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Summary
Processing, preservation, storage, and sharing of harvested country food by Indigenous people across the Canadian Arctic has been an essential part of life and survival for millennia. In a modern context, this results in a need for community freezers to support animal harvesting activities. Since these remote communities have isolated electrical systems and rely almost exclusively on diesel generators for electricity, operational costs are extremely high. With a strong interest in renewable energy integration in the Arctic to reduce costs and emissions, solar photovoltaics present a unique opportunity given the alignment of their power output with the energy demands of a refrigeration system in an Arctic climate. The energy performance of integrating solar photovoltaics with an Arctic community freezer were modelled and explored in detail by this study for the location of Cambridge Bay, Nunavut. The modelling results demonstrate great potential for solar energy in meeting the energy needs of community freezers in the Arctic and in result, the potential to significantly reduce operating costs and greenhouse gas emissions. Integration of a small wind turbine was also explored and data are compared to the electricity usage of an operating freezer based in Baker Lake, Nunavut.
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Introduction
Indigenous people have inhabited the Canadian Arctic for over 5,000 years and for much of this time solely relied on food and other resources that they harvested from the land, water, and air in their territory. Inhabitation of the Canadian coastal Arctic is by the broad group known as Inuit, or ‘people’ in Inuktut, their overarching language. The regions of their homeland, Inuit Nunangat, and individual communities are shown in Figure 1. Historically, Inuit were largely nomadic, moving with the seasons and resources they needed to survive. The Canadian Government coerced and pressured Inuit into permanent year-round settlements starting in the 1930s and by the mid-1960s, most Inuit ceased to be nomadic.
None of the communities in Inuit Nunangat are connected by road, other than Inuvik and Tuktoyaktuk. Inuvik was planned and built by the federal government in the 1950s and only connected by road to the continental road system in 1979 with the completion of the Dempster Highway. Tuktoyaktuk became accessible by road in 2017 with the completion of the Inuvik to Tuktoyaktuk Highway, making it the first road connection to the Canadian Arctic. The balance of the 50 Inuit communities in Canada are accessible only by air and short seasonal sea access. This is relevant because it makes these remote communities almost entirely dependent on liquid hydrocarbon fuels shipped in annually and fresh food that is flown in on a regular basis.
The traditional subsistence way of life continues in large part for cultural, resiliency, and financial reasons. Community members work together to harvest food for themselves, family, and share with others in need who are unable or not as able to participate directly in the harvesting. Common species of country food harvested include: caribou, moose, beluga whales, seals, Arctic char, lake trout, whitefish, and geese. Thus, there is a demand for reliable, cost-effective community freezers in Arctic communities to enable safe storage of country food. As a result of the reliance on diesel generators, electricity costs are very high in these regions. Examples of current electricity rates are shown in Table 1.
[bookmark: _Ref235174710][image: ]
Figure 1. Regions and communities of Inuit Nunangat in Canada (Indigenous Services Canada, 2026)
[bookmark: _Ref238634578]Table 1: Electricity costs in select Inuit Nunangat regions (Qulliq Energy Corporation, 2026) 
(Northwest Territories Power Corporation, 2026)
	Jurisdiction
	Customer Type
	Cost

	Nunavut
	Non-Government Residential
	74.94 cents/kWh, subsidized to 37.47 cents/kWh[footnoteRef:2] [2:  Up to 700 kWh per month in the summer and 1000 kWh in the winter.] 


	Nunavut
	Government Commercial Customers
	105.33 cents/kWh

	Northwest Territories Thermal Zone Communities
	Residential
	88.96 cents/kWh, subsidized to 35.23 cents/kWh[footnoteRef:3] [3:  Up to 600 kWh per month in the summer and 1000 kWh in the winter.] 


	Northwest Territories Thermal Zone Communities
	General Service Government
	99.05 – 396.5 cents/kWh, depending on community


As a result of these combined interests expressed by different representatives and individuals across the Canadian north, there is a strong interest in deploying renewable energy technology to offset electricity costs for refrigeration operations in the Arctic.
This study explores the performance system consisting of a refrigerated container, photovoltaic (PV) array, small wind turbine, and electric battery using simulations. OpenStudio, a building energy simulation tool, was used to parametrically model the combined system in various configurations to evaluate its efficacy in maximizing renewable energy fraction for a refrigerated storage space year-round in the Canadian Arctic. The work also explores the feasibility of an off-grid configuration, but due to the fact that solar and wind energy are not dispatchable, any system requires a dispatchable energy source, whether it is community-scale diesel generators through the local isolated grid or a diesel generator on-site.
Literature Review
As far as the authors are aware, there are no publications reporting on operation and performance of solar-powered refrigeration at high latitudes for food preservation applications. One similar Arctic application of solar energy for refrigeration loads is for permafrost preservation through active cooling (Sun, Liu, You, Ren, & Chang, 2024). Research on off-grid energy systems in the Arctic is typically focused on reducing diesel consumption by integrating renewable generation, battery, and thermal energy storage to meet non-cooling electrical and heating loads, with a limited consideration for refrigeration and cooling applications. 
Duran et al. (2025) found the literature strongly supports the integration of multiple sources of renewable energy generation (solar, wind, geothermal) and energy storage systems, in order for Arctic communities to achieve energy autonomy without connection to a larger electric grid or reliance on diesel as backup fuel. Studies on electricity generation in remote Arctic communities often find wind to be a complementary energy source to solar, especially in off-grid or zero-emission scenarios. A holistic evaluation on environmental challenges (weather, climate, terrain) for Longyearbyen, a remote arctic community on Svalbard (Norwegian archipelago), found wind supplements seasons when PV generation is unavailable or when snowfall accumulates on PV panels (Dimd, Stokkan, & Juel, 2026). In a study evaluating the cost for decarbonizing remote communities, it was determined that wind turbines in the year 2020 are the most affordable solution, whereas solar becomes the lowest cost solution in 2050; this led to the author to suggest that both technologies should be used concurrently in the present (Stringer & Joanis, 2023).  While examining an integrated solar, wind, battery, and hydrogen storage microgrid for Sanirajak, Nunavut, Janke et al. (2026) highlighted the importance of dispatch strategy in their model and in comparative studies. The results from these studies would suggest feasible and cost-effective off-grid energy systems necessitate multiple energy sources and storage, and a control strategy that can cohesively leverage their integrated performance. 
Research on using solar energy for cooling has largely been undertaken outside of Arctic applications. Key solar cooling technologies include solar PV vapour compression cooling, solar PV thermo-electric cooling, and solar thermal cooling (sorption processes) (Sarbu & Sebarchievici, 2013). 
Thermo-electric (TE) cooling leverages the Peltier effect, where an electric current flowing through a thermocouple circuit, resulting in one junction to generate heat (hot side) and the other junction to absorb heat (cold side). Due to their relatively low efficiency, TEs are best suited to small applications in medical or scientific equipment where high precision temperature control is required. They are not well-suited to the scale of refrigeration required for community freezers.
In solar-absorption cooling systems, the refrigerant is absorbed into an absorbent (e.g., lithium-bromide and ammonia solutions) and then pressurized through a generator using solar thermal energy, which replaces the need for a compressor normally required in a vapour-compression refrigeration cycle. However, absorption refrigeration systems have efficiencies significantly lower than electric vapour-compression systems and, since they use heat as the energy source, are not well-suited to Arctic applications unless there is a suitable source of waste or excess thermal energy.
TE and solar-absorption are often used as a supplemental strategy for cooling and refrigeration (Liang, Liang, Ye, & Yu, 2026) and not as the primary refrigeration technology. They are limited by low COP or cooling performance. A commercial TE cooler with a temperature difference of 20℃ across its junction was found to generally have a COP of 0.5 (Kaiprath & V., 2023). Although absorption chillers can be designed to a maintain a space at -18℃ setpoint, under a constant solar irradiance (450 W/m2) and 15℃ ambient conditions, while operating with a 0.52 system COP (the input energy includes solar thermal energy), it also requires a 90℃ generator heat source temperature (Liang, Liang, Ye, & Yu, 2026). Although the motivation for these technologies is to maximize energy utilization, which is an objective for energy systems in the Arctic, their performances and operational requirements are better suited for application in locations with excess solar or waste heat.
Given that solar PV cooling is widely used and has the highest performance, it is the most commercially established system type. As a result, this technology is currently the dominant system in the literature (Herez, et al., 2026) and is often integrated alongside electric batteries and thermal storage (e.g., cold thermal storage) in industrial agriculture applications (Rinchi, Dababseh, & Ayadi, 2026). For this type of system, control and thermal storage strategies have been investigated to improve off-grid resiliency.  Not only does vapour-compression have significantly higher efficiency than the alternatives, but maintenance of PV and vapour-compression refrigeration systems is most straightforward because of their commercial maturities. Due to the intermittency of solar and wind resources, most applications will require solar, wind and energy storage working in tandem to provide consistent and reliable off-grid conditions. This work explores the feasibility of doing so for an off-grid Arctic community freezer application. 
Methods
3.1 System Configuration
[bookmark: _Hlk170916329]Community freezers powered by renewable energy can help improve food security in remote Arctic communities by providing refrigerated storage for locally harvested food in areas with high groceries and energy costs. There are significant opportunities to reduce greenhouse gas emissions due to the current near 100% reliance on hydrocarbon fuels for energy in these locations. This study investigates the application of renewable energy systems and a battery array to power a refrigerated container to provide food-safe refrigerated storage year-round. A refrigerated container was considered in this initial modelling work, as it is a uniform, common solution for such applications and can be readily shipped to remote Arctic communities since the majority of goods are delivered by sea. While many communities have a purpose-built community freezer and this may be preferred for spatial organization, there are some examples of refrigerated containers being used for community freezer purposes, such as the one delivered to Iqaluit in 2016 (Canadian Broadcasting Corporation, 2016), freezers used by Inuvialuit Regional Corporation in Inuvik, and those deployed to remote communities such as Paulatuk. 
The authors are not specifically recommending refrigerated containers as a community freezer solution; the selection was made for representative modelling purposes. Future work is planned to explore the performance of representative purpose-built community freezer designs.
3.2 Detailed System Operation Modelling
In this study, the overall system is simulated using OpenStudio, an open-source framework for building performance simulation. The model simulates the performance for each parametric run over a year, with Cambridge Bay, Nunavut selected as the representative location for initial modelling. Cambridge Bay is a high Arctic community located on Victoria Island at a latitude of 69°N.
A hill-climbing approach was used to study a series of parametric runs. The hill-climbing process is an iterative method that:
1.	Establishes a set of parameters for the run;
2.	Attempts to improve upon the performance by modifying a parameter of the system; and
3.	Simulates the specified parameters and analyzes the impact on performance.
Only a portion of the parametric runs are presented in this paper due to limited space. The reader can reference the full results from this work by referring to the full report from this collaborative work between National Research Council Canada and Polar Knowledge Canada (Vuong, Banister, & Horeczky, 2025) accessible via the NRC Publications Archive (Government of Canada, 2026).
The results are highly sensitive to the assumptions of the simulation models employed. Due to limited performance data on refrigerated containers available in the literature, assumptions were made regarding its performance parameters (e.g., compressor performance, insulation level) to provide a conservative estimate (i.e., less efficient) of its performance. The sandia PV model used is empirically-based, while the wind turbine model is a combination of kinetic energy equations (physics based) and empirical power correlations. For both power generating systems, empirical correlations were obtained from the modelling software component database.
3.3 Modelling Inputs
A 40 ft container (11.56 m x 2.29 m x 2.61 m) is shown schematically in Figure 3. The modelled container is assumed to be constructed of polyisocyanurate insulation enveloped by two layers of steel.
[image: ]
[bookmark: _Ref238650246][bookmark: _Toc193202288]Figure 3: Schematic of the refrigerated container modelled
Thermal Conductivity
Nominal polyisocyanurate thermal conductivity ranges include:
•	0.018 – 0.024 W/(m∙K) according to Berardi (2019);
•	0.022 – 0.025 W/(m∙K) according to ASHRAE Handbook – Fundamentals 2021 Chp 26 Table 1 (ASHRAE, 2021).
The performance of this insulation type contributes significant uncertainty for the energy simulation results since polyisocyanurate experiences significant increase in thermal conductivity with decreasing temperatures due to condensation of the blowing agent remaining in the pore structure. This type of insulation also experiences long-term degradation of thermal performance due to off-gassing of the blowing agent.
Berardi (2019) presented simulated results showing that under several days of continuous circa 17°C conditions in Toronto, the thermal conductivity of a panel of polyisocyanurate increased to 0.04 W/(m∙K) from an initial value of 0.024 W/(m∙K). This temperature-adjusted value was used in the model, which assumes the insulation performance has degraded to 0.04 W/(m∙K). Based on the schematic in Figure 3, the properties of the container’s surfaces (wall, roof, floor) are presented in Table 2.
[bookmark: _Ref150266331][bookmark: _Toc193202321]Table 2: Refrigerated container construction properties
	Surface
	Thickness [m]
	Overall thermal conductance [W/(m2·K)]
	RSI [m2·K/W]
	R – value [ft2·°F·h/BTU]
	Surface area [m2]

	Walls
	0.078
	0.57
	1.75
	R-10
	72.3

	Roof
	
	
	
	
	26.5

	Floor
	
	
	
	
	26.5


[bookmark: _Toc193202247]Air Infiltration
Air infiltration can introduce additional refrigeration load. The model assumes a nominal flowrate per exterior wall area of 0.185 air change per hour (ACH). It is adjusted based on the wind speed as shown in Equation 1, 
	
	Eq. 1



0.224 is an empirical coefficient in units of s/m; it is the default value used in OpenStudio. In this study, air exchanges as a result of opening the container door are not modelled (i.e., the container is assumed to be closed for the entire simulation).
Refrigeration System
Assumptions on the performance (capacity, efficiency, temperature ratings) of the refrigeration unit were made for this study, given the lack of information on the existing container in Cambridge Bay. These performance parameters were selected through a trial-and-error process to ensure that the heat transfer capacity of the refrigeration unit was sufficient to meet the refrigeration load. These values correspond to the inputs of the OpenStudio object: Refrigeration Air Chiller, andare summarized in Table 2.
[bookmark: _Ref193097997][bookmark: _Toc193202322]Table 3. Refrigeration system parameters and values
	Parameter
	Value

	Rated unit load factor
	600 W/K

	Rated refrigerant saturation temperature
	-33 °C

	Rated DT1 (temperature difference between the air inlet and the saturated refrigerant temperature)
	13 °C

	Max DT1
	25 °C

	Rated Heating Power (drip pan and other heaters)
	250 W

	Rated Fan Power
	375 W

	Rated Fan Air Flow Rate
	0.8 m3/s

	Defrost Type
	None


Solar Photovoltaics
PV panels are arranged along the length of the container on-grade and on a mounting rack above the container as shown in Figure 4. Note the individual panels are illustrative and do not represent the number of panels in each array.
[image: ]
[bookmark: _Ref239070543]Figure 4: Container with PV arrays (arrays B & D are due north; A & C face south)
The PV simulation assumes a hypothetical monocrystalline PV panel with the properties listed in Table 4 (Standard Test Conditions, STC, are 1000 W/m2 at 25°C), modelled using the default Sandia PV object from OpenStudio. Based on the assumed rated power (294 W), the rated current and voltage were adjusted, assuming the current is one-third of the voltage magnitude. 
Although a monocrystalline panel was modelled with a particular set of performance behaviours, the results are applicable for other monocrystalline panels with the same rated efficiency at STC. This assumption relies on the limited influence different glass coverings, backing materials, and framing have on the PV cell temperature in contrast to the much higher influence of the PV cell type. Thus, the results are applicable for a range of other monocrystalline panels of different dimensions and rated power. 
[bookmark: _Ref150329241][bookmark: _Toc193202323]Table 4. Photovoltaic panel parameters and values
	Property
	Specification

	Rated power at standard test conditions (per panel)
	294 [W]

	PV cell area (per panel)
	1.4 [m2]

	Rated efficiency (based on cell area)
	21 %

	Current at rated power
	9.9 [A]

	Voltage at rated power
	29.7 [V]



PV panels are arranged along the length of the container on-grade and on a mounting rack above the container as shown in Figure 4. Note that the individual panels are illustrative and do not represent the number of panels in each array. The individual panels are oriented to allow for two rows of 10 panels along the length of the container. Placing the panels around the container also provides shading to minimize heat gain during the daytime. PV arrays A and B are tilted 70° from the horizontal and are fixed for all configurations examined in the study. This angle should limit the amount of snow cover after a snow fall. On the other hand, PV arrays C and D would likely require manual intervention to clear accumulated snow. Snow cover is not modelled in the simulations. This is unlikely to have a significant impact on the refrigeration system performance since the refrigeration load is minimal or non-existent during the winter, at the end of which any snow cover is likely to have loosened due to melt and fallen to the ground.
[bookmark: _Toc193202252]Wind turbine
The wind turbine model from OpenStudio uses kinetic energy relations and empirical power coefficient parameters to simulate its performance. The dimensionless power coefficients used were the default set from OpenStudio. The general form of the kinetic energy relation used in OpenStudio is shown in Equation 2.
	
	Eq. 2


Other parameters such as rated power, rated rotor speed, and cut-in/out speed are unique to each wind turbines. These were obtained based from manufacturer specifications and are presented in the report in Table 5.
[bookmark: _Ref238818493]Table 5: Wind turbine parameters
	Design parameters
	3kW – turbine (Wind Turbine Models, 2018a)
	5kW – turbine (Wind Turbine Models, 2018b)
	10kW – turbine (Wind Turbine Models, 2022)

	Rated power
	3 kW
	5 kW
	10 kW

	Rated wind speed
	10 m/s
	10 m/s
	13 m/s

	Rated rotor speed
	260 rev/min
	200 rev/min
	350 rev/min

	Height
	10 m[1]
	10 m[1]
	10 m[1]

	Number of blades
	3
	3
	3

	Rotor diameter
	3 m
	4.5 m
	7 m

	Cut-in wind speed
	1.5 m/s
	1.5 m/s
	3 m/s

	Cut-out wind speed
	52.5 m/s
	52.5 m/s
	60 m/s

	Fractional system efficiency
	83.5%[2]

	Max power coefficient
	35%2

	Max. tip speed ratio
	5 (U.S Department of Energy, 2024)


	[1] Assumption based on operating environment (i.e., turbine height can be adjusted during installation)
	[2] Default EnergyPlus model values
Battery
The Lithium-ion nickel-manganese-cobalt (Li-ion NMC) battery model from OpenStudio was used in this study. The model uses temperature to compute the instantaneous capacity and to model long-term capacity degradation (LTCD). Although lithium-based batteries perform poorly or are unable to operate in extreme cold, such as in Cambridge Bay where the average temperature in January is -32°C (ECCC, 2023), this study uses a lithium-based battery to conservatively estimate the performance of the combined system which incorporates a factor of safety in the analysis, to mitigate risks of food-spoilage in remote communities. Additionally, refrigeration is not required during periods of extremely low outdoor temperatures in the case of the batteries being in an unconditioned space.
Therefore, the combined system was evaluated using the Li-ion NMC model with and without LTCD. The former option provides a lower band of performances (overestimated battery capacity degradation over time) and the latter forms the higher performing band of results (idealized performance without long term degradation). Evaluating the performance using both options yield a more complete picture of the combined system’s performance.
Thermal Properties of Refrigerated Food
The thermal properties of the refrigerated food are modelled in this study since there is a significant amount of thermal mass present that could alter the performance of the combined system. The food was approximated as a block with uniform thermal properties (and therefore temperature). This simplification was made because OpenStudio is not intended to model the detailed transfer through food objects and a more accurate representation (shape and non-uniform properties e.g., fat, cartilage, sinew) would only result in negligible differences in the results on an annual basis compared to the overall energy consumption of the system. The block interacts with the zone air via convection and with other surfaces (e.g., zone walls, ceilings, floors) via long-wave radiation. Properties of the refrigerated food are presented in Table 6; properties of ground beef were used in the absence of specific information for different cuts in the literature.
[bookmark: _Ref238818788]Table 6: Refrigerated food properties (ground beef)
	Property
	Values

	Mass
	1370 kg

	Volume
	1.33 m3

	Conductivity
	0.35 [W/(m∙K)] (Pan & Singh, 2001)

	Density
	1033 [kg/m3] (Pan & Singh, 2001)

	Specific heat
	3.14 [kJ/(kg∙K)] (ASHRAE, 2022)


Results and Discussion
Given that this work relies on modelling as a performance predictor, initial results are focused on model verification, ensuring that key aspects of the energy model are performing as expected. The performance results for the solar-only energy system are then presented, and finally a case with a small wind turbine added to explore the limits of what off-grid operation is possible.
4.1 Heat Transfer Across Container Surfaces
The simulation uses conduction transfer functions (CTF) to estimate the heat transfer through the opaque surfaces of the container. It is a quasi-steady state method that captures some of the transient behaviour. The combined conduction heat transfer through all container surfaces exposed to outdoor air (i.e., walls and roof) is calculated for each timestep (10-minute intervals). The daily average conduction through these surfaces for the refrigeration period are presented in Figure 6. Positive values indicate heat gain towards the interior of the container and negative values reflect heat loss through the container. The use of daily averages facilitates easier visual verification when compared to the full steady state heat transfer calculations for the same surfaces. This relationship is shown in Equation 3, where, the steady state heat conduction through a surface , is calculated using the overall thermal transmittance of the surfaces , area of the surface () and the daily average outdoor () and indoor temperatures (. These results are also presented in Figure 5. There is a strong agreement between the two relations, which verifies the accuracy of the simulation’s thermal demand profile.

[bookmark: _Ref188883465][bookmark: _Toc193202291]Figure 5: Baseline verification: conduction through the container wall and roof surfaces (March 21st to November 23rd)
	
	Eq. 3


[bookmark: _Toc193202262]4.2 Air infiltration
The daily average operational infiltration (ACH) of the container and the corresponding wind speed for the refrigeration period is presented in Figure 6. Based on Equation 1, the operational infiltration is 0.185 ACH or greater when the wind speed is greater 4.5 m/s. This is observed in the figure, given the average wind speed rarely is greater than 4.5 m/s, the operational infiltration rate is often below the nominal value. The trend of the infiltration rate closely correlates with the wind speed in Figure 6. The total rate of heat transfer loss (negative values) and gain (positive) due to infiltration showing a maximum 121 W gain over the refrigeration period is presented in Figure 7. The rate of heat transfer due to air leakage (advection) is a product of the infiltration rate and the enthalpy difference between the interior and exterior air conditions. The advection is primarily sensible due to a typically low absolute humidity for the location modelled.

[bookmark: _Ref191367336][bookmark: _Toc193202292]Figure 6: Baseline verification: air infiltration and wind speed (March 21st to November 23rd)


[bookmark: _Ref238820438]Figure 7: Daily average heat transfer via air leakage (positive – gain; negative – loss)
4.3 Solar Photovoltaics
The daily electricity generated by PV array A (rated 5880 W, 70°, south facing) is shown in Figure 8, along with the available solar energy and the PV array’s efficiencies; overlayed on top of the daily values is the 30-day moving average trend line. These results are presented for the entire year; the refrigeration period (March 21st to November 23rd) is highlighted in orange.
The available solar energy is the accumulation of the incident radiation on PV array A for each day, which correlates as expected with the electrical energy generated. The PV efficiency curve represents the ratio of electricity to the solar energy available for each day. It represents the average efficiency of the PV panel only during the hours when it operates (i.e., it excludes the hours when the efficiency is 0%). For example, a particular day in February may have a high average operating PV efficiency for 4 hours, but generate less electricity than a day in May with a lower operating efficiency because solar radiation is available for 19 hours continuously in the spring (even though the solar intensity varies throughout those hours).
These results clearly show an asymmetric solar energy availability across the year, with significantly more solar energy available in the first half of the year compared to the second half of the year. This difference is attributed to cloud cover, as the skies are significantly cleared in the spring and early summer months when the sun returns to the high Arctic and the landscape and sea ice begin to thaw. As the summer goes on and into fall, the relative moisture in the air increases and cloudy and overcast conditions become more prominent. This is challenging from an energy perspective, as refrigeration demand is highest in the middle of the summer and into the early fall.

[bookmark: _Ref238820314]Figure 8: Baseline verification: PV generation of PV array A (south, 70° tilt)
4.4 Solar Resource Analysis
An initial set of simulations were conducted to explore the PV generation outputs for several sizes of arrays given the approximate footprint available. This analysis assumes PV placements on the roof and ground, along the longitudinal length of the container. Using the baseline performance parameters of the PV panel and container dimensions, a series of PV systems of different capacity were established. The largest PV configuration possible is a 24 kW system consisting of 80 x 294 W panels. The potential PV generation for the variety of PV system sizes are shown in Figure 9.

[bookmark: _Ref238819510]Figure 9: Annual PV Generation Potential for various Rated PV Capacities
The outputs from the arrays increase largely in a linear form, but deviates slightly from linear due to the different orientations and quantities of panels in each array.
4.5 Solar PV Parametric Study
Two sets of parametric analyses consisting of 1630 simulations in total were completed. Key solar PV parameters are defined in Table 7. The first set accounts for LTCD and the second set does not; each set explored a range of container, PV, battery parameters and thermostat strategies in 815 (80 + 720 + 15, respectively) simulations. 
The results from the developed model were calculated for a total of 1630 parametric runs. All of these cases are summarized in Figure 10 which illustrates the annual solar fraction. The ‘Container’ box and whisker plots in Figure 10 represent parameters pertaining to the container, such as orientation, surface properties, and envelope insulation, with the latter having the most significant impact on performance, as expected. The ‘PV & battery’ box and whisker plots represent different scales of PV arrays and battery storage size. Finally, the ‘Thermostat strategy’ box and whisker plots represent different control strategies, primarily trying to utilize floating temperature setpoints based on energy availability to make use of the thermal storage of the freezer contents. The solar fraction ranges from 0.81 to 0.93 across the optimization exercise.	Comment by Vuong, Edward: Better to avoid reference this to avoid confusing the parametric results with the singular optimal system result
The combined system as modelled experiences periods of insufficient refrigeration during autumn for most years since the simulations were conducted using statistically representative weather data for Cambridge Bay (ECCC, 2024). During September and October, the decline in solar and wind availability results in increasing power deficits, even though refrigeration demand diminishes with cooler temperatures. This is visualized in Figure 11, which illustrates the performance of the final resulting system configuration from the parametric analysis with a 5 kW wind turbine and including battery LTCD. An evaluation of how well the designs operate off-grid require a review of the magnitude and duration of the energy gaps i.e., the difference between the refrigeration energy required and that provided by the PV system and the duration of the individual occurrences because insufficient energy (from PV or the battery)translate into refrigeration interruptions.
[bookmark: _Ref239083817]Table 7: Solar PV parameter values used in simulations
	Design parameters
	Parameter description
	Values

	Number of PV panels 
	The number of panels used is fixed. 
	80 

	Nominal PV Power
	The rated power of the entire PV system at 1000 W/m2 at 25°C.
	23.5 kW

	PV array A and B tilt
	Tilt of the PV panels measured from the horizontal level on either side of the container.
	70°

	PV array C tilt
	· 
	15°, 30°, 45°, 60°, 75°, 90°

	PV array D tilt
	· 
	15°, 30°, 45°, 60°, 75°, 90°

	Nominal battery capacity
	Storage capacity of the battery.
	44 kWh, 47 kWh, 50 kWh, 53 kWh, 56 kWh

	Combined system azimuth angle
	The “default” orientation is 0° where the one set of arrays are facing north, and the other faces south.
	0°, 45°, 90°, 135°




[bookmark: _Ref239083684]Figure 10. Annual operational solar fraction of the parametric analyses, with and without LTCD
4.6 Small Wind Turbine Addition
To further test the feasibility of operating autonomously on clean energy, a 5 kW wind turbine was added to the model. For the highest performing design with the 5 kW wind turbine (with LTCD modelling) shown in Figure 11, the peak power generation (wind plus solar) occurs in May, two months before the peak refrigeration demand in July. During these two months, the battery capacity examined (50 kWh) was large enough to support the system overnight or during less windy conditions until sufficient solar/wind resource was available again to power the refrigeration unit directly and recharge the battery to near full capacity to maintain the daily cycle. However, as autumn approaches, the system was unable to maintain consistent refrigeration. Even though refrigeration demand decreased, declining power generation, coupled with the limited battery capacity to supply energy over longer periods of nighttime, resulted in significant hours of insufficient refrigeration. 
The simulation results show the final design of the combined system is estimated to operate with an energy gap of 28 – 135 kWh/yr (approximately 0.4% – 2.1% of the annual refrigeration energy consumption). This is an increasingly small energy gap and the results highlight that the system is able to operate solely on renewable energy for the majority of the year with a renewable fraction around 98-99%, only running into energy shortfall issues for approximately one month.
 
[bookmark: _Ref239082542]Figure 11. Monthly system trend and energy gaps (with 5 kW wind turbine, with LTCD)
4.7 Reference Data from Operating Community Freezer
Data for the community freezer in Baker Lake, Nunavut were shared by community representatives. The Baker Lake freezer is purpose-built with a gross footprint of 1,288 ft2 (120.0 m2), approximately 4.5 times the refrigerated container gross footprint of 26.5 m2 modelled in this study. During the months of highest modelled demand (April to October) the energy consumption of the Baker Lake freezer was approximately 4-6 times that of the container freezer modelled. These data provide a corroboration of the magnitude of energy demands from the model, with surprisingly high demand in the winter months from December through February, which is expected to have occurred due to electric resistance heating in the vestibule area of the freezer that is not refrigerated.

Conclusions
A detailed model of a refrigerated container and energy system, including solar PV, battery, electronics, and small wind turbine was developed to predict the energy performance of the combination. This modelling work was an exercise in pushing to the limit of what is possible for solar and wind electricity generation in the Arctic for a freezer application. The model performance was verified against expected behaviour and compared to billing data for a larger purpose-built freezer, demonstrating that the modelled results are a realistic representation of expected freezer performance.
The modelling showed that a large array of solar PV applied to this load can meet the annual energy demands of a freezer container in the range of 90%. With the addition of a small wind turbine, although the energy gaps are significantly reduced further and a renewable fraction of circa 98% may be achieved, the system is still unable to fully meet the needs during the late summer months, primarily October. For this application, it would be reasonable to reduce the capacity of the wind turbine and battery to reduce capital costs since an additional dispatchable energy source such as a stand-alone diesel generator or a local grid connection is required. A hybrid energy system can significantly reduce operating emissions and energy costs compared to a refrigerated container powered solely by diesel electricity generation.
Future work is anticipated to include on-grid modelling for communities throughout the territory of Nunavut. In future work, larger, purpose-built community freezer designs will be explored to optimize performance. Integration of solar PV will be explored on a territory-wide scale, exploring the energy and cost implications for all 25 communities throughout the territory of Nunavut.
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Conduction heat transfer (W)




Infiltration ACH	 03/21	 03/22	 03/23	 03/24	 03/25	 03/26	 03/27	 03/28	 03/29	 03/30	 03/31	 04/01	 04/02	 04/03	 04/04	 04/05	 04/06	 04/07	 04/08	 04/09	 04/10	 04/11	 04/12	 04/13	 04/14	 04/15	 04/16	 04/17	 04/18	 04/19	 04/20	 04/21	 04/22	 04/23	 04/24	 04/25	 04/26	 04/27	 04/28	 04/29	 04/30	 05/01	 05/02	 05/03	 05/04	 05/05	 05/06	 05/07	 05/08	 05/09	 05/10	 05/11	 05/12	 05/13	 05/14	 05/15	 05/16	 05/17	 05/18	 05/19	 05/20	 05/21	 05/22	 05/23	 05/24	 05/25	 05/26	 05/27	 05/28	 05/29	 05/30	 05/31	 06/01	 06/02	 06/03	 06/04	 06/05	 06/06	 06/07	 06/08	 06/09	 06/10	 06/11	 06/12	 06/13	 06/14	 06/15	 06/16	 06/17	 06/18	 06/19	 06/20	 06/21	 06/22	 06/23	 06/24	 06/25	 06/26	 06/27	 06/28	 06/29	 06/30	 07/01	 07/02	 07/03	 07/04	 07/05	 07/06	 07/07	 07/08	 07/09	 07/10	 07/11	 07/12	 07/13	 07/14	 07/15	 07/16	 07/17	 07/18	 07/19	 07/20	 07/21	 07/22	 07/23	 07/24	 07/25	 07/26	 07/27	 07/28	 07/29	 07/30	 07/31	 08/01	 08/02	 08/03	 08/04	 08/05	 08/06	 08/07	 08/08	 08/09	 08/10	 08/11	 08/12	 08/13	 08/14	 08/15	 08/16	 08/17	 08/18	 08/19	 08/20	 08/21	 08/22	 08/23	 08/24	 08/25	 08/26	 08/27	 08/28	 08/29	 08/30	 08/31	 09/01	 09/02	 09/03	 09/04	 09/05	 09/06	 09/07	 09/08	 09/09	 09/10	 09/11	 09/12	 09/13	 09/14	 09/15	 09/16	 09/17	 09/18	 09/19	 09/20	 09/21	 09/22	 09/23	 09/24	 09/25	 09/26	 09/27	 09/28	 09/29	 09/30	 10/01	 10/02	 10/03	 10/04	 10/05	 10/06	 10/07	 10/08	 10/09	 10/10	 10/11	 10/12	 10/13	 10/14	 10/15	 10/16	 10/17	 10/18	 10/19	 10/20	 10/21	 10/22	 10/23	 10/24	 10/25	 10/26	 10/27	 10/28	 10/29	 10/30	 10/31	 11/01	 11/02	 11/03	 11/04	 11/05	 11/06	 11/07	 11/08	 11/09	 11/10	 11/11	 11/12	 11/13	 11/14	 11/15	 11/16	 11/17	 11/18	 11/19	 11/20	 11/21	 11/22	 11/23	0.103479044799673	6.0605908574517503E-2	9.9632350908139197E-2	0.10184420941117101	9.3104191808847395E-2	4.1898953042946302E-2	0.118460171128755	9.6995736681826095E-2	6.1732528113936702E-2	6.1931056946107003E-2	4.9466572336205897E-2	5.2224879782589301E-2	6.8187660461784302E-2	5.3502438098208198E-2	4.7423681282449698E-2	3.9515764600463799E-2	0.17616866201554099	5.7009420213206298E-2	0.17105142173764801	8.7181860696291996E-2	5.9487781240535602E-2	6.1528756344474599E-2	3.3830409779853701E-2	7.5037077939549696E-2	9.8014073055916001E-2	9.79385711627659E-2	0.15639526154321801	0.12393703040653201	0.15379028188375499	5.8895265416363703E-2	0.10623824358563699	0.114943684614133	3.8256122013802199E-2	2.4066889386867098E-2	4.8912650214418603E-2	3.8518076242013102E-2	0.15108262826230201	0.11098407022236299	7.9206751579593199E-2	0.139446263001996	0.185844979426323	8.2070421381934197E-2	5.27337841003006E-2	5.3215943864141503E-2	9.3534214815137795E-2	0.141004372660402	9.9718635918881596E-2	0.19426377020657501	0.14996516628839501	9.6087220899381903E-2	0.107555408398611	7.9897867931887398E-2	4.1092522714138498E-2	0.17914794672423101	0.102725097518896	0.14543407582655901	8.7817722231856202E-2	8.4616381103281596E-2	0.139855683399359	0.130953069664247	0.175242409521637	0.14023420421441599	7.9935501115382196E-2	9.55625083150448E-2	7.8756929487668104E-2	0.20664481128217199	0.185216645935425	0.20344084087945799	9.7756389019514695E-2	6.5379852033221997E-2	6.0937152633386601E-2	0.11126675183972699	8.3238312891659297E-2	4.72413920471485E-2	8.7871150058796393E-2	0.12899244212292299	0.178396912857892	5.0145711026645702E-2	6.6630196880789402E-2	6.9470053820305799E-2	0.13999756390771001	0.20277225545155	0.14268945836800101	9.8278285575718299E-2	6.3574644448446099E-2	3.1215303127672699E-2	4.80716832698901E-2	5.0405563527261603E-2	8.9995170339601804E-2	5.4098391990765299E-2	9.7051268601517193E-2	0.106670251407913	0.12240596159950699	8.2157015244271103E-2	8.7620538984183594E-2	9.4398517858031897E-2	7.8762678144561393E-2	6.7188737338467905E-2	8.4986967694673704E-2	7.9638030499267695E-2	7.5260836173599993E-2	0.10320212192747601	0.14154750075046599	0.105813249518223	9.8780769925930906E-2	6.8187891616188906E-2	5.8623285043398497E-2	4.9968038786319002E-2	2.88808442205979E-2	0.10992138024234099	6.34392745702511E-2	7.7028724149064101E-2	0.12555543181928899	0.115225666419835	9.21799272455021E-2	0.10396570067802299	9.7826967346217097E-2	7.3307056247364694E-2	7.3858676021518202E-2	9.0487677237194503E-2	0.13049070799683199	8.8254550726569195E-2	2.9516687035869699E-2	7.7499559363491399E-2	0.15636726764762801	9.1693446499076001E-2	0.10243201448595	0.107528083965049	0.148080531668594	0.13305106037212699	8.5676313821206093E-2	8.7168651813978801E-2	7.9607319676571697E-2	3.7241985930259298E-2	6.8207764960226194E-2	0.100611911183355	0.15482921563771501	0.16210005648560899	0.11853838567819799	9.0404966034720105E-2	9.8441286593831903E-2	0.109781606929061	9.33707056972643E-2	9.8495060212381802E-2	3.4062621405333601E-2	3.1360882721326602E-2	5.2004076196082702E-2	3.5765412109906802E-2	4.25410541857872E-2	7.5109358914376895E-2	0.106683358879837	7.5978612073701796E-2	9.7589057596409595E-2	9.0212714003907499E-2	5.6840559662265103E-2	5.4110912247164897E-2	6.8955540854473696E-2	6.5438385911102098E-2	8.9253018497144496E-2	8.9923786937149697E-2	0.16319175811571601	8.2006261607893705E-2	6.7121345476133201E-2	2.9601341371855001E-2	0.100649755042094	6.0332988761274103E-2	8.4984484792004406E-2	0.117638829173398	5.8032083032323302E-2	9.3617685839581702E-2	4.4359493439938197E-2	0.108648278944098	7.2035309664981007E-2	0.125951725226015	0.13296191190266601	0.102671685636303	5.3100294947707502E-2	8.2334432975159702E-2	4.8908700556847297E-2	0.11098664856417199	0.101453993964573	0.105235719067742	0.12515565017932101	0.17893535696394	0.230248963696667	0.20297278225855001	0.244160611044723	0.209617751657901	0.13896745877922501	0.104241103431225	5.5987454842328199E-2	2.9200624076400498E-2	0.12431071290667101	0.111374698257659	8.4987989649214807E-2	0.13941422056144301	7.0497081118802193E-2	8.9837655348364298E-2	6.2349441715712599E-2	3.7847088740868597E-2	9.6196342557856807E-2	4.5761520925483898E-2	0.15190372458363399	0.119569406049919	0.17670936843505899	0.133765401546594	9.8507097208729105E-2	5.7473630314867803E-2	6.4692480591747897E-2	9.3141359660370002E-2	7.1998903414683901E-2	6.3696391030192104E-2	8.5475805255919302E-2	0.109949325006836	6.7337999459065503E-2	0.116382010630194	8.5035754453024401E-2	4.8901586227555797E-2	3.08791729585935E-2	6.5522219127239198E-2	0.125826797191083	4.5237920213564403E-2	0.12308103320310999	0.142905109392851	0.13910957831617199	6.2111648307946202E-2	4.1476625266872701E-2	0.140815085336503	0.10370034273258601	5.9747128551635997E-2	4.9223022478190701E-2	8.6923873726283699E-2	9.0238871104345295E-2	7.7278447429555294E-2	0.12823672370596501	0.146106993493686	0.18848408960818799	0.15602759611504499	0.120039973021346	0.12454471832325199	0.13673880835883101	0.21125183132421699	9.4017329165688293E-2	0.14288719978871001	0.18073215816789101	8.3503369005646894E-2	9.51186646074237E-2	0.112595491403263	Wind speed	 03/21	 03/22	 03/23	 03/24	 03/25	 03/26	 03/27	 03/28	 03/29	 03/30	 03/31	 04/01	 04/02	 04/03	 04/04	 04/05	 04/06	 04/07	 04/08	 04/09	 04/10	 04/11	 04/12	 04/13	 04/14	 04/15	 04/16	 04/17	 04/18	 04/19	 04/20	 04/21	 04/22	 04/23	 04/24	 04/25	 04/26	 04/27	 04/28	 04/29	 04/30	 05/01	 05/02	 05/03	 05/04	 05/05	 05/06	 05/07	 05/08	 05/09	 05/10	 05/11	 05/12	 05/13	 05/14	 05/15	 05/16	 05/17	 05/18	 05/19	 05/20	 05/21	 05/22	 05/23	 05/24	 05/25	 05/26	 05/27	 05/28	 05/29	 05/30	 05/31	 06/01	 06/02	 06/03	 06/04	 06/05	 06/06	 06/07	 06/08	 06/09	 06/10	 06/11	 06/12	 06/13	 06/14	 06/15	 06/16	 06/17	 06/18	 06/19	 06/20	 06/21	 06/22	 06/23	 06/24	 06/25	 06/26	 06/27	 06/28	 06/29	 06/30	 07/01	 07/02	 07/03	 07/04	 07/05	 07/06	 07/07	 07/08	 07/09	 07/10	 07/11	 07/12	 07/13	 07/14	 07/15	 07/16	 07/17	 07/18	 07/19	 07/20	 07/21	 07/22	 07/23	 07/24	 07/25	 07/26	 07/27	 07/28	 07/29	 07/30	 07/31	 08/01	 08/02	 08/03	 08/04	 08/05	 08/06	 08/07	 08/08	 08/09	 08/10	 08/11	 08/12	 08/13	 08/14	 08/15	 08/16	 08/17	 08/18	 08/19	 08/20	 08/21	 08/22	 08/23	 08/24	 08/25	 08/26	 08/27	 08/28	 08/29	 08/30	 08/31	 09/01	 09/02	 09/03	 09/04	 09/05	 09/06	 09/07	 09/08	 09/09	 09/10	 09/11	 09/12	 09/13	 09/14	 09/15	 09/16	 09/17	 09/18	 09/19	 09/20	 09/21	 09/22	 09/23	 09/24	 09/25	 09/26	 09/27	 09/28	 09/29	 09/30	 10/01	 10/02	 10/03	 10/04	 10/05	 10/06	 10/07	 10/08	 10/09	 10/10	 10/11	 10/12	 10/13	 10/14	 10/15	 10/16	 10/17	 10/18	 10/19	 10/20	 10/21	 10/22	 10/23	 10/24	 10/25	 10/26	 10/27	 10/28	 10/29	 10/30	 10/31	 11/01	 11/02	 11/03	 11/04	 11/05	 11/06	 11/07	 11/08	 11/09	 11/10	 11/11	 11/12	 11/13	 11/14	 11/15	 11/16	 11/17	 11/18	 11/19	 11/20	 11/21	 11/22	 11/23	2.5027381172693701	1.41047237727984	2.3660459553964102	2.4286700388591398	2.1727695962830098	0.98307095486543195	2.77977816162353	2.2318969035117799	1.42064481723318	1.43463192216902	1.1614065427973601	1.2704423835471901	1.61042440011262	1.2410376743070799	1.1110211761534901	0.92791725699343397	4.3021473783900799	1.40840610041432	4.1053742430427196	2.0456140968662999	1.3867896655134799	1.4324067009292201	0.79345031636026397	1.79845559487507	2.34617790861255	2.3000840400739899	3.7107153617281101	2.9641536357777598	3.7885981051208399	1.44989058209902	2.5958795205921099	2.7732614422784199	0.91361226330905498	0.57378919111789894	1.1714200383764299	0.94206330630354296	3.7078543629912302	2.7562543942314401	1.97313546219878	3.4217544893036398	4.6243276250371599	1.98839412212878	1.2834758222374001	1.34276207384044	2.3700195647531799	3.5646454817731601	2.51211583535135	4.8395383077999403	3.7510872327929099	2.3946559427651701	2.6511921628383801	1.9365782561164799	0.99213078419887202	4.4362964302747097	2.6128865686390998	3.6719329344060099	2.2045584711371902	2.0983836291242399	3.48946479274304	3.2756846093486902	4.37716912304594	3.5266577763224198	2.02971965943921	2.4239017076310101	1.9896656771229499	5.23372035599174	4.7508473469567898	5.2178259185646496	2.4765122955146799	1.6833798679029499	1.58308596773802	2.8800720617884599	2.1400270551832099	1.22228223814311	2.2840306582726302	3.3549978521098698	4.6130425744639298	1.29046937470532	1.72963268081578	1.8043365367230999	3.6223422896335	5.2307004128805898	3.6774959875054898	2.5537592614103302	1.6604918780079501	0.82682863495714998	1.30048287028439	1.3516629587996101	2.3649333447765102	1.41237970977109	2.5294407721468799	2.8149048683373898	3.2251402983305502	2.15846460259863	2.3078723144132698	2.5043275610120799	2.0723167517438101	1.7766802155999599	2.2678183320969998	2.1219073965163302	1.98521523464337	2.7162004119151701	3.78239927452428	2.8322298051329202	2.67010654337661	1.84168846467676	1.6023182370247999	1.3637427312442001	0.78947670700349204	2.9584316383039999	1.6992743053300401	2.09615840788444	3.43319848425114	3.1178528456976999	2.4877973460879099	2.7950368215535302	2.59063435624117	1.9537442485377301	1.98728151150889	2.4207228201455999	3.4576759178888601	2.3978348302505901	0.81045736440724903	2.0867806898024601	4.1444745591133598	2.4758765180175901	2.7610227254595601	2.8808667836598101	3.95946330746205	3.5876924160424402	2.3108922575244102	2.3743110628584998	2.1756305950198902	1.00675366663179	1.8443905190393599	2.73638634744758	4.19040948327764	4.3371151407296704	3.1593373273824001	2.4337562588358099	2.6759874852246401	2.9697166888772402	2.5246724409187502	2.6511921628383801	0.91440698518040897	0.84494829362403101	1.39632632796973	0.96415657432719604	1.13947221914798	2.0055601145500401	2.8408128013435499	2.0077853357898299	2.58936280124701	2.3932254433967302	1.5004348931171601	1.42477737096422	1.8167341979162299	1.7404408982662001	2.3755826178526598	2.3925896658996502	4.3172470939458103	2.14479538641134	1.7539511700792301	0.77215177020796499	2.6581857153063	1.59993407141074	2.26702361022565	3.0773220302586299	1.51680616366706	2.4773070173860301	1.1854071433122699	2.8770521186773101	1.87776883763625	3.3408518027997598	3.5352407725330499	2.7095247481958	1.38535916614504	2.1467027189025898	1.2696476616758401	2.9083641604086701	2.68743148017214	2.7723077760327999	3.29046643615589	4.6497587249205097	5.9216316078361402	5.2078124229855902	6.2754417849631299	5.4454342625205596	3.5895997485336899	2.67296754211349	1.4292278134438099	0.75085322405566701	3.1844505385172002	2.77866555100363	2.20201536114886	3.5829240848143198	1.80989958982258	2.3356875799106702	1.62139156193731	0.97925628988293001	2.4730155192807199	1.17014848338226	3.8873025615430601	3.0305923842229898	4.4429720939940802	3.3694617901685202	2.45839263684779	1.4478243052335	1.6325176681362701	2.3577808479343201	1.8086280348284101	1.6032719032704299	2.17435904002572	2.8266667520334399	1.7264537933303601	2.93983514651431	2.0770850829719398	1.1776188689729901	0.76134355275754495	1.6058150132587601	3.0353607154511102	1.1072065111709899	3.0604739265859102	3.5371481050243001	3.3839257282271702	1.52856804736311	1.0277343240355501	3.4878753490003298	2.53770587960897	1.4053861573031701	1.1885860307976801	2.0767671942233998	2.2101215242366701	1.8966832181744799	3.1947819228448102	3.6046994640894301	4.4815955769419098	3.8199101468522101	2.9317289834264901	2.9344310377890999	3.2129015815116899	5.0345630550303202	2.2379367897340798	3.3772500645077899	4.2495367905064096	1.9752017390643	2.2892758226235701	2.64292705537629	Day


Infiltration rate (ACH)


Wind speed (m/s)
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Heat transfer rate (due to air leakage) (W)



Refrigeration period	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	300	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Daily solar energy	 01/01	 01/02	 01/03	 01/04	 01/05	 01/06	 01/07	 01/08	 01/09	 01/10	 01/11	 01/12	 01/13	 01/14	 01/15	 01/16	 01/17	 01/18	 01/19	 01/20	 01/21	 01/22	 01/23	 01/24	 01/25	 01/26	 01/27	 01/28	 01/29	 01/30	 01/31	 02/01	 02/02	 02/03	 02/04	 02/05	 02/06	 02/07	 02/08	 02/09	 02/10	 02/11	 02/12	 02/13	 02/14	 02/15	 02/16	 02/17	 02/18	 02/19	 02/20	 02/21	 02/22	 02/23	 02/24	 02/25	 02/26	 02/27	 02/28	 03/01	 03/02	 03/03	 03/04	 03/05	 03/06	 03/07	 03/08	 03/09	 03/10	 03/11	 03/12	 03/13	 03/14	 03/15	 03/16	 03/17	 03/18	 03/19	 03/20	 03/21	 03/22	 03/23	 03/24	 03/25	 03/26	 03/27	 03/28	 03/29	 03/30	 03/31	 04/01	 04/02	 04/03	 04/04	 04/05	 04/06	 04/07	 04/08	 04/09	 04/10	 04/11	 04/12	 04/13	 04/14	 04/15	 04/16	 04/17	 04/18	 04/19	 04/20	 04/21	 04/22	 04/23	 04/24	 04/25	 04/26	 04/27	 04/28	 04/29	 04/30	 05/01	 05/02	 05/03	 05/04	 05/05	 05/06	 05/07	 05/08	 05/09	 05/10	 05/11	 05/12	 05/13	 05/14	 05/15	 05/16	 05/17	 05/18	 05/19	 05/20	 05/21	 05/22	 05/23	 05/24	 05/25	 05/26	 05/27	 05/28	 05/29	 05/30	 05/31	 06/01	 06/02	 06/03	 06/04	 06/05	 06/06	 06/07	 06/08	 06/09	 06/10	 06/11	 06/12	 06/13	 06/14	 06/15	 06/16	 06/17	 06/18	 06/19	 06/20	 06/21	 06/22	 06/23	 06/24	 06/25	 06/26	 06/27	 06/28	 06/29	 06/30	 07/01	 07/02	 07/03	 07/04	 07/05	 07/06	 07/07	 07/08	 07/09	 07/10	 07/11	 07/12	 07/13	 07/14	 07/15	 07/16	 07/17	 07/18	 07/19	 07/20	 07/21	 07/22	 07/23	 07/24	 07/25	 07/26	 07/27	 07/28	 07/29	 07/30	 07/31	 08/01	 08/02	 08/03	 08/04	 08/05	 08/06	 08/07	 08/08	 08/09	 08/10	 08/11	 08/12	 08/13	 08/14	 08/15	 08/16	 08/17	 08/18	 08/19	 08/20	 08/21	 08/22	 08/23	 08/24	 08/25	 08/26	 08/27	 08/28	 08/29	 08/30	 08/31	 09/01	 09/02	 09/03	 09/04	 09/05	 09/06	 09/07	 09/08	 09/09	 09/10	 09/11	 09/12	 09/13	 09/14	 09/15	 09/16	 09/17	 09/18	 09/19	 09/20	 09/21	 09/22	 09/23	 09/24	 09/25	 09/26	 09/27	 09/28	 09/29	 09/30	 10/01	 10/02	 10/03	 10/04	 10/05	 10/06	 10/07	 10/08	 10/09	 10/10	 10/11	 10/12	 10/13	 10/14	 10/15	 10/16	 10/17	 10/18	 10/19	 10/20	 10/21	 10/22	 10/23	 10/24	 10/25	 10/26	 10/27	 10/28	 10/29	 10/30	 10/31	 11/01	 11/02	 11/03	 11/04	 11/05	 11/06	 11/07	 11/08	 11/09	 11/10	 11/11	 11/12	 11/13	 11/14	 11/15	 11/16	 11/17	 11/18	 11/19	 11/20	 11/21	 11/22	 11/23	 11/24	 11/25	 11/26	 11/27	 11/28	 11/29	 11/30	 12/01	 12/02	 12/03	 12/04	 12/05	 12/06	 12/07	 12/08	 12/09	 12/10	 12/11	 12/12	 12/13	 12/14	 12/15	 12/16	 12/17	 12/18	 12/19	 12/20	 12/21	 12/22	 12/23	 12/24	 12/25	 12/26	 12/27	 12/28	 12/29	 12/30	 12/31	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.11817353246839796	0.11513559725696314	0.64958941912477874	1.0359757572684845	3.9658138752596512	5.6057565895523673	7.6924944139486451	8.6881501074666794	12.179340060612276	0.59671872678372861	20.977646550970636	24.457470412859028	29.141405858705888	34.00470540429702	38.255754851189629	44.225811885568248	48.469850689712985	58.061285091085438	45.889358500560817	62.040426414327435	64.724282657027686	71.565617379201115	76.955324925388211	83.592919123334866	76.694998296026199	30.383770232186173	82.634240308947255	75.268012176428059	90.405865956675342	111.38983906004773	29.668292267883562	112.65529394941046	111.67908855321252	22.324327268444542	85.82989683150825	89.002092591330239	129.02468172799698	143.67922456409963	135.14181704332782	79.442615212167638	106.43500482914141	137.24350702885064	140.16907825114993	75.696099788635863	150.87877349041725	127.61073126375636	65.312247632368653	108.35281975203773	103.16601844675326	119.68611751746721	188.25197593668412	130.757068825869	191.52790619768334	167.53163193265161	159.7077661017787	177.51672602393518	201.9743627180946	178.45523070911156	176.41904688865296	205.76428421545447	40.183721598303016	147.48497157269227	93.907765446067089	204.1254103523907	158.44807469590444	99.366970118021769	190.26588992042957	204.84856164758898	133.96806136651861	227.60855706808397	223.15751463867051	226.10894191895181	223.20421583532374	179.95163952427802	224.09514603715004	228.44487768352923	218.79203266737261	216.3185504251343	134.30705983853491	145.92275709733474	207.16786841650972	243.37541180380308	240.69502070142278	235.62977623421708	235.71312639417849	133.72065251971239	123.00189375313525	201.04121335519133	229.90460410822797	192.13139163084449	135.38591955608698	199.8612105762283	191.05499704913663	241.75379636751569	223.12815134253907	241.40432058676751	229.09019561969316	140.03519882631414	221.61867766732647	208.03970268855448	166.61565800852983	158.8891691305719	149.79076024670081	226.75796726180639	196.85694013530517	105.87704942678101	60.644658668879778	95.796567306564739	233.12161969697127	210.44071299774362	129.93172269320476	98.886289123630178	213.37963965161353	238.84640396460077	249.68171435873768	220.91787859355151	71.682825552587403	238.09436517586204	120.35814849352694	242.58563986817194	176.61476336646913	92.775784590613824	264.27704232311822	237.23613345939293	100.59686846278002	205.98670023581934	237.76578144429467	87.114504481223506	71.646379811664659	93.360367896665181	253.12576339824545	244.77514794570567	260.6573311911892	165.87759532333851	243.70165829591099	105.93235117645217	56.155969412201159	55.709120122068995	107.38451707093822	122.51299235669424	107.20391442100971	149.47240270240187	119.59664317257618	173.31295008692109	133.37505882211391	202.97882997849678	259.42560024815475	250.90746492471808	235.8977508841773	249.71311754448729	162.83640807398228	162.60515531335554	119.92666357312436	151.48086701234055	129.65377993412878	167.34237783568366	101.54882975187485	134.81607884114226	103.82492286720287	74.881238586372959	212.52351819304636	118.98740274346866	77.169357956709987	112.86270949481739	130.23433926606901	145.67784994460811	177.13687686053515	164.68632097946315	217.17582774254168	204.92743856827735	201.9740675157025	79.630836650497443	53.500550321256391	191.69502139309671	188.55794041333803	99.488882812956675	174.8460831971945	133.55804130727159	88.394751901286853	71.702381993629615	62.329471867887165	63.61775834275592	64.944325309190802	172.18109526134762	115.65962454328329	58.230436303741634	110.73653706146236	208.37635625773882	130.22077177514831	120.26760355317252	83.694384724212853	135.96964062560727	128.93661584679924	204.75128349932587	185.77754385119056	104.73333687358078	186.23868640355263	210.1637600215937	146.24754795522614	112.50873782777865	100.93214198251968	102.23580367701858	163.59683761450847	189.53894449496491	201.39665269815433	152.98026283278546	66.583334085036384	58.402992753016598	140.10716622155095	147.35331055415776	30.300705009431205	194.84336215437744	37.956454659669163	57.449194714689789	57.004990500657762	65.236722589506513	61.42345617950626	49.468476466961206	105.73639503987032	201.34380414983718	142.79460089756802	82.922501247644334	104.26515628592313	41.813364836896795	52.169903820315184	78.32977817432679	78.904969733292191	119.54117797332211	133.61068292851775	47.013687199105263	25.189215044934723	80.919900850500099	47.88533391896997	48.947629884468604	112.93224613350085	158.65128340433969	109.57872956467921	191.14369140804871	141.85462440241747	79.164250576509502	45.315913162175313	75.055764066760517	94.763769346936712	173.48618701139173	15.203506650149395	55.849811991658541	37.912942275997686	30.147407083227364	13.483655069004351	30.293797392251701	124.98666203011429	17.871944135242977	89.498300335056484	11.383640995169987	61.483768532796887	93.059686716556882	9.340713201511841	82.929741211197893	15.063921729401594	95.49444146792726	13.998300662186601	23.87245221875714	16.054501131608955	16.880910612396161	21.386915873131738	87.965730559884577	92.74181968311656	109.44841116537484	135.47130217871037	40.062222560672794	25.93310666173879	88.360481651451735	97.850437156908569	30.776627078070387	67.840697705681379	23.296802623683721	45.244792652984998	44.388787877859869	27.543382630356163	105.00043183099746	87.891809781944431	60.162401472287314	101.24062657093792	55.573775940123774	28.633381398348313	9.1252667182394571	72.456075072136215	33.475002108532316	15.226295472348442	37.382768557390428	6.0778776084165873	58.841020236039959	10.218475753199348	53.287329285893193	30.175646131513808	14.123424427859037	1.9887855089828674	9.2777962054339298	28.98277848919226	5.4984554847520091	10.250540462475197	16.316325695826642	16.219818882182224	10.994824113851559	7.3871981536976445	5.2588531612454936	3.9018941580159003	2.0340745222926708	5.1609351821837776E-2	0.73326391405931324	0.59961395779170756	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Daily PV electricity	 01/01	 01/02	 01/03	 01/04	 01/05	 01/06	 01/07	 01/08	 01/09	 01/10	 01/11	 01/12	 01/13	 01/14	 01/15	 01/16	 01/17	 01/18	 01/19	 01/20	 01/21	 01/22	 01/23	 01/24	 01/25	 01/26	 01/27	 01/28	 01/29	 01/30	 01/31	 02/01	 02/02	 02/03	 02/04	 02/05	 02/06	 02/07	 02/08	 02/09	 02/10	 02/11	 02/12	 02/13	 02/14	 02/15	 02/16	 02/17	 02/18	 02/19	 02/20	 02/21	 02/22	 02/23	 02/24	 02/25	 02/26	 02/27	 02/28	 03/01	 03/02	 03/03	 03/04	 03/05	 03/06	 03/07	 03/08	 03/09	 03/10	 03/11	 03/12	 03/13	 03/14	 03/15	 03/16	 03/17	 03/18	 03/19	 03/20	 03/21	 03/22	 03/23	 03/24	 03/25	 03/26	 03/27	 03/28	 03/29	 03/30	 03/31	 04/01	 04/02	 04/03	 04/04	 04/05	 04/06	 04/07	 04/08	 04/09	 04/10	 04/11	 04/12	 04/13	 04/14	 04/15	 04/16	 04/17	 04/18	 04/19	 04/20	 04/21	 04/22	 04/23	 04/24	 04/25	 04/26	 04/27	 04/28	 04/29	 04/30	 05/01	 05/02	 05/03	 05/04	 05/05	 05/06	 05/07	 05/08	 05/09	 05/10	 05/11	 05/12	 05/13	 05/14	 05/15	 05/16	 05/17	 05/18	 05/19	 05/20	 05/21	 05/22	 05/23	 05/24	 05/25	 05/26	 05/27	 05/28	 05/29	 05/30	 05/31	 06/01	 06/02	 06/03	 06/04	 06/05	 06/06	 06/07	 06/08	 06/09	 06/10	 06/11	 06/12	 06/13	 06/14	 06/15	 06/16	 06/17	 06/18	 06/19	 06/20	 06/21	 06/22	 06/23	 06/24	 06/25	 06/26	 06/27	 06/28	 06/29	 06/30	 07/01	 07/02	 07/03	 07/04	 07/05	 07/06	 07/07	 07/08	 07/09	 07/10	 07/11	 07/12	 07/13	 07/14	 07/15	 07/16	 07/17	 07/18	 07/19	 07/20	 07/21	 07/22	 07/23	 07/24	 07/25	 07/26	 07/27	 07/28	 07/29	 07/30	 07/31	 08/01	 08/02	 08/03	 08/04	 08/05	 08/06	 08/07	 08/08	 08/09	 08/10	 08/11	 08/12	 08/13	 08/14	 08/15	 08/16	 08/17	 08/18	 08/19	 08/20	 08/21	 08/22	 08/23	 08/24	 08/25	 08/26	 08/27	 08/28	 08/29	 08/30	 08/31	 09/01	 09/02	 09/03	 09/04	 09/05	 09/06	 09/07	 09/08	 09/09	 09/10	 09/11	 09/12	 09/13	 09/14	 09/15	 09/16	 09/17	 09/18	 09/19	 09/20	 09/21	 09/22	 09/23	 09/24	 09/25	 09/26	 09/27	 09/28	 09/29	 09/30	 10/01	 10/02	 10/03	 10/04	 10/05	 10/06	 10/07	 10/08	 10/09	 10/10	 10/11	 10/12	 10/13	 10/14	 10/15	 10/16	 10/17	 10/18	 10/19	 10/20	 10/21	 10/22	 10/23	 10/24	 10/25	 10/26	 10/27	 10/28	 10/29	 10/30	 10/31	 11/01	 11/02	 11/03	 11/04	 11/05	 11/06	 11/07	 11/08	 11/09	 11/10	 11/11	 11/12	 11/13	 11/14	 11/15	 11/16	 11/17	 11/18	 11/19	 11/20	 11/21	 11/22	 11/23	 11/24	 11/25	 11/26	 11/27	 11/28	 11/29	 11/30	 12/01	 12/02	 12/03	 12/04	 12/05	 12/06	 12/07	 12/08	 12/09	 12/10	 12/11	 12/12	 12/13	 12/14	 12/15	 12/16	 12/17	 12/18	 12/19	 12/20	 12/21	 12/22	 12/23	 12/24	 12/25	 12/26	 12/27	 12/28	 12/29	 12/30	 12/31	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	4.831544601697488E-3	0.2619940580703336	0.65711251895083678	1.4472907752897335	4.3742868307225201E-2	3.3748721050910162	4.3911650936122077	5.4846080909235839	6.7284310750209366	7.859377565418912	9.3594757854819601	10.565143539333048	12.496739289547849	9.9298243339853762	13.508390722223568	14.322941385272086	16.149518236538952	17.407287044232572	18.830732337159311	17.458782314377537	6.730248189570097	19.01072546402143	17.371186174009633	20.785366471502304	25.952764983374639	6.5686568927035207	25.942141742744401	25.859584195367038	4.7432844640900553	19.888857030433797	20.732494609626073	30.288101990085597	33.969839008872718	32.267381575929114	18.916299792128569	25.359258360919441	32.755015983925681	33.389867012002796	17.560005764277768	35.887599173926326	30.754699343310481	15.689754227372759	25.531723030634879	24.29137196036568	28.661537674337282	44.73715957620648	31.192749729709202	45.569219150753767	40.120184109795119	37.774434313765916	41.770517299860238	47.557808850890396	42.027131481771839	42.174462765438719	48.585178570286637	9.4338515458700165	34.215583548801121	21.652699444200863	47.200265991471362	36.835998482556242	22.865411841305015	44.408953513974957	47.169384651460803	31.442379302631359	52.961415604592872	51.95125524278567	52.607160590475601	51.717710242686238	40.571511104728557	50.738663586826078	52.360745252573764	49.736468683751042	48.853177950062644	30.83337134308368	32.448654292588799	47.35377476077992	54.923079195932161	54.265226906660637	53.324318940786242	52.550401390301282	30.32176834062432	27.996740213077199	45.612955814090398	51.747597199770006	43.511409664193998	30.366077118564721	43.59140976518664	42.31785895396056	53.502507649799036	48.742671302832953	52.479399852623523	50.643214064938554	31.245420320146561	49.44672489098496	45.412684770684486	36.222427872467279	35.291398764914163	33.172907507134326	49.680428472752638	42.9321945757656	23.329807511836947	13.216038102916944	21.145932928678704	49.7530094002908	46.427364365124959	28.880434408967282	21.973567246443672	46.335748314568072	51.814481134882563	53.415390974211611	48.541635658945438	15.487649220075143	51.303958142026794	25.93053328452984	51.600184387103766	38.76281842735056	20.511726026526791	57.003836467110482	50.468148730326476	21.704235726008566	44.196223439814958	50.096687742949918	19.166969892588455	15.492770795777039	20.332410681807815	53.231890240155842	50.988275197387921	54.016825841395914	35.477975591267516	50.931037678343998	22.531518059685169	11.84677434590575	11.777267171166695	23.15033096471587	26.40952345701432	22.731189358133545	31.786642745387038	25.438413690874558	37.094883714834474	28.692875182675682	42.66356440157184	53.371197241930318	50.421215121251286	46.7910201214452	50.21357906298384	34.446774967071363	34.152685566991444	25.29720165328488	31.703303448581281	27.122035203450483	34.996802520039601	21.336843953639399	28.171568933808238	21.769645779252649	15.621767001317473	43.192743712553757	24.476541852183122	16.111966953294431	23.253851195271551	26.843224997423039	29.687463130649522	35.769127198305362	33.367770990470646	43.314100217253362	40.865527249427757	40.151636321823119	16.369027122108673	10.847255452948801	38.471839550848557	37.78310663950608	20.392754501748431	35.555376623569686	27.2827555014672	18.444798041981809	14.821231161266928	12.653690901843479	13.157668361111162	13.659273317123352	34.316210622222727	23.224144003528345	11.488332754552175	23.286269481798357	41.981130246307195	26.910334256683441	25.085581203354	17.424714199289735	28.021527192098162	26.490930807593998	41.402830991419918	37.266015552921836	21.445480758633771	38.19718037022912	42.615342026176087	30.407182441371123	23.777357900008898	21.10003890489449	21.225982358073669	33.37421482895904	38.957839103324645	41.040037943199117	31.851418152777601	13.824033521935585	12.032238272882399	28.83940682793552	30.20993460168528	6.1037725865227923	40.021255680242639	7.8673418830932951	12.182499462908066	12.058272259916231	13.794589802609568	12.946697928913848	10.387833367087417	22.238681139314615	41.462968781853363	30.031915367345281	17.595122233143574	22.240100575583831	8.7531203668006068	11.089047695660232	16.623524010863978	16.727850959150114	25.249457543618643	28.25959834652928	10.167628641764567	5.2202887054276799	17.121365718539352	10.041785352811777	10.282141536053519	24.298922478401281	33.754128257717284	23.288588568817197	40.315702020914401	30.281149926262799	17.224610020132534	9.6260909477068299	16.263943087710217	20.241993306281643	36.995553222843839	3.0758937195221279	12.2996046290124	8.3518261939739755	6.4940835317569432	2.8094935357815598	6.5475225594440882	27.5901691546512	3.7481628462099117	19.86162606024341	2.3199121231721254	13.685698589483593	21.042395135229693	1.875676900427016	18.466381618166569	3.144649275997248	21.157354516738295	2.9385750091812244	5.1287515542463682	3.4612873101908646	3.5970161455214642	4.5562509125159991	19.799428385494608	20.988417057418246	24.58704474416712	30.44875426589736	8.8499373581832472	5.7262925423819526	19.813327436316889	22.00694998758096	6.7834700745962158	15.042160895028049	5.0990845908727911	10.101894300387793	9.7065300845541849	6.1898173378943753	23.733877250443008	19.707454377552502	13.434396045385752	22.734542158541881	12.492606117414697	6.2975674793544236	1.9623291492336457	15.98207581132567	7.2436029285633357	3.2824419693856322	8.1372940378776715	1.1828963371236072	12.744548907263448	2.1151981932934176	11.479189312767769	6.3962780030536086	2.8273670308192558	0.34104960970600795	1.5804335914088783	5.5808114161266476	0.94619373697416231	1.8543747068776415	2.5974210579355681	2.3115957849746955	1.2658808927067096	0.694968826017348	0.3022549978198128	5.0438584309575117E-2	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Daily PV efficiency during operation	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	8.618898313748043E-4	3.4058400821879706E-2	7.5633191280397888E-2	0.11883162536615927	7.3305673751846434E-2	0.16087944359682524	0.17954289709795421	0.18820670895275554	0.19786764787471722	0.20544301363261458	0.21162925871658539	0.21797351114133606	0.21523359791198562	0.21638620931831121	0.21773529782032544	0.22129162035165356	0.22566029369897445	0.22619990314003288	0.22526707446806621	0.22763912513551915	0.22150800042716892	0.23005869471233023	0.23079108470795814	0.22991170154227769	0.23299041638245022	0.22140326896449666	0.23027894059194506	0.23155260783710227	0.21247155208993432	0.23172411670816057	0.23294390059819381	0.23474657394573059	0.23642832923083984	0.23876681756901247	0.23811275272860477	0.23826050838846013	0.23866350177892268	0.23821136179675828	0.23198032412911748	0.23785717728018019	0.2410040208902505	0.24022683028285402	0.23563505858973935	0.23545904287178734	0.2394725325613003	0.237645099625691	0.23855497840234566	0.23792469753060433	0.23947826238524075	0.23652221326352402	0.23530468500319332	0.23546458179580512	0.23550518141033128	0.23905844357076234	0.23612056268916623	0.23476798988843317	0.23199369524871877	0.23057411004669678	0.23123170167784335	0.23247993737539796	0.23011078846569372	0.23340470292676774	0.23026466123110303	0.23470056207359183	0.23268639934635962	0.23280083275216376	0.23266289313463998	0.23170579484413809	0.22545785752207545	0.22641571887690384	0.22920516224097831	0.22732303401269144	0.22583905935968374	0.22957371995300785	0.22236870340206497	0.22857683058057754	0.22567225994139606	0.2254522206089819	0.22630551958671652	0.22294219331010978	0.2267545646036572	0.22761226968803136	0.2268836078575755	0.22508290949845328	0.22646694688911387	0.22429272717673437	0.21810840452485203	0.22149569290290275	0.22130989648850924	0.21845146392130857	0.21739213169451518	0.22106233716352519	0.22312547546635259	0.22311623465784697	0.21828854869433012	0.2174011032661341	0.22211330676612959	0.22146164057448911	0.2190901121255574	0.21808829572509419	0.22034810790577056	0.21792583869713236	0.22073789826944684	0.21342082928629033	0.22061968762490727	0.22227392826276818	0.22221045446423573	0.21715168509151472	0.21693640881678061	0.21393393229215596	0.21972705861553726	0.21605801809128203	0.21547741419303434	0.21544476721428152	0.21270914640761424	0.21947666032266588	0.22108922190243566	0.21569726967586828	0.21273381923063997	0.21575458617818652	0.2145586263055716	0.21069763461605134	0.22002042032758926	0.2162394085577326	0.21778417480437207	0.21029819140300446	0.20830658514686215	0.20723309639725876	0.2138804551760696	0.20898929467481001	0.21269723374830302	0.21096197732688005	0.21140644737092459	0.21558350864885634	0.21556508374331024	0.2120369342938723	0.21265894018358655	0.21270173657104494	0.21403411398992628	0.21512924107455639	0.21018726143062083	0.20572833672111718	0.20095542050285189	0.19835297261659343	0.20108506736350409	0.21154221819619717	0.21003445740189469	0.21093892633692846	0.209289160234332	0.20918815646740083	0.2091329343628878	0.21011412938754684	0.20896297515820517	0.20967649364013577	0.20862057434183992	0.20323747733801162	0.20570700164750561	0.20878710643585796	0.206036620061291	0.20611480158533516	0.20378844925249617	0.20192930931297498	0.20261410171784516	0.19944254693299249	0.19941461980364458	0.19879599799960224	0.20556141076292983	0.20275035280597964	0.20069295108064814	0.20037929220419834	0.20497520853749737	0.2033524341718865	0.20427639724589003	0.20866394944554723	0.20670486459687934	0.203012965177438	0.20682382881554973	0.21032281499720679	0.19930301041548934	0.20079733178484577	0.19729085824854081	0.21028533219233436	0.20146782005527114	0.20665162623325109	0.2085813674025957	0.20819454323855913	0.20608664598338908	0.2054570040760971	0.20221036119442071	0.20059483390937841	0.20476269923987728	0.2050979906906199	0.20277207650737447	0.20791584451508424	0.21133787792025358	0.20905173010742981	0.20761789504908076	0.20400281151889008	0.20554002348767728	0.2037771601135217	0.20820606242252757	0.20762002551990455	0.2060209195745524	0.2058381994703388	0.20501700632360084	0.20143995278733517	0.205402202249688	0.20727283287215922	0.21205692305018498	0.21153011611811592	0.21145436580881305	0.21077775062148768	0.20998894869999077	0.21032191546656204	0.20593118798429583	0.21031548236819061	0.21218754823369992	0.21330328719400266	0.2093378612542732	0.21255641440040587	0.2122248319645117	0.21199996674090568	0.21121974847239283	0.21150702718620396	0.21626954292489681	0.20724300841115026	0.2115841163741804	0.20970482047392977	0.2100641350832006	0.21516372258882321	0.21275672993890188	0.21252836806317443	0.21091829776819293	0.21346607524306238	0.21758066165845336	0.21242186852237196	0.21669145987567034	0.2136047715891746	0.2132478317735727	0.20231475476691446	0.22022642853031285	0.22028958167304877	0.21541101408253294	0.20836290467262866	0.21613409750732537	0.22074490754864406	0.20972328571790008	0.22192182405573138	0.20379350720533532	0.22259043185004707	0.22611719292931917	0.20080660437400308	0.22267501801480452	0.20875369193266297	0.22155587478716443	0.20992369574680966	0.21483974529506394	0.21559606753373969	0.2130818785853926	0.21303917495836749	0.22508115671267823	0.22631017084991636	0.2246450586387817	0.22476165635235512	0.22090480239283619	0.22081012572359543	0.22423290441617191	0.22490395165319091	0.22040979530956195	0.22172768564802556	0.21887486764767539	0.22327197690718836	0.21867076233896407	0.22472974438050475	0.22603599658183945	0.2242240138921453	0.22330219068090318	0.22455947704563148	0.22479318538431625	0.21993795953549838	0.21504348418785055	0.22057606343448977	0.21638842336971925	0.21557718851224694	0.21767499711491969	0.19462325721820123	0.21659292881290743	0.20699742744226415	0.21542061624406961	0.21196822017254779	0.20018990757242683	0.1714863710367803	0.1703457972576754	0.19255612149841825	0.17208354957098237	0.18090506677829024	0.1591915426522732	0.14251674459287747	0.11513425586425895	9.4077458267378816E-2	5.7475458726865741E-2	1.2926692080039137E-2	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Day


Solar energy/electricity (kWh)


PV efficiency (%)




Annual PV Generation (AC output, 96% inverter efficiency) (kWh)	
6	12	18	24	1423.8387196293111	2993.6646954931598	4307.550011048419	5576.2965613259094	Total Rated PV Power (kW)


Annual PV Generatiion (MWh)



Insufficient refrigeration (power gaps 	>	 250 W) (%)	0	0	0	0	0	0	0	0	4.1666666666666666E-3	4.5698924731182797E-2	0	0	Monthly energy demand (kWh)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	186.21497756326468	195.80534338965805	275.74238443311503	474.07109756386734	797.37422974369554	966.37212865142737	1066.3299347573784	894.73593931568678	717.90680647261172	509.26158845079175	241.47939221420688	187.43264878550644	Monthly PV generation (kWh)	44.504308342938813	1061.4452918909356	2498.3234743757803	3212.7990630066097	3578.1353651853133	3252.9637150531021	2748.7425512943869	1951.5057466481639	1182.8963469883765	844.3948882282707	151.73942199934103	0	Monthly wind generation (kWh)	123.48311800872227	40.735147325092193	159.52105382401228	147.99182893460448	262.49789368900025	133.91621887381888	140.84857712330196	110.30035294473211	284.65456488213471	145.29358835227109	202.69160807949083	178.60585817509065	
Energy (kWh)


Percentage (%)




Cost ($)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	4108.88	2520.69	3856.58	2385.44	3784.49	5366.01	5502.05	5857.41	4866.46	5506.81	4177.4399999999996	1989.85	Usage (kWh)	
Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	3533	2385	3703	1970	3235	4665	4788	5114	4218	4797	3595	1617	
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