfer to the snow can be
reduced by using insulating materials and a proper storage place.

The melt rate in these tests was dependent on the thickness of
the cover layer, which was expected. Adding an additional layer of
Geosyntia, or adding the 3D spacer textile, improved the insulating
capacity. The thermal conductivity for air is lower than for the in-
sulating materials, so the layer of air also contributes to insulation.
Two layers of Geosyntia increased the remaining amount of snow
from 16% to 32%; that is, doubling the number of layers doubled
the mass of remaining snow. Olefs and Fischer (2008) found that

Fig. 4. Remaining amount of snow as a percentage of the initial weight after 48 h for all performed tests.
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the performance of a geotextile cover material used for protecting
snow at a glacier increased by 10% if the thickness was doubled;
however, a triple thickness did not yield any further effects on
ablation reduction. When the 3D spacer textile was added below

the fleece and galon, the total amount of melted snow was reduced
by 9% and 12%, respectively. For the textile membrane, the
insulating capacity was only slightly better with the 3D spacer
textile.

Fig. 6. Amount of evaporated water and melted snow for all performed tests.

Fig. 5. Moisture content distribution in the wood-based cover materials with a thickness of 100 mm, before (called initial) and after the test.
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A clear trend of increased insulating properties with in-
creased layer thickness could not be observed for the 2-year-old
sawdust. A threefold thickness (from 50 to 150 mm) increased
the remaining amount of snow from 57% to 62%. However, the
50-mm-thick layer actually appeared to be more efficient than
the 100-mm-thick layer with respect to the amount of remaining
snow after the test session. However, the 2-year-old sawdust used
for these experimental tests had the highest initial moisture content
of the sawdust materials tested, which might have influenced
the results, as will be discussed subsequently. The rather small dif-
ferences between the three-layer thicknesses used in this experi-
mental test might differ from results on outdoor snow storage,
where, in general, 5,000–30,000 m3 of snow is stored and insulated
with a 30–50-cm-thick layer (Lintzén 2016).

The importance of a sufficient layer thickness on insu-
lated piles of snow has been pointed out in previous studies
(e.g., Skogsberg and Lundberg 2005; Lintzén 2016; Grünewald
et al. 2018; and others). Grünewald et al. (2018) used a simula-
tion model called SNOWPACK to estimate the melting of snow
for insulted snow depots. From the simulations, it was evident that
the layer thickness of sawdust had a large influence on the melt rate.
The thicker the cover layer, the smaller the temperature gradient
and the heat flux into the snow (Grünewald et al. 2018). However,
at thicknesses above 30–40 cm, no significant improvement in in-
sulating capacity was observed with further increased thickness
of the cover layer, according to their simulations. This is explained
by decreased temperature gradients between the snow surface
and atmosphere. Grünewald et al. (2018) pointed out that once
the layer thickness is large enough, temperature gradients further
down in the material are no longer affected by daily changes in air
temperature.

A hypothesis was that a cover material with good evaporative
properties is presumably beneficial. Evaporation of water from the
surface of a snow pile uses the heat of vaporization, which con-
sumes energy, and thereby the surface is somewhat cooled. There-
fore, it may be beneficial if the melted snow is also evaporated
before it is transferred from the pile of snow. The rate of evapora-
tion from a free water surface is nearly in equilibrium with the heat
that is possible to transfer to the surface. There is a similar behavior
for porous materials with nonbound water near the surface, for ex-
ample, in wood (Wiberg and Moreén 1999). As long as there is
nonbound water present to evaporate (by heat transfer) and the sur-
rounding air is dry enough to accumulate more vapor, the surface
temperature will not rise.

In cover materials with a capillary network present, there is an
evaporation front, which moves from the snow toward the surface
of the cover material. The temperature gradient between the snow
and evaporation front will be lower because of evaporative cooling.
In the layer above the evaporation front, there will be a large tem-
perature gradient even though the insulation thickness is deep. In
order to model the heat transfer system better, the evaporation pro-
cess in the cover material needs to be further studied.

From this investigation with different types of sawdust, it could
initially be expected that the pile covered with 2-year-old sawdust
with an initial moisture content of 145% should have a lower snow-
melt than the new sawdust with an initial moisture content of 94%
because of the evaporative effect. However, the materials had an
almost equal performance of insulation. All wood-based materials
dried at the surface during the test and therefore experienced some
cooling due to vaporization. The trial setup in this investigation was
too simple to investigate this in depth, though. There was a lack of
spatial and timing resolution to determine moisture and temperature

Fig. 7. Power for heating the snow to 0°C, melting the snow, and evaporating water from the surface, calculated as an average over the time for
the test period.
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distribution throughout the experiments, both in the snow and cover
materials, as well as near the boundary layer and in the surround-
ing air.

Geosyntia Coverice had a very low evaporation in comparison
to sawdust. It is therefore assumed that the moisture content in the
textile was low throughout the test and that the material acted as a
barrier for water transport. It is uncertain to draw conclusions from
only these limited trial experiments, though. However, when it
comes to evaporative cooling, it does not seem to be a very important
factor for the overall insulating properties in the performed tests.

The textile membrane had many times higher power for evapo-
ration (and thereby higher evaporative cooling) than the galon
(Fig. 7); still, they both had a similar mass of remaining snow. This
does not support the hypothesis that a cover material with good
evaporative properties is assumed to be beneficial. The differences
in insulating properties were not taken into account in this discus-
sion, though. This indicates that only having evaporative cooling
and low insulation (as for the textile membrane) does not give better
results than using a less permeable material with low thickness. The
role of evaporative cooling should not be exaggerated for thin cover
materials, such as textiles and sheets.

The fleece material had low evaporation in comparison to the
textile membrane, which was somewhat unexpected. This might
be due to pores in the textile membrane that are favorable for vapor
transport and hinder the passage of liquid water. If this is the case
for textiles, in general, it is possible that fleece liner clothing hin-
ders vapor transport more than a shell material, which is a subject
for future studies. However, the fleece material (with a base layer of
polyester fleece) also had a hydrofilt PU membrane in the middle,
but a water-resistant polyester weft knit at the surface. According to
Olefs and Fischer (2008), an impermeable material leads to the for-
mation of “bathtubs” that impairs the protection of the snow,
whereas a permeable material does not protect the snow from rain.
Thus, they suggest a semipermeable material, for example, a geo-
textile, as a good compromise.

Results from tests by Skogsberg and Lundberg (2005) showed
that evaporative cooling had a significant influence on the melt rate,
although no difference was observed when the insulating material
was watered. A wet surface has higher evaporative cooling, even
though this is counteracted to some extent by increased thermal
conductivity to the wet surface.

The thermal conductivity of a porous material depends on the
porosity, which also influences the insulating properties. The old
sawdust insulated the snow less efficiently than the new sawdust,
which might be due to a higher porosity of newer sawdust. An es-
timation of porosity showed that the 7-year-old and 8-year-old saw-
dust had a porosity of 84%, and the newer sawdust had a porosity of
about 92%. Furthermore, water transport was favored by the higher
porosity in the new sawdust. The age of sawdust is probably not the
relevant factor to use, though, because it is not directly coupled to
biodeterioration, which is strongly correlated to the moisture con-
tent in the material and also to the density and thus also the porosity.
Keeping biomaterials dry is beneficial from a biodeterioration per-
spective to keep the air voids both for insulation and for water trans-
port. Based on the results in these tests, it seems to be favorable to
increase the insulation of dry material and air voids because adding
the 3D spacer textile also improved the insulation.

The moisture content is believed to affect the insulating proper-
ties. As shown in Fig. 5, the moisture content varied through the
layer for the wood-based cover materials. The softwoods within the
wood chips had a porosity of approximately 70%; hence, there are
more pores than solid wood, and therefore the moisture content,
based on the water to dry solid wood ratio, can exceed 100%. It
was also observed that all materials dried at the surface during

the test period. A clear correlation between melting rate and initial
moisture content in the wood-based materials could not be ob-
served in this study. The final moisture contents, sampled from
the three different positions according to Fig. 5, were also a sim-
plification of reality. If there is a capillary network in the sawdust
samples at the end of the test period, it is likely that there should
have been a high moisture content plateau near the snow and a
strong decline in moisture content near the surface. Wiberg and
Moreén (1999) showed a similar phenomenon of a capillary plateau
and so-called receding front near the surface in drying solid wood.
However, in this study, there was both wetting from the interior and
drying at the surface, neither was the wood solid. The 2-year–old
sawdust and the wood chips showed tendencies of plateau behavior
and a lower moisture content near the surface (Fig. 5). The spatial
accuracy in moisture content determinations needs to be improved
in future investigations for further heat and mass transfer modeling.
Because of the thin layers of the textiles, it is less important to know
the exact moisture content because this represents just a minor
portion of the mass in the heat and mass transfer balance. The heat
and mass transfer transport properties of textiles are of higher
importance.

The total power (for heating the snow to 0°C, melting the snow,
and evaporating water) was 111 and 104 W=m2, respectively, for
new and 7-year-old and 8-year old sawdust, as shown in Fig. 7. The
power for evaporation for these materials was about 61 and
37 W=m2, and the power of melting about 40 and 57 W=m2.
Hence, the new sawdust used 24 W=m2 more for evaporation
and 17 W=m2 less for melting than 7-year-old and 8-year-old saw-
dust. These amounts are more in parity to each other than for
Quartzene powder and granules, which supports the idea of higher
evaporative cooling for new sawdust leading to a larger amount of
remaining snow (61% versus 44%, according to Fig. 4). Better
capillary transport to the evaporation front may be a factor for im-
proved evaporative cooling.

Analyzing the 2-year-old sawdust in Figs. 5 and 7 in a similar
way raises questions. The remaining amount of snow was 55%
(6% less than for new sawdust), and the power for evaporation
was 98 W=m2 (61 W=m2 for new sawdust); that is, even though
the evaporation was higher, there was still less snow left after the
test. This might be related to the position of the evaporation front,
being closer to the surface (Fig. 5), resulting in a smaller, drier,
and more insulating zone between the surface and the evaporation
front, which in turn leads to higher heat transfer and evaporation
(and melting) compared to new sawdust. These findings highlight
the need for improved measurements in space and time and are a
topic for further studies in future investigations.

Conclusions

In this laboratory study, it was found that the most efficient material
as thermal insulation of snow, of the ones tested, was Quartzene,
both in the form of granules and powder. The ability to use the
material for full-scale outdoor snow storage if it is reusable and
affordable needs further investigation, though.

Sawdust, which beforehand was known to be an efficient insu-
lating material, proved to be good and the second-best material in
this test. The insulating properties of sawdust degrade with time,
but if it could be kept dry, the lifetime will increase and so will
the insulating properties. Sawdust can be used for several years
and is considered rather economical and easy to handle. The water
transport and evaporative properties were better for new sawdust,
which thus contributed to cooling the snow. The brighter color of
new sawdust further leads to increased reflection on shortwave
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radiation. Woodchips demonstrated poorer insulating properties
compared to sawdust. Hay ensilage did not work sufficiently
and is not recommended as thermal insulation on snow.

The performance of the textile materials was not as good as that
of wood-based materials and Quartzene. Among the textiles tested,
the best material was Geosyntia Coverice 500. Doubling the layer
thickness improved the insulating capacity and reduced the snow
melting. Adding an air layer between the textile sheet and the snow,
in the present tests by using a 3D spacer textile, further reduced the
melting.

Considering the purpose of this work concerning contributing to
further knowledge of physical processes and materials for insula-
tion of snow, it was seen that mass transport in the material, mois-
ture gradients, and heat and mass balance at the surface should be
investigated thoroughly. The location of the evaporation front in
wood-based cover materials seems to influence the results. In ad-
dition, permeable materials were not the obvious choice of surface
layer. Based on the results in this study, it seems to be unnecessary
to use a textile membrane as a top layer because it does not seem to
decrease the melt rate, although it increases the evaporation from
the surface.
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