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ABSTRACT 

The population of Antarctica consists of scientific research personnel. The number of residents ranges from about 1,100 

in the winter to about 4,400 in the summer and up to 1,000 additional personnel in the nearby waters. Even in summer, 

Antarctica's sub-zero temperature increases the energy consumption of buildings for heating purposes. At the same time, 

the absence of a grid system necessitates the use of off-grid fossil-based or renewable energy systems. Considering the 

natural environment and building conditions in the studies, the multiple evaluation of the ground process for research 

stations is grouped into four main criteria: scientific research, environment, logistical support and topography. In these 

studies, the capacity of the renewable energy system requirement was not examined. For this reason, in this study, the 

capacities of the optimum hybrid renewable energy systems in 16 locations selected from different regions of Antarctica 

were compared. In the study, typical meteorological climate data of 15 locations were obtained. The daily energy demand 

is obtained by calculating the daily electricity consumption of the electrical devices and heating system that can be used. 

Results of this study shows that according to purpose of the site, many locations that meets the requirements may exist 

with extremely different energy demands. In site selection, first the possile locations that supply the requirements should 

be determined, than energy demands and required systems should be compared. 
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1. INTRODUCTION 

Antarctica has long been a significant location for scientific research. The demand for new 

research stations is increasing due to the Antarctica's extreme climatic conditions, 

transportation difficulties and isolation of its location. Multiple evaluation criteria is considered 

to locate research stations suitable for the extreme nature of the Antarctic environment. Spatial 

multi-criteria decision-making (SMCDM) method determines the optimum solution for various 

spatial problems. SMCDM needs spatial data to evaluate the optimum location [1]. Wind speed 

is one of the criteria. Wind speed is important for more than one reason. The impact of 

construction and operation activities of research stations on the Antarctic terrestrial ecosystem 

needs to be minimized. Therefore, sub-criteria focusing on the environment include physical 

(temperature and wind speed) and ecosystem factors. Prevailing winds can cause significant 

snow accumulation that can disrupt construction. Topographic conditions are essential for the 

construction of a station. High snow accumulation rates and strong winds are the main reasons 

for abandoning Antarctic research stations. Wind speeds above 8 m/s on the Beaufort scale in 

the summer indicate that a location may not be suitable for long-term field operations due to 

risks to personnel and buildings [2]. Indeed, wind energy serves as a primary renewable energy 

source in Antarctica due to limited solar radiation. Antarctica's population consists of scientific 

research personnel. The number of Antarctic inhabitants is about 1,100 in winter and about 

4,400 in summer. The distribution of the population is shown in Figure 1. 

 

 
Figure 1. Antarctic population [3] 

 

Even in summer, Antarctica's sub-zero temperature increases energy demand. Also, the absence 

of a grid system necessitates the use of off-grid fuel based or renewable energy systems. The 

most abundant and continuous renewable energy source in this region is wind energy. However, 

in addition to the high wind potential, the standard deviation value and turbulence are also quite 

high. Conditions in the South Shetland Islands coastal region were characterized in a study 
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evaluating potential locations for the Colombia science station. This study demonstrated the 

rapid variability of atmospheric conditions in the South Bay with average wind speeds of 4-8 

m/s with gusts up to 20 m/s for less than a year [4]. For this reason, wind turbines to be installed 

in the region should be selected from turbines that are resistant to high-speed winds, even at 

locations with low average wind speeds. 

 

As of 2021, 29 facilities have installed renewables energy systems in Antarctica. However, only 

one permanent and four summer stations are able to meet more than 50% of their energy 

demand with renewable systems in order to decrease fuel cost, reduce the greenhouse gas 

emissions, supply electricity during the winter months and develop and/or testing of new 

technologies. Antarctica possess extreme weather conditions and hard-to-reach locations which 

make usage of renewable energy systems under stress [5]. Figure 2 represents the locations of 

renewable energy systems in Antarctica. 

 

 
Figure 2. Year-round (  ) and seasonal (  ) renewable energy systems in Antarctica [6] 

 

Studies are conducted to design hybrid renewable energy systems. Design of a photovoltaic-

wind power station to be installed in the French-Italian Antarctic Base is described in a study. 

It is one of the three bases far from coast and is open all the year. The electrical demand of the 

station is presently supplied by diesel generators. An experimental study has been conducted to 

collect the necessary solar irradiance and wind data of the site. Models of the PV panels and 

wind turbine, previously set up and validated, have been used to simulate the plant behavior 

and to estimate the possible contribution of renewable energies to the base supply in the 

different seasons [7]. Design and analysis of a hybrid energy system for the Brazilian Antarctic 

Station is conducted in a study. The thermal and electrical annual profiles of the Station and the 

local measured weather data are used in study. In the renewables analyses, 25 years of local 

climatic data were assessed. The methodology supported the identification of an efficient and 
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feasible energy system for the Brazilian Station. The proposed system reached 37% of fuel 

saves considering the original demand profile of the Station [8]. China has built four stations in 

Antarctica so far, and Zhongshan Station is the largest station among them. Power supply of 

stations relies on fuel. The increase in energy demand and cost of fuel traffic from China to 

Zhongshan station in Antarctica were urgent problems. As a result, an off-grid renewable 

energy system is developed for the station. First renewable energy distribution of area of 

Zhongshan station are analyzed. The physical model, operation principle, and mathematical 

modeling of the proposed power system were designed. The renewable system is composed of 

wind turbine, PV, battery units and a control system. A case study in Antarctica was applied 

and the results of the case study showed that the scheme of standalone renewable energy system 

can satisfy the power demands of Zhongshan Station in normal operation [9]. A feasibility study 

at Neumayer Station III (NM3) in Antarctica has been conducted which is now operated with 

polar diesel resulting in high CO2 emissions. The station is modelled using the simulation 

program TRNSYS. Various scenarios that include wind turbines, photovoltaic systems, battery 

storage and thermal storage are applied to the developed model. Wind turbines found to make 

the largest contribution to increasing the share of renewables. Due to the limited space available, 

the PV system has only a share of 3 to 7 % on renewable energy [10]. 

 

As seen in the literature, weather data are considered in site selection in Antarctica. However, 

the electricity generated by the renewable energy system is not considered. To the best 

knowledge of the author, although hybrid system designs were carried out for a single location 

in literature, a study to compare the required hybrid renewable system for different locations of 

Antarctica has not been evaluated yet. This study aims to fill this gap.  

 

In this study, the wind speed and solar radiation potentials of 16 locations selected from 

different regions of Antarctica were evaluated and compared. In addition, the capacities of 

renewable energy systems to meet the energy demand of a team of ten scientists were compared 

for the selected locations. It is thought that the study will create a new criterion to be considered 

in the site selection process for the stations. 

 

2. MATERIALS AND METHOD 

In this section, the characteristics of the selected locations, the methods followed during the 

acquisition and analysis of the data are explained. Then, by calculating the total energy 

consumption for the required electrical device and heating demand per capita, the methods 
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followed during the determination of the required renewable energy system capacity are 

mentioned. 

 

2.1. Selected Locations, Data Acquisition and Analysis 

Sixteen locations from different regions of Antarctica were selected and compared in aspect of 

weather conditions and renewable energy potential. Locations close to the available areas on 

the suitability map are selected. The suitability map for the environment created for Antarctica 

is developed considering many criterias [2]. The locations selected in this study using the 

general suitability map and the names of the research stations located in the locations are shown 

in Figure 3. 

 

 
Figure 3. Selected locations 

 

The names of the stations, the country they belong to, the latitude and longitude information of 

the selected locations are given in Table 1. 

 

Table 1. Stations in selected locations 

No Name of station Country  Latitude  Longitude 

1 Belgrano,II,Stn ARG -77,8736 -34,6267 

2 Carlini,Stn ARG -62,2383 -58,6678 

3 Marambio,Stn ARG -64,2408 -56,6271 

4 Mawson,Stn-East,Antarctica AUS -67,6022 62,87242 

5 Dome,Plateau,Eagle,AWS CHN -76,418 77,03 

6 Kohnen,Research,Stn DEU -75,0012 6,88E-02 

7 Neumayer,III,Stn DEU -70,6666 -8,2667 

8 Dumont,d-Urville,Stn-Adelie,Land FRA -66,6628 140,0019 

9 Brunt,AWS-Halley,Research,Stn GBR -75,6055 -26,2066 

10 Fossil,Bluff,Stn GBR -71,3293 -68,267 
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11 Concordia ITA -75,1 123,4 

12 Leningradskaya RUS -69,5 159,383 

13 Mount,Siple USA -73,198 -127,052 

14 U-Wisc-Linda,AWS-Ross,Island,Vicinity USA -78,394 168,446 

15 Byrd,Stn USA -80,011 -119,438 

16 Amundsen,Scott-South,Pole,Stn USA -90 0 

 

The climate data of the stations are Typical Meteorological Year (TMY) data, which consists 

of the data obtained between 2007-2021 [11]. 

 

2.2. Energy Demand 

The devices likely to be used by the team, the usage duration and the device power obtained 

from the devices available in the market are assumed as given in Table 2. 

 

Table 2. List of devices used and daily energy demand 

Equipment 
Usage duration, 

hour/day 

Power, 

watt 

Piece of 

devices 

Energy demand, 

kWh/day 

Computer 10 100 10 10 

Mobile Phone 

Charge 
1 67 10 0,67 

Tea/Coffee Machine 10 200 1 2 

Toaster 1 700 1 0,7 

Electric Cooker 4 1400 2 11,2 

Oven 1 1400 2 2,8 

Television 3 200 1 0,6 

Lighting 16 10 10 1,2 

Refrigerator 24 44 2 2,1 

Laundry Machine 3 1500 1 4,5 

Electric Water 

Heater 
1 1200 6 7,2 

Total Consumption   43 

 

The station building is designed as an area of 200 m2 consisting of office space, bedroom, dining 

hall and kitchen. Wall/window ratio is 6% due to the high outdoor temperatures. Due to low 

window ratio, lighting equipment is on 16 hours a day as seen in Table 2. Indoor temperature 

is set to 20 °C during all year. The thermal conductivity value of the external walls and windows 

are selected as 0.2 W/ m2-K and 0.2 W/ m2-K respectively. The window/wall ratio was chosen 

as 6 % for each facade. Heating demand of the building is estimated using eQuest software. 

Developed model station is given in Figure 4. 
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Figure 4. Developed model site in eQuest software 

 

eQuest software does not include weather data of Antarctica. Therefore the data obtained from 

[11] is inserted to the software. 

 

2.2. Renewable System Analysis 

The turbulence index, mean wind velocity and average wind speed are calculated for each 

location. The mean wind speed was calculated by equation (1), 

 

𝑣𝑚 =
1

𝑛
× ∑ 𝑉(𝑖)

𝑛

𝑖=1

 
   (1) 

 

In this equation, n is the number of observations and V(i) is the wind speed at measurement 

height at time i. Standard deviation is calculated by equation (2), 

 

σ = √
1

𝑛 − 1
× ∑(𝑉(𝑖)

𝑛

𝑖=1

− 𝑣𝑚)2 

   (2) 

 

One of the most important indicators of wind potential for designing a wind farm is the 

turbulence index. It is calculated by equation (3), 

 

𝐼𝑛 =
𝜎

𝑣𝑚
 

   (3) 

 

Hybrid renewable energy system (HRES) consists photovoltaic panels (PV), wind turbine, 

batteries and diesel generator. System is off-grid. Heating, hot water and electricity demand of 

the research statin is supplied by HRES. Optimization has been conducted by Swarm Non-

Linear Solver.  
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Antarctica lacks solar radiation from April to September. Therefore, PVs are fixed on the 

exterior wall with a 90° tilt and North orientation which also overcome the snow accumulation 

problem. In order to calculate the electricity generated by PV, global horizontal solar radiation 

data is used. Cell temperature of PV is not considered due to low enough temperature.  

 

In this study, CW Energy 675 Wp photovoltaic panel is selected due to its high peak power. 

Efficiency and surface area of the PV are 20.92 % and 2.205 m2 [12].  

 

Electricity generated by PVs is calculated by Equation (4). 

 

Epv (t)= η×Apv×GRpv(t)×Pf   (4) 

 

In this equation, Epv is the output power (Wh) of the PV at time t, Apv is the total PV area (m2), 

η is the PV efficiency, Rpv is the global radiation at relevant time (W/m2) and Pf is the 

performance factor (%). 

 

The SD3 wind turbine rated at 3kW is selected in this study which has low cut-in wind speed 

(2.5 m/s) and ideally suited for remote access sites. The main benefit of SD3 is the intelligent 

design that delivers consistently high performance in all wind speeds. Turbine is 3 Bladed with 

3.9 meters’ diameter Glass.  Tower Height Options of the turbine is 6m-9m. In this study hub 

height is selected as 9 meters [13]. 

 

Wind speed data in weather data set is obtained at 10 meters’ height. Therefore, wind speed at 

hub height is calculated [14]. Electrical energy generated by the wind turbine is calculated by 

equation (5) [15], 

 

𝐸𝑊𝑇(𝑡) =
1

2
× 𝐷 × 𝑉ℎ(𝑡)3 × A × 𝐶𝑝   (5) 

 

In this equation, Ewt is the power output (Watt) at time t, D is the air density (kg/m3), A is the 

swept area (m2), Vh is the wind speed (m/s), Cp is the power coefficient.  

 

The renewable energy based systems are PV and wind turbine. Diesel generator is used as fossil 

based electricity supply. The energy supply system is off-gird which requires a backup system. 
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Batteries are used as backup in order to store excess power and act as an energy pool to supply 

stable energy. System configuration is given in Figure 5. 

 

 

 

Figure 5. Design of energy system 

 

State of charge (SOC) should be controlled in order to protect system and supply continuous 

power to the building. SOC depends on the charge already stored, electricity consumed by 

building and generated by HRES. SOC of the battery at time t+1 is calculated by equation (6); 

 

SOC (t + 1) = SOC (t) + BI(𝑡) − 𝐵𝑂(𝑡)  

 

          (6) 

In this equation BI(t) and BO(t) are the input and output energy in battery. At first hour of the 

year all batteries are assumed to be fully charged. Therefore, BI is equal to zero at first hour of 

the year. Input energy at battery is calculated by (7) and (8), 

 

{
𝑆𝑂𝐶(𝑡) > 𝐵𝐶 ∗ (1 − 𝐷𝑂𝐷) →  BI(t + 1) = 𝐸𝐺𝑅𝐸𝑆 (𝑡)

𝑆𝑂𝐶(𝑡) ≤ 𝐵𝐶 ∗ (1 − 𝐷𝑂𝐷) →  BI(t + 1) = 𝐸𝐺𝐷𝐺(𝑡) + 𝐸𝐺𝑅𝐸𝑆 (𝑡)
}         (7) 

{
𝑆𝑂𝐶(𝑡) > 𝐵𝐶 ∗ (1 − 𝐷𝑂𝐷) →  𝐵𝑂(𝑡) = 𝐸𝐶(𝑡)/η𝑖𝑛𝑣

𝑆𝑂𝐶(𝑡) ≤ 𝐵𝐶 ∗ (1 − 𝐷𝑂𝐷) →  𝐵𝑂(𝑡) = (𝐸𝐶ℎ𝑡(𝑡) + 𝐸𝐶𝑒𝑙𝑒𝑐(𝑡) ∗ 0.5)/η𝑖𝑛𝑣
} 

 

        (8) 

 

In this equation, BC is battery capacity, DOD is depth of discharge, EGRES and EGDG are the 

electricity generated by Hybrid Renewable Energy System (HRES) and diesel generator, EC is 

the electricity consumed in the building at time t, ηinv is the efficiency of inverter which is 95%.  

Inverter 

 

Inverter 
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ECht and ECelec in equation (8) are the electricity consumed for heating and cooling. As it is 

clear from equation 8, when battery decreases below DOD, heating system is running, however 

only 50% of electricity load is supplied to the building. 

 

Efficiency of inverters and batteries are taken into account during calculations. Battery charge 

and discharge efficiencies are taken as 0.8 and 1 respectively [16]. The SOC must be between 

adjusted minimum and maximum values. SOCmin and SOCmax are the limits of the batteries 

charging. SOCmax is considered as the nominal battery capacity (BC). The minimum limit 

depends on depth of discharge (DOD) designated by user (selected as 80%) and calculated by 

equation (9), 

 

SOCmin =(1-DOD)× BC                      (9) 

 

Number of autonomy days (Nad) is the number of days that HRES cannot supply energy 

(selected as one in this study). Required battery capacity (BC) is then evaluated by equation 

(10) [17], 

 

𝐵𝐶 =
𝑁𝑎𝑑×𝐸𝐷𝑚𝑎𝑥(𝑡)

𝑇𝑓×𝑅𝑓×2
                     (10) 

 

In this equation, Tf and Rf are the temperature and rate factors of battery. EDmax is the difference 

between the maximum daily energy consumed and minimum daily energy generated during one 

year. Number of batteries required is finally obtained by (11); 

 

𝑁𝑏 =
𝐵𝐶

𝐼𝑏 × 𝑉𝑏
 

        (11) 

 

In this equation, Ib and Vb are the current and voltage of the selected battery. 

 

Diesel generators are used in case of renewable energy fall short of and the SOC reaches 

minimum value. The electricity generated by DG is evaluated by (12) [18]. 

 

EGDG = ηDG × PDG,p         (12) 
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In this equation, EGDG, ηDG and PDG,p are the electricity generated by diesel generator, efficiency 

ofgenerator and rated peak power of the generator. Fuel consumed by DG relies on its output 

power and expressed by (13) [19]; 

 

FC = a × 𝑃𝐷𝐺,𝑝 + 𝑏 × 𝑃𝐷𝐺,𝑟           (13) 

 

In this equation, a and b are the constants as 0.246 and 0.08145 L/kWh. PDG,p and PDG,r are the 

generated and rated power of the generator [19]. CO2 emission caused from the fuel 

consumption of generator generally in the range of 2.4–2.8 kg/l [20] (selected as 2.6 kg/l in this 

study). 

 

2.3. Optimum System Capacity 

Locations of stations in Antarctica has various logistic problems. Due to logistic problems cost 

of system installation can not be obtained accurately. In this study the system with minimum 

capacity and maximum Renewable Factor (RF) are investigated separately as the optimum 

system. In addition, limitations are set for renewable energy fraction to lower fuel consumption 

of DG. Limitations of the problem is set as follows; 

 

• RF ≥ 0.7 

• ECb ≤ EGRES ≤ ECb*1.3 

 

As clear from the limitations, renewable fraction tried to set above 60%. Also maximum surplus 

renewable energy is set to below 130% of total consumption not to overestimate system 

capacity. 

 

System calculations are developed in MS Excel. Then Excel calculations are transferred to 

Libreoffice software to put optimization in process in Swarm Non-Linear Solver tool. 

Libreoffice solver is proved to be used in artificial neural network design [21]. Flow chart of 

energy management of off-grid system is given in Figure 6. 
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Figure 6. Flow chart of energy management of off-grid system 

 

3. RESULTS 

Daily average air temperature, total solar radiation and average wind speed of 16 selected 

locations are given in this section. Then, hourly heating demand is calculated and daily heating 

demand of each location are given. After the heating demand data is obtained, the total energy 

demand was evaluated and the optimum system capacity was compared for each location. 

 

The air temperature in the Antarctic region is directly related to the final energy demand. The 

significant decrease in temperature affects the heating demand of research stations. For this 

reason, air temperatures were also compared in this study and the results is given in Figure 7. 
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Figure 7. Ambient air temperature analysis 

 

As seen in Figure 7, the temperature value was the highest at the Carlini station (No:2) located 

at the southernmost point. Carlini station is followed by the nearest station Maranbio (No: 3). 

The lowest temperatures among the selected stations were observed at the Concordia station 

(No:11). The annual average temperature value of the Concordia station is calculated as -51 °C. 

 

The global radiation value is used in the calculation of the electricity to be produced by 

photovoltaic panels. Global radiation is the sum of direct and diffuse radiation. Figure 8 shows 

the monthly average direct radiation values for 16 locations. Diffuse radiation data were very 

similar to direct radiation. 

 

Figure 8. Direct Normal Radiation, W/m2 
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As observed in Figure 8 the location with the lowest level radiation is Amundsen, Scott-South, 

Pole station (No:16). Although the radiation is zero at Amundsen station between April and 

August, the annual direct (2624 kWh/m2) radiation rate is higher than other stations. 

 

Direct solar radiation at the Fossil-Bluff research station (No:10), located near the Turkish 

Antarctic Research Station (-71,3293 -68,267) on Horseshoe Island, reached its highest value 

in December (537 W/m2). At this station, the annual total global radiation value was obtained 

as 2072 kWh/m2 [11]. 

 

Figure 9 shows the annual total direct, diffuse and global radiation rates. 

 

 
Figure 9. Annual total direct, diffuse and global radiation, kW/m2 

 

In Antarctic research stations, the wind speed can reach extreme values and demonstrate high 

turbulence. Wind turbulence generally refers to rapid fluctuations in wind velocity [22].  In this 

region, the wind speed should be high enough to meet the energy demand and low enough not 

to harm buildings and people. For this reason, it is an important criterion in location selection. 

In this study, the average monthly wind speed and standard deviation were calculated for the 

16 selected locations.  

 

Figure 10 shows the turbulence index and the annual average wind speed at each location. 
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. 

Figure 10. Annual average wind speed and turbulence index 

 

As seen in Figure 10, the turbulence index of stations 1 and 10 are the highest and of station 16, 

located in the center of the South Pole is the lowest. Also, except for November, the highest 

monthly average wind speed was observed at Amundsen station (No:16). At Fossil, Concordia 

and Leningradskaya (No:10, 11, 12) stations, the monthly average wind speed was calculated 

as the lowest. 

 

Energy demand of the buildings is calculated for three cases. Firstly, the Renewable Energy 

System (RES) system with minimum capacity is calculated for RF is equal to 0.7. Then, the 

system with maximum RF is calculated which generates energy not more than 130% of energy 

demand. Finally, required minimum system capacity is calculated for using only WT a RES. 

Results are given in Table 3. 
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Table 3. General Results 

RES with minimum total capacity and min RF=0.7 

  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

EC, MWh/yr 60 44 53 57 101 98 64 58 68 54 114 63 56 73 78 110 

E Gen., MWh/yr 78 58 69 74 131 128 84 75 88 70 148 82 73 95 102 142 

PV 3 5 6 2 5 18 0 8 4 15 13 18 6 6 2 14 

WT 19 7 9 9 26 41 15 9 23 22 82 16 15 23 19 29 

Batterry 137 94 115 119 169 200 142 115 149 123 205 130 112 167 180 202 

RF 0,79 0,91 0,86 0,92 0,74 0,70 0,80 0,81 0,70 0,71 0,70 0,70 0,77 0,70 0,85 0,71 

DG Usage, day/yr 68 36 42 24 88 85 58 60 80 84 97 97 72 81 43 93 

Fuel cons., bTon/a 5 2 3 2 9 10 5 4 7 6 12 7 5 8 4 12 

DG capacity, kW 7 4 6 7 11 14 9 7 10 8 14 8 7 11 11 13 

                                  

RES with maximum RF 

EC, MWh/yr 60 44 53 57 101 98 64 58 68 54 114 63 56 73 78 110 

E Gen., MWh/yr 76 53 67 73 130 122 77 75 86 69 143 81 71 95 96 138 

PV 6 7 3 2 16 15 4 5 14 9 13 10 20 9 7 5 

WT 22 8 13 11 24 46 15 14 19 36 88 35 16 28 19 49 

Batterry 137 94 116 119 169 200 142 113 149 123 205 130 112 167 180 202 

RF 0,86 0,95 0,93 0,95 0,86 0,70 0,85 0,89 0,73 0,72 0,71 0,76 0,85 0,74 0,88 0,82 

DG Usage, day/yr 50 21 21 15 54 84 42 36 72 79 92 80 48 70 33 59 

Fuel cons., bTon/a 3 1 1 1 5 10 4 3 6 5 12 6 3 7 3 8 

DG capacity, kW 7 4 6 7 11 14 9 7 10 8 14 8 7 11 11 13 

RES with only WT (PV not used) 

EC, MWh/yr 60 44 53 57 101 98 64 58 68 54 114 63 56 73 78 110 

E Gen., MWh/yr 62 48 57 69 102 99 69 59 68 55 116 64 58 73 81 111 

PV 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

WT 22 9 12 11 30 60 15 13 23 39 102 37 17 28 20 44 

Batterry 137 94 118 121 169 200 142 118 149 123 205 130 112 167 180 202 

RF 0,78 0,91 0,90 0,94 0,67 0,60 0,80 0,83 0,65 0,61 0,61 0,63 0,74 0,64 0,84 0,73 

DG Usage, day/yr 78 33 34 21 122 121 58 54 99 116 129 125 84 106 50 90 

Fuel cons., bTon/a 5 2 2 1 12 14 5 4 8 8 16 9 5 9 5 11 

DG capacity, kW 7 4 6 7 11 14 9 7 10 8 14 8 7 11 11 13 
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Annual energy demand and fuel consumed by diesel generator is given in Figure 11. 

 

 

Figure 11. Annual Energy and fuel consumption for max RF case 

 

Electricity consumption is assumed to be equal in all locations. Therefore, as it is clear from Figure 

12, energy consumed for heating differs significantly according to location. Fuel consumed by 

diesel generator also changes parallel to the energy demand. 

 

Due to the low solar radiation in Antarctica, the case of using PV and WT together and using only 

WT are compared in Figure 12. 

 

 

Figure 12. Fuel consumption of DG in case of using PV+WT and only WT 
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Figure 13, shows that a hybrid system is much more environmentally friendly in many locations 

of Antarctica. However, in some locations (1, 2, 3, 4, 7, 8) PV has low necessity.  

 

Finally Figure 13, shows the required system capacity for the case of using PV+WT and only WT. 

 

 

Figure 13. Required system capacity for the case of using PV+WT and only WT. 

 

As it is clear from Figure 14, required total system capacity is higher in some locations in case of 

using PV+WT (2, 3, 8, 9 13). 

 

4. CONCLUSION 

In this study, the wind and solar energy potentials of 16 locations selected from different regions 

of Antarctica were evaluated and compared. Also, required renewable system capacity for a 

research station with the same electricity demand is compared for all locations. 

 

As a result of the analyzes made, it has been determined that solar energy systems cannot provide 

energy for approximately three to five months at the research stations residing all year. It has been 

observed that the rate of direct radiation increases as it approaches the center of the continent. In 

the Carlini station region, where the most research stations are located, the annual total global 

0

20

40

60

80

100

120

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Minimum system capacity for RF=0.7, for PV+WT and only WT case

WT PV RES with only WT (PV not used)



Int J Energy Studies                                                                                                2023; 8(2): 215-235  

233 
 

radiation was observed to be the lowest (1446 kWh/m2). In this region, the wind turbulence was 

calculated as 0.55 and the average wind speed as 8.9 m/s. It has been observed that it is the most 

suitable region in terms of wind potential. However, it has been determined that solar radiation is 

insufficient in this region. 

 

The total annual direct solar radiation at the Fossil-Bluff research station (-71,3293 -68,267) 

located near the Turkish Antarctic Research Station on Horseshoe Island was calculated as 2071 

kW/m2. It has been observed that the annual average wind speed is low (4.4 m/s) and turbulence 

is high in this region.  

 

Results of this study shows that according to purpose of site, many locations that meets the 

requirements may exist with extremely different energy demands. In site selection, first the 

locations should be determined and than energy demands and required systems should be 

compared.  
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