
Solar Energy 224 (2021) 35–42

Available online 5 June 2021
0038-092X/© 2021 The Authors. Published by Elsevier Ltd on behalf of International Solar Energy Society. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Polar solar power plants – Investigating the potential and the 
design challenges 

Iver Frimannslund a,*, Thomas Thiis a, Arne Aalberg b, Bjørn Thorud c 

a Norwegian University of Life Sciences, Department of Building- and Environmental Technology, NO-1432 Ås, Norway 
b University Centre in Svalbard, Department of Arctic Technology, NO-9171 Longyearbyen, Svalbard and Jan Mayen 
c Multiconsult ASA, Department of Solar, Smart-grid and Storage, NO-0276 Oslo, Norway   

A R T I C L E  I N F O   

Keywords: 
Snow 
Energy yield 
Bifacial 
Module temperature 
Snowdrifts 
Snow fence 

A B S T R A C T   

The potential for power production and the climatic effects imposed on ground mounted solar power plants in 
Polar climates are scarcely documented and limit the use of solar power in Polar regions. The study investigates 
the potential and the design challenges of Polar solar power plants through field measurements of a small-scale 
solar power plant with modules facing both sky and ground in Adventdalen, Svalbard. The climate is charac
terized by significant horizontal redistribution of snow due to little shelter and strong winds, causing snowdrifts 
to develop in the aerodynamic shade of the PV arrays. In this study we show that snowdrifts pose a significant 
challenge for solar power plants in Polar climates as they can grow to cover the plant, resulting in reduced power 
production and an imposed mechanical load on the PV arrays. The snowdrifts produced by the PV arrays exhibit 
a similarity with that produced by porous snow fences and it is argued that snow fence theory can be applied to 
PV arrays to control the accumulation. The results from solar power production indicates that the module yield is 
enhanced by the low temperatures as a seasonal performance ratio of 92.5% in combination with below-STC 
backsheet temperatures are measured. The bifacial gain displays a strong seasonal variation due to the pres
ence snow cover and averages 14.7% annually. The findings indicate that the Polar climate enhance the module 
performance and that an adaption of solar power plant design is necessary for the system to be resilient to 
snowdrift development.   

1. Introduction 

In the past, the use large-scale solar power plants have been limited 
to climates defined by an abundance of irradiance often referred to as 
the “Sunbelt” (Wang, 2019). As the prices for solar power have 
decreased, solar power is becoming competitive also at higher latitudes. 
The dispersion of large-scale solar power plants has continued past the 
Sunbelt, and in the future, the decrease of solar power price is expected 
to continue, potentially further increasing the competitiveness of the 
technology (ITRPV, 2020). 

The competitiveness of solar power at higher latitudes is not only 
hinged upon decreased production costs, but also at the performance of 
solar modules due to the characteristics of high latitude climates. A 
favourable characteristic is the influence of temperature on solar cell 
efficiency (Duffie & Beckman, 2013). A decrease in cell temperature 
increases the solar cell voltage and slightly decreases the current, but the 
net outcome is an increased power output of approximately 0.35–0.5% 
per kelvin. The performance ratio describes the power output of a solar 

system compared to the power produced in Standard Test Conditions 
(STC) and is a measure of the efficiency of the system. In general it is 
found that the performance ratio increases with latitude due to the in
fluence of temperature dependency on solar cells (Bayrakci et al., 2014). 

Additionally, the reflected irradiance due to the high albedo of snow 
can increase the irradiance collected by a solar module. Bifacial solar 
modules produce power from the irradiance received on both sides of 
the module and can significantly increase the power output of solar 
modules in high-albedo climates (Guerrero-Lemus et al., 2016; Sun 
et al., 2017; Wittmer & Mermoud, 2018). To describe the net surplus of 
produced energy from a bifacial module, the bifacial gain (also referred 
to as “the gain efficiency product”) is a factor calculated as the increased 
power output of a bifacial module compared to a monofacial module 
with the same configuration (Guerrero-Lemus et al., 2016). Schmid and 
Reise (2015) used numerical simulations to investigate the bifacial gain 
for various configuration and albedo values and found a variation from 5 
to 24% annually. The combination of low temperatures and ground 
reflected irradiance increases the performance of solar power 
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normalized to the incoming global horizontal irradiance (Dubey et al., 
2013; Sun et al., 2017; Wang, 2019). 

Solar power production can thus be more effective in Polar regions 
and several studies also indicate that there is a market for solar power in 
the Arctic and the Antarctic. Polar settlements which rely on fossil fuels 
as the main energy supply are documented to have high fuel cost due to 
the transportation of the fuel to the remote settlements (Nazarova et al., 
2019; Tin et al., 2010). The Russian Government has declared that the 
high dependence on imported fossil fuels, high energy intensity and high 
levelized cost of electricity are problematic areas of the development in 
the Arctic (Nazarova et al., 2019). Similarly, research stations in 
Antarctica experience the same challenges as fuel is commonly shipped 
by boat from the mainland and then by overland vehicles for inland 
stations (Tin et al., 2010). In a case study of a solar power plant “fuel 
saver” for the Troll research station in Antarctica, it was estimated that a 
solar power plant covering 50% of the consumption has a Return-On- 
Investment of 6 years due to a 50% reduction of the LCOE (S. Merlet, 
2016). Reduced solar irradiation in the Polar regions as compared to the 
“Sunbelt” region is thus compensated by increased efficiency resulting 
from low temperatures and high albedo. The competitiveness of solar PV 
is further strengthened by the high fuel costs of the existing solutions. 

The yield of PV systems in Polar regions is scarcely documented in 
scientific literature but a few examples document both measured and 
simulated performance. The yield should be compared carefully as it is 
strongly influenced by the configuration of the system as well as local 
shading conditions. In Antarctica, the Syowa station has 55 kW of 
ground mounted solar modules installed with a steep tilt and a 60◦ az
imuth from true north both east and west with a reported specific yield 
of 800 kWh/kWp/year (Tin et al., 2010). In the Arctic, a specific yield of 
621 kWh/kWp/year is reported for a 13.8 kW roof mounted system in 
Longyearbyen with a south-east azimuth and an approximate tilt of 20◦

(Svalbards Miljøvernfond, 2013). For the same location, Ringkjøb et al. 
(2020) simulated a specific yield of 672 kWh/kWp/year for a 30◦ south 
facing fixed tilt system. The simulations were performed using the 
Global Solar Energy Estimator (GSEE) simulation code (Pfenninger & 
Staffell, 2016) and MERRA-2 climate data (Gelaro et al., 2017). 

The implementation of solar power systems to Polar regions must 
confront the climatic effects imposed by snow and ice. Snow on the 
modules is unfavorable as it shades the module surface resulting in a 
power generation loss and imposes a mechanical load on the module 

(Andenæs et al., 2018). An increased module tilt increases the proba
bility of snow shedding and can reduce the snow shading losses and the 
snow load (Andrews et al., 2013; Granlund et al., 2019). Such studies are 
relevant for topographies less influenced by wind where the snow cover 
is dominated by vertical precipitation but are not necessarily applicable 
to windy, unsheltered areas dominated by horizontal redistribution of 
snow. The Polar tundra and Polar ice-cap climate from Köppen Geiger 
climate classification (Kottek et al., 2006) commonly have little vege
tation to shelter from the wind, and little precipitation as well (Grzegorz, 
2010). Although the annual precipitation is typically low in Polar re
gions, the horizontal snow-flux due to the combination of exposed 
terrain and high wind speeds can be large in magnitude (Mellor, 1965). 
The redistribution of snow is caused by snow eroding from exposed 
areas and accumulating in sheltered areas, creating snowdrifts. The 
formation of snowdrifts can be considered as a direct consequence of the 
aerodynamic shade from objects or terrain where the shear stress on the 
snow particles is reduced below a threshold limit (Thiis & Ferreira, 
2014). To reduce snowdrifts in unwanted areas, the design of infra
structure in Polar regions is commonly adapted to control where snow is 
deposited and eroded (Thiis & Gjessing, 1999; Tominaga, 2018). Snow 
fences can be implemented as a measure to retain the snow in upwind 
accumulations zones. 

In this study, it is argued that the theory of the properties of snow 
fences can be applied to ground mounted PV arrays. Tabler (2003) has 
extensively studied how the properties of snow fences influence the 
snowdrift shape and storage capacity. His findings include that the 
length and height of fully developed snowdrifts are approximately 
proportional to the fence height (Tabler, 1980a). This allows to use 
scaled models for investigating the snowdrifts produced by larger snow 
fences (Tabler, 1980b). Further he showed that the inclination of snow 
fences has the effect of displacing the nose of the snowdrift and changing 
both length and storage capacity (Tabler, 2003). An inclination leaning 
with the wind displaces the nose of the drift upwind and increases length 
and the storage capacity while an inclination into the wind produces the 
opposite result as wind is forced underneath the snow fence. However, 
inclining the snow fence reduces the fence height which has the effect of 
reducing the storage capacity. Similarly, the bottom gap of snow fences 
influences the storage capacity as well. A bottom gap of 10–15% of the 
total height of the fence is considered optimal, while increasing the gap 
beyond this height reduces the depth and storage capacity of the drifts 

Fig. 1. Field setup and site location. Four 10 m long PV mock-up rows are placed at the valley floor in Adventdalen. PV modules are mounted on the rows and a 
weather station and a Plane-of-Array pyranometer are installed in proximity to the setup. 
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and displaces the nose of the drift further downwind. The profile of a 
snowdrift measured parallel to the wind is independent of incident wind 
directions (referred to as “attack angles” by Tabler) between 45 and 90◦

in relation to the longitudinal alignment of the fence (Tabler, 1980a). 
However, the cross-section area and length of the snowdrift vary with 
wind direction and can be expressed as the sine of the attack angle 
multiplied by the cross-section area or length formed by a wind direction 
perpendicular to the snow fence (Tabler, 2003). These properties of 
snow fences are connected to the properties of PV arrays and are dis
cussed in Section 4. 

For redistribution of snow in solar power systems the existing 
research mostly concern the influence of solar power system on roof 
snow loads. Ferreira et al. (2019) used wind tunnel experiments and 
numerical simulation to study the friction velocity on a roof surface with 
solar panel arrays and found that the arrays differentiate the friction 
velocity at roof surfaces and that the bottom gap and wind direction in 
relation to the system azimuth is determinative for the accumulation 
conditions. Brooks et al. (2014) and Grammou et al. (2019) used water 
flume simulations to investigate aerodynamical drift patterns on low tilt 
roof mounted systems and found that the drift patterns were influenced 
by the presence of the arrays. 

This study investigates the power production potential and the cli
matic effects imposed on a small-scale ground mounted mock-up solar 
power plant in the Adventdalen valley in Svalbard. The climate in the 
valley is characterized by low precipitation (213 mm annually on 
average) and strong winds from a uniform direction (Gallet et al., 2019). 
The upwind distance capable of transporting snow (fetch) is large 
enough so that the horizontal snow flux is only limited by the evapo
ration of the wind-blown snow (Tabler, 2003). Several snowdrift studies 
have previously been performed at the same location (Jaedicke, 2001; 
Thiis & Gjessing, 1999). As the latitude of the site is 78◦ North, the 
seasonal variations in solar irradiance are significant. Midnight sun and 
wintertime darkness each occur for approximately four months of the 
year, with a transition between the two extremes of only two months. At 
summer solstice, the solar altitude is 35.2◦ midday (south), and 11.8◦ at 

midnight (north). 

2. Field measurement setup 

The investigated solar power plant in this study is a fixed tilt system 
constituting of four mock-up rows made of 2x3′′ spruce beams and 
plywood with solar modules mounted on top as shown in Fig. 1. This 
section presents the specification of the field measurement setup. 

2.1. PV design layout 

Established principles of PV plant design are used to determine the 
configuration of the arrays. The system has a south facing azimuth to 
maximize the yield. Although the optimal tilt to maximize received solar 
irradiance in a collector plane is 50◦, an angle of 30◦ was chosen to 
increase the ground cover ratio. Simulations with PVsyst indicate a 5% 
irradiance reduction by adjusting the tilt from 50◦ to 30◦ (PVsyst SA, 
2020). The rows are spaced to avoid interrow shading for a solar altitude 
higher than 10◦, resulting in a pitch of 5.5 m. The total height of the 
system is 1.3 m and the effective bottom gap between array and ground 
is approximately 0.65 m. Solid timber poles (length = 12 m, diameter =
20–30 cm) are used as ballast for the arrays to secure for high wind 
speeds. The beams are partially covered by snow and ice in wintertime. 
The gross surface of each array is 1.2x10 m, allowing for standard sized 
module (1x1.6 m) to be placed in landscape orientation. 

2.2. PV modules and inverter 

Two monofacial modules are installed on the 30◦ wooden rack in 
opposite directions as shown in Fig. 2: one facing the sky and one facing 
the ground. A bifacial module was installed as well but was covered by 
the snowdrifts during the beginning of the production season and suf
fered significant power production losses. Both monofacial modules are 
installed at the middle rows to provide similar shading conditions. The 
ground-facing module is elevated slightly above the mock-up arrays to 

Fig. 2. Module installation with a sky-facing module (left) and a ground-facing module (right). The modules are lifted 2 cm from the wooden surface to allow for 
ventilation on the backside. 

Table 1 
Snowdrift measurement data. Days of snowdrift development represent the number of days in the field with a potential of snow redistribution, with the first day of such 
conditions estimated to be the 1st of October. H is the height of the system and is equal to 1.3 m.  

Event Date Days of snowdrift development Drift length / H Maximum snow depth / H Volume [m3] 

Installation 12.03.19 0 – – – 
Measurement 1 21.03.19 12 17 0.53 34.3 
Measurement 2 10.05.19 60 22 0.58 130.6 
Measurement 3 21.02.20 143 45 1.27 778.8 
Measurement 4 07.04.20 189 50 1.38 1007.6  
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reduce the effect of shading from the rack. The distance from the ground 
to the bottom of the panel is approximately 1.0 m. Plane-of-Array irra
diance (POA) and reflected Plane-of-Array irradiance (POAr) are logged 
with a pyranometer outside of the plant. Additionally, a backsheet 
temperature sensor was installed on the sky-facing module. To measure 
the power produced by the modules, current and voltage of each module 
are logged with a sample rate of 10 s with a Campbell Scientific 
CR1000X datalogger. The voltage and current are measured on the DC- 
side from the inverter. 

The monofacial modules are of the type JKM265P by Jinko Solar 
with a rated performance of 265 Wp at STC. The inverter and built-in 
MPPT is the CI-Mini-1200H from CyboEnergy (CyboEnergy, 2020). 
The inverter is made for off-grid purposes and produces variable AC- 
voltage for heating elements. As the site offers no grid connection pos
sibilities, the inverter is suitable for the setup as the load from the 
modules is consumed on-site by heating cables. The inverter displayed a 
variable capability to accurately detect the MPP of the modules. To 
compensate for the variability of the inverter, the results were filtered to 

obtain the maximum value in 2-minute intervals. The same filtration on 
the irradiance data increases the annual Plane-of-Array irradiance less 
than 5%. In general, snow was not removed from the modules 
throughout the season. However, the modules were cleaned after soiling 
events caused by a nearby road. 

3. Results 

3.1. Solar power plant snowdrifts 

Short time after the installation of the solar power plant in the field, 
snowdrifts were observed in the leeward side of the plant. To document 
the development of the snowdrifts, photogrammetry was used to 
construct 3D models of the snowdrifts at different timesteps. A total of 
four measurements were performed over two winters. The snow drifts 
melted entirely between the winters. Table 1 shows key numbers from 
the measurements, while Fig. 3 virtually display the snowdrift depth for 
all four measurements. The results are presented in relation to the total 

Fig. 3. Map displaying the snow depth for measurement 1–4. The wind rose in the upper right corner displays the wind conditions at the site. The dashed line in 
measurement 1 marks a cross-section of the snowdrifts displayed in Fig. 4. 
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height of the array (equal to 1.3 m). 
The results show an increase of drift length, height and volume with 

the time of exposure in the field. The accumulation mainly occurs at the 
leeward side of the PV arrays corresponding to the prevailing wind di
rection. On measurement 3 and 4, the height of the drifts exceeds the 
height of the arrays. In measurement 4, the snowdrifts extend onto the 
arrays and close the gap for the second southernmost array. 

A cross-section parallel to the prevailing wind direction (indicated by 
the dashed line in Fig. 3) is displayed in Fig. 4. The cross section of the 
snowdrifts produced by the PV arrays is compared with the cross section 

of snowdrifts produced by a 3.8 m tall 50% porous snow fence. Fig. 4 
shows that the snowdrifts from the PV arrays exhbit a similarity with 
snowdrifts from the snow fence. 

To provide a better sense of scale to the drifts, an aerial photography 
from measurement 3 shows the size of the drifts in relation to passing 
snow-mobile transport in Fig. 5. 

3.2. Solar power production 

Solar power production began in 5th of March and ended the 19th of 
October. A few days at the very beginning of the season was missed due 
to a malfunction of the logging system. However, the influence on the 
total production is small due to weak irradiance in the early season. The 
annual yield of the system is shown in Table 2. A theoretical bifacial 
yield is calculated as the sum of the yield of the sky-facing module and 
80% of the ground-facing module. It thus represents a bifacial module 
with an 80% Bifaciality factor (Guerrero-Lemus et al., 2016). 

Irradiance measurements from the nearby weather stations show 
that the irradiance in 2020 was 7.9% lower than the annual average 
from the last 5 years of complete irradiance datasets. If the yield is scaled 
proportional to the irradiance, a long-term average specific yield of 
727.8 and 834.6 kWh/kWp/year is obtained for the sky-facing module 
and the bifacial module respectively. 

The performance of the ground-facing module in relation to the sky- 
facing module displays a strong seasonal variation due to the seasonal 
variations in snow cover and irradiance. Fig. 6 shows the seasonal 
variation of the relative performance. 

Here it can be seen that the relative performance of the ground- 

Fig. 5. An aerial photography displays the scale of the snowdrifts at measurement 3.  
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Table 2 
Module yield for the monofacial sky- and ground-facing modules. A theoretical 
bifacial yield with 80% bifaciality factor is calculated from the monofacial 
modules yield. The bifacial gain is calculated as the relative difference in pro
duction to the sky-facing module.  

Module Annual 
production 
[kWh] 

Specific 
yield 
[kWh/ 
kWp/ 
year] 

Performance 
ratio* [%] 

Bifacial 
gain 
[%] 

Mono. sky 177.6 670.0 92.5 – 
Mono. ground 32.6 122.9 – – 
Bifacial 203.7 768.3 – 14.7  

* The performance ratio is calculated in an interval from July to October due 
to an error with the Plane-Of-Array pyranometer.  
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facing module is reduced around day 110 due to the melting of the snow 
cover. The performance of the modules in relation to the presence of the 
snow cover is quantified in Table 3.. Here it can be seen that the pro
duction of the ground-facing module is higher before the melting of 
snow cover although the incoming global horizontal irradiance is 
weaker. Daily production profiles from three consecutive days in sum
mer and spring in Fig. 7 illustrates this phenomenon. In spring, the 
performance of the bifacial module is increased by a significant contri
bution of rear-side irradiance and reach the same production peak as in 
summer although the global horizontal irradiance is weaker. In summer, 
the contribution from the ground reflected irradiance is less and makes 
up a small part of the total power production. However, the bifacial 
module has a secondary production peak at midnight due to irradiance 
on the backside of the module. The midnight production is not only 

caused by ground-reflected irradiance, but from direct irradiance from 
the north as well. This phenomenon enables uninterrupted power pro
duction in summer. 

The backsheet temperature of the monofacial sky-facing module was 
logged during the entire year. Fig. 8 shows a scatterplot of the backsheet 
temperature in relation to the module yield. A trend of increasing 
temperature with increasing yield is evident, as is expected due to the 
heat produced from the PV module during operation. Most of the power 
production occur well below STC-temperature. 

4. Discussion 

The development of snowdrifts in a solar power plant is an undesired 
phenomenon that can limit power production and impose a mechanical 
load on the PV arrays. The solar power plant investigated in this study 
was designed with established principles of solar power plant design 
commonly used at lower latitudes and resulted in a development of 
snowdrifts in the Adventdalen climate. The accumulation was severe 
and partially buried one array towards the end of the second winter. The 
constant development of the snowdrifts during the measurements in
dicates that no equilibrium state of the snowdrifts is achieved, and that 
the accumulation is likely to continue. This is also likely for the fourth 
measurement where the gap beneath one of the PV arrays is closed by 
the snowdrift. The closing of the gap changes the flow field and is likely 
to prolong the accumulation and a potential equilibrium-state snowdrift. 
The results suggest that for a solar power plant to be sustainable in Polar 

Table 3 
Seasonal variations in the production of the sky- and ground-facing module in 
relation to the presence of the snow cover.  

Snow 
cover 
status 

Production 
monofacial-sky 
[Wh/day] 

Production 
monofacial-ground 
[Wh/day] 

Sky-facing module 
/ Ground-facing 
module [%] 

During 
snow 
cover 

525.0 196.2 37.4 

After snow 
cover 

828.8 129.0 15.6  
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regions, the plant should be adapted to be resilient against snowdrift 
development. 

As snowdrifts are a direct consequence of the aerodynamic shade 
from objects and terrain, a modification of the design of the solar power 
plant can be used to control snow accumulation and erosion in the plant. 
In this study, the snowdrifts produced from the PV arrays exhibit a 
strong similarity with snowdrifts produced by porous snow fences. The 
development of the snowdrifts viewed as a cross-section parallel to the 
wind direction, shown in Fig. 4, is very similar to experimental studies 
on snow fences performed by Tabler (2003). The similarity indicates 
that snow fence theory can be applied to PV arrays and used to control 
snowdrift accumulation in solar power plants. The design can be 
adapted so that snow is deposited in designated areas (as with snow 
fences) or so that the deposition is minimized. How to adapt snow fences 
to maximize snow deposition is thoroughly documented in research, but 
how similar structures can be adapted to minimize the accumulation is 
seldom investigated and is the topic of the discussion to follow. 

Several findings from snow fence studies can be connected to the 
properties of solar power plants. As the snow drift cross section area and 
length decrease with the sine of the wind direction (where 90◦ is 
perpendicular) (Tabler, 2003), an attack angle parallel to PV arrays is 
favourable to reduce snow accumulation. Shifting the azimuth of the 
plant can thus be used to reduce snow accumulation in climates with 
uniform wind directions such as in Adventdalen. However, the influence 
of the rack itself should be taken into account in such cases. The finding 
also indicates that if the attack angle in the field measurement setup was 
90◦ instead of 30-45◦, the length and cross section area of the snowdrifts 
could increase by up to 50%. The empirical expression from Tabler is 
valid for single snow fences, but it could be argued that the effect on 
several consecutive PV arrays would only propagate the accumulation. 

The effect of snow fence inclination and bottom gap on snow drifts 
documented by Tabler (2003) can also be applied to the PV arrays. A 
strong inclination of snow fences reduces the net height of the fence and 
the resulting snow storage capacity. Strongly inclining the PV arrays 
while maintaining a bottom gap is therefore likely to reduce the storage 
capacity of the PV produced snow drifts. An empirical expression from 
Tabler (1994) shows that the relationship of the bottom gap and total 
height should be equal to 0.75 to avoid any snow storage. For the 
configuration of the power plant in Adventdalen, this implies that the 
gap between the array and the ground should be equal to 1.8 m. This is 
almost three times the gap as used in the field measurement setup. For a 
single array, this expression is likely conservative as it does not take into 
account the inclination of the array. However, the effect of several 
consecutive arrays can have an adverse effect on the accumulation 
conditions. 

The knowledge from snow fence design indicates that the azimuth, 
array tilt and bottom gap of PV arrays can be adjusted to minimize snow 
accumulation in the plant. Additionally, the distance between the arrays 
is likely to influence the accumulation. The properties discussed here are 
likely applicable to PV arrays of varying size as the snowdrifts produced 
by snow fences are approximately proportional to the height of a snow 
fence (Tabler, 1980b). Scaling the PV array properties (including the 
array surface, the distance between arrays and the bottom gap) will, 
therefore, likely produce a similar result as shown in this study. 

Changing the configuration of the plant will influence yield and costs 
of the system. The design of ground mounted solar power plants in cli
mates with high snow redistribution should balance between designing 
a system with high energy yield and a system is optimized for snowdrift 
accumulation. The latter is necessary to provide a climate robust system 
ensuring the long-term sustainability of the system. The challenge lies in 
optimizing for two very different design criteria where an optimization 
of one can have an unfavorable effect on the other. 

A specific yield of 670 and 768.3 kWh/kWp/year was measured for 
the sky-facing module and a theoretical bifacial module respectively. 
However, the irradiance in 2020 was 7.9% lower than average and in
dicates that the measured specific yield is likely underestimated 

compared with a long-term average. If the yield is scaled proportional to 
the irradiance, a long-term average specific yield of 727.8 and 834.6 
kWh/kWp/year is obtained. Scaling the yield proportional with the 
irradiance does not consider the effect of increased module temperature 
and may slightly overestimate the module yield. Ringkjøb et al. (2020) 
reported a specific yield of 672 kWh/kWp/year for a monofacial module 
with numerical simulations of a system with the same configuration and 
same location as in the field measurements. However, the irradiance 
used in the numerical simulations was 11.9% higher than the measured 
irradiance at the field site in 2020. The discrepancies between simulated 
and measured yield may arise from differences in system specifications 
or from inaccurate estimation of the module performance. 

A performance ratio of 92.5% was measured between July and 
October for the sky-facing module. As mentioned, the performance ratio 
is the performance of the system in the field compared to the perfor
mance at STC and is influenced by the system quality, module temper
ature, shading conditions and other factors. Performance ratios above 
90% is considered high and signifies a well-performing system (Reich 
et al., 2012). The measured backsheet temperature shown in Fig. 8 in
dicates that the cell temperature is well below STC-temperature for the 
majority of the season. The measured backsheet temperature data sup
ports that low cell temperature is likely to have a strong influence on the 
measured performance ratio. As the performance ratio in this study is 
only calculated from July-October and measured temperatures are the 
lowest in spring, an all-year performance ratio is likely to exceed the 
reported performance ratio. It is important to note that the produced 
power is logged on the DC-side and therefore does not take into account 
the conversion efficiency of the inverter. 

A bifacial gain of 14.7% was calculated for a theoretical bifacial 
module with 80% bifaciality factor. The bifaciality factor is commonly in 
the range of 60–95% (Tian Shen et al., 2019). The simplification of 
taking the sum of the production of two monofacial modules does not 
take into account the non-symmetrical layout of a bifacial cell or the 
effect of double side glazing on the optical losses and temperature (Halm 
et al., 2014; Hubner et al., 1997; Janssen et al., 2017). Additionally, the 
ground-facing module only received irradiance on the front side of the 
module (facing the ground) which contributes to artificially low module 
temperatures during operation. However, the measured bifacial gain of 
14.7% is high and encourages the use of bifacial modules in Polar re
gions. As the bifacial gain is a system specific property that is influenced 
by configuration and albedo, a higher bifacial gain can be achieved for 
climates with a higher average albedo or for designs with a more 
favourable configuration than the case investigated. 

Polar ice cap climates are defined by the warmest average monthly 
temperature not exceeding 0 ◦C (Kottek et al., 2006). In such climates, 
the snow cover is constant, providing a high albedo the entire power 
production season. With a bifacial solar power system configured to 
utilize the reflected irradiance in combination with a climate contrib
uting to low cell temperatures, the efficiency of a solar power system can 
potentially be higher than any place on earth. However, if snowdrifts 
develop in the system, they will not melt. The presence of snow over 
consecutive years theoretically signifies the formation of a glacier. The 
potential benefits of Polar solar power plants can therefore be high but 
preconditions a system resilient to snowdrift development. 

5. Conclusion 

The small-scale power plant in Adventdalen produced snowdrifts 
jeopardizing the functionality of the system. To ensure the resilience of 
solar power plants in snow drift climates, the design should be adapted 
to snowdrift development. This can be performed by adapting the 
configuration of the PV arrays so that snow is deposited in designated 
areas or so that the deposition is minimized. In this study, it is found that 
snowdrifts produced by the PV arrays exhibit a strong similarity with 
snowdrifts produced by snow fences. The similarity indicate that prin
ciples of snow fence design can be applied to PV arrays. Research on 
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snow fence theory imply that several properties of the PV arrays can be 
adjusted to control the snow accumulation. The properties which can be 
adjusted includes the azimuth of the plant, the tilt of the arrays and the 
gap between the array and the ground. In addition, the effect of several 
consecutive PV arrays must also be accounted for. The results from PV 
power production show a specific yield of 670 kWh/kWp/year for the 
sky-facing module but may not be representative of a long-term average 
due to annual variations in irradiance. The performance ratio is a metric 
normalized to the POA-irradiance and was measured at 92.5% for the 
sky-facing module. The logged backsheet temperature of the module 
indicates a positive contribution from low temperatures. The climate is 
favourable for bifacial power production due to a significant contribu
tion from ground reflected irradiance. A theoretical bifacial yield is 
calculated from the yield of the monofacial modules, representing a 
bifacial module with 80% bifaciality factor. The bifacial gain is 
measured to be 14.7% and the contribution of rear side irradiance is 
shown to vary with the seasons due to the presence of the snow cover. 
The findings highlight the potential of solar power production in Polar 
climates as well as the design challenge due to snowdrift development 
from the system. An adaption of the design of solar power plants which 
ensures high yield and snowdrift resilience should be performed to 
enable the dispersion of ground mounted solar power plants to Polar 
regions. 
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