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Abstract 
 
The master thesis that follows was developed within the framework of Polar Lodge, a project 

which is part of the Portuguese Polar Program (Programa Polar Português – PROPOLAR). This 

thesis presents a descriptive analysis of the evolution of the terrestrial bases built in the Arctic 
and the Antarctic, from the remote portable huts, which gave shelter to the first expeditions to 

explore the inhospitable territories, to the more recent scientific research stations, used nowadays 

by scientists who aim to assess the impact of mankind upon Planet Earth. Through this analysis, 

we will try to identify the limitations and constraints linked to the construction in the polar regions 

that have been developed throughout the last decades in order to create self-sustaining and 

sustainable structures, able to resist the hostile conditions of the coldest, driest and windiest 

places in the world. Following the investigation previously developed, we aim to conceive a 
residential-laboratorial module unit able to house scientific research teams in the Arctic and the 

Antarctic, which also requires the identification of other case studies relevant to the subject matter, 

namely modular and sustainable buildings situated in extreme cold climate locations.  
 
Keywords Modular, prefabricated, relocatable, self-sufficient, sustainable. 

 
Introduction 
 
 Although they are both remote regions with defying habitability conditions, the Arctic and 

Antarctica are truly remarkable places. Considered to be key elements in understanding how the 

world works and the impact of human beings upon it, the Polar Regions are important for scientific 

research because of their profound effect on the Earth’s climate and oceanic systems, playing a 

crucial role in the comprehension of global climate changes. Since the first sightings of the Arctic 

and Antarctica, a great number of nations has played an important role in the exploration of the 

Polar Regions, especially after World War Two, when the scientific work developed in there 
increased significantly. 
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Chapters I and II – Scientific research stations in the Arctic and the Antarctic 
 
The first Arctic scientific stations 

 
After 1947, the United States of America underwent routine flights over the Arctic Ocean 

in order to assess the meteorological conditions and used icebreakers and aeroplanes to conduct 
oceanographic investigations in the Beaufort Sea. In 1952, a meteorological station was 

established in the T-3 ice Island, which was maintained for two years and briefly reoccupied, in 

1955, and on a more permanent basis as a station for the International Geophysical Year, in 1957. 

Since then, there has been continuous occupation of North American drifting stations, usually two 

at a time 1. 

But even before the United States of America started launching drifting stations into the 
ocean, the Soviet Union built its first scientific drifting station in 1937, nowadays known as North 

Pole 1, which drifted for nine months and was pulled off of its melting ice cap in the Greenland 
Sea. In the same year, the George Sedov icebreaker, under the leadership of Konstatin 

Sergeyevich Badigin, was trapped in the ice in the Laptev Sea and drifted for 27 months through 

the Arctic Basin, producing very useful scientific data. In 1941, an aeroplane carrying a scientific 

team made three landings on the ice 1. 
North Pole 2 drifting station was established in 1950 in the North in the Island of Wrangel 

and was maintained for a year. After 1954, a continuous succession of stations, usually two at a 

time, have been occupied for a year or two, until they drifted to a region where they became 
useless, from a scientific point of view, or joined the Greenland Sea. The last of those stations 
was North Pole 31, which operated from 1988 to 19911. 

 
The first Antarctic scientific stations 

 
Surrounded by the Southern Ocean, Antarctica holds approximately 70% of the world’s 

fresh water and covers almost 9% of the Earth’s land surface. Considered to be the world’s last 

great wilderness, Antarctica is the least polluted of all the continents, but has such a hostile 
environment that it has no permanent inhabitants 2. The first bases to ever sail in Antarctica were 

the ships of the early explorers, who would stay most of the time on board and only go ashore for 

visits to explore and study the unknown continent 3. When the first land bases were built in 

Antarctica, the explorers were left in the continent by the ships and respective crew, which only 

returned for them the following summer 3. Most of these land bases have been assembled on 

site, using building materials which were previously taken to the continent in a prefabricated form, 

for a number of reasons 3. Firstly, it is virtually impossible to build in Antarctica using naturally 
found materials, unlike anywhere else in the world 3. There is no wood, because there are no 

trees at all, suitable rock is not easily found, because most of the continent is covered in snow 

and ice, and, even when it is available, the use of local stone as a building material is not 

considered viable, because it could result in environmental degradation 3. Although some 
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buildings in Antarctica have had lower walls made of dry jointed local stone, they were from fifty 

years ago or more and were small in size 3. Secondly, supply ships must leave Antarctica before 

they are in danger of being frozen in and the builders themselves usually only work during summer 

periods, then leaving with the ships, which means that building must be completed as soon as 

possible 3. Thirdly, it is more expensive to deploy personnel and pay them to build with natural 

materials than shipping-in building materials 3. Finally, even in the relatively calmer and warmer 
summer months, adverse atmospheric conditions, like windstorms, for instance, are very common 

and can upset construction plans 3. 

The heroic era of Antarctic exploration refers to an era, between 1895 and 1917 4, when 

teams of brave men competed to explore Antarctica, determined to be the first to reach the South 

Pole 5. Among those, the four major expeditions were led by Norwegian Carsten Egeberg 

Borchgrevink (1898-1900 British Antarctic Expedition) and British Sir Ernest Henry Shackleton 

(1907-1909 British Antarctic Expedition) and Captain Robert Falcon Scott (1901-1904 National 

Antarctic Expedition and 1910-1913 British Antarctic Expedition) 6. The buildings the teams built 
for each expedition have survived the years and are now living proof of the trials the early 

explorers had to endure 7. Given their importance to the world’s history, the expeditions’ land 

bases have been listed as Antarctic Specially Protected Areas (ASPAs), the highest possible 

protection listing available, by the Antarctic Treaty, an international document that protects 

Antarctica through very strict protocols 6. On behalf of the international community, the Antarctic 

Heritage Trust is an institution based in New Zealand which focuses on the protection of those 

bases, as a legacy for current and future generations 4. Located on Antarctica’s Ross Island, the 
buildings include Carsten Borschgrevink’s Southern Cross hut, on Cape Adare, Sir Ernest 

Shackleton's Nimrod hut, on Cape Royds, and Captain Robert Falcon Scott’s Discovery hut, on 

Hut Point, and Terra Nova hut, on Cape Evans 6. The prefabricated buildings were mostly sourced 

from London and carefully made, according to the standards of that time, but with inexpensive 

materials 8. After being abandoned in the 1940’s, the portable wooden huts suffered due to being 

left to the elements in one of the most beautiful, but harshest environments in the world, nearly 

disappearing into the snow 8. Working from historical documents and photographs, experts have 

spent the last ten years in Antarctica conserving the huts and the artifacts the explorers left 
behind, including scientific equipment, supplies and personal items 8, such as diaries and records 

describing the horrific conditions under which they lived 5. Never before has a conservation project 

of this scale been attempted in the Polar Regions 4. 

 
The evolution of the polar land bases 

 

The early land bases were basically cold and draught wooden huts, which meant that 
insulation had to be added and draughts had to be banished. But even when those problems were 

sorted, another one arose, with moist and condensation inside the buildings forming due not only 

to overzealous insulation, but also a lack of ventilation. Additionally, the reliance on the direct 

burning of fuel within the huts for heating caused a number of near-misses from potential carbon 
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monoxide poisoning. Many of these bases were built directly on rock, in which places the winter 

snow and ice that usually melt during the summertime flow towards the sea, eventually taking a 

short-cut through the buildings. Being in direct contact with the ground also led to the 

accumulation of hard snow deposited outside the bases, blocking doors and windows and making 

it difficult to move around the buildings, sometimes even to the point of completely burying them. 

Building on piles or supports of some sort helped to solve this issue, ensuring that the wind can 
freely blow under the buildings and melted water can also run underneath 3. 
 
The new research stations 

 

Over the years, polar bases developed from single multi-purpose huts into multi-building 

stations with auxiliary buildings that don’t all need to be as much heated as the accommodation 

ones and with gaps between the modules to avoid the spread of fire, should it occur 3. 

Unfortunately, the addition of other units in a rather ad-hoc fashion, in particular, made 
architecture and sympathy with the environment take a poor back-seat to convenience and 

functionality 3. However, more recent research stations use cutting-edge technology and 

engineering and have equally considered aesthetics and human needs in their designs 9. Indeed, 

they are designed to be self-sufficient, sustainable, relocatable, able to withstand the freezing 

temperatures, have a minimum impact on the continent’s pristine environment and integrate 

renewable energy resources, thus maximising energy efficiency, as well as being an aesthetically 

stimulating place for scientists to live and work in 9. The research stations support the important 
scientific experiments conducted in the Polar Regions, in particular, the study of the climate and 

the physical and biological properties of the Arctic and the Antarctic, both of them closely linked 

to other parts of the global environment and, consequently, crucial to the Earth’s system 10. 

 
Energy resources used by Arctic and Antarctic research stations 

 

The main factors that threat the Arctic and Antarctic natural environment are related to 

fishing, whether it is legal or illegal, introduction of invading animal and vegetable species, 
pollution, exploration of mineral resources, such as oil and natural gas, and impacts linked to the 

development of infrastructures meant for scientific research. From the environmental point of 

view, the stations face the difficult task of meeting their own energy requirements and, at the sime 

time, dealing with the meteorological conditions of their natural surroundings. 

Fossil fuel still represents one of the main energy resources within polar land bases. 

However, since the problem of climate change has been acknowledged, scientific research 

stations started making an effort in order to use more sustainable energy resources to power their 
infrastructures. The implementation of alternative energy systems has provided many benefits, 

including: large scale reduction in the emission of greenhouse gases; reduction of risks related to 

oil spills and harm to the natural environment; significant reduction in the cost of energy 
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production; optimized efficiency of the stations operations due to the capacity of automatizing 

more processes. 

However, those systems are not completely reliable. The main renewable energy 

resources used by the majority of polar stations include: solar panels, taking advantage of sunlight 

that reaches the surface of Planet Earth, although the Sun is hidden behind the horizon for more 

than half a year; wind turbines, an obvious choice considering the Arctic and Antarctica are the 
windiest places in the world, but potentially problematic because sometimes wind turbines are in 

risk of damage due to strong wind gusts. 
 
Chapter III – Case studies 
 

Although not all of them are located in the Arctic or the Antarctic, the case studies 

addressed in this chapter are located in extreme cold climates, which means the technical 

solutions adopted in their constructive process were conceived to respond effectively to the hostile 
meteorological conditions typical of territories of this nature, specifically the wind, the snow and 

the ice. These case studies also share in common the fact that they are buildings designed 

recurring to modular construction methods and in order to produce a minimal environmental 

impact in their natural surroundings, namely through the use of renewable energy resources. 

The case studies included: Ermitage Cabin (2013), by Septembre, in Trossö, Sweden; 

Cabanas do Parque Regional de Whitetail Woods Regional Park Cabins (2014), by HGA 

Architects and Engineers, in Dakota County, Minnesota, United States of America; BoxHome 
(2007), by Sami Rintala, in Oslo, Norway; Casa Invisible (2013), by Delugan Meissl Associated 

Architects, in Austria; Warburg House (2012), by bioi, in Warburg, Canada; Manshausen Island 

Resourt (2015), by Stinessen Arkitektur, in Steigen Archipelago, Norway; Leaprus 3912 (2013), 

by Leapfactory, in Mount Elbrus, Caucasus, Russia; Prefabricated Module for Antarctica (2006), 

by Marko Matulic Cvitanic, in Collins Glacier, King George Island, Antarctic Peninsula; Alpine 

Shelter Skuta (2015), by OFIS arhitekti, AKT II, Harvard GSD Students, in Jesersko, Slovenia; 

Vipp Shelter (2014), by VIPP, in Denmark. 
 
Chapter IV – Architectural proposal for a sustainable modular building for scientific 
research in the Polar Regions 
 

In this section, the main goal was to conceive a sustainable modular building able to 

house an expedition team in the Polar Regions, allowing the development of scientific research. 

The proposed building was developed considering the specific climatic properties and the 

limitations in terms of material and energetic resources in the Arctic and the Antarctic, as well as 
the several constraints that oppose to the habitability of human beings in these areas.  

Sustainability was a key element for the selection of building materials, which are meant 

to be reused and, eventually, recycled afterwards: metallic foundations in galvanized steel with 

adjustable feet, a structural platform also in galvanized steel, floors, walls and ceiling made up of 
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expanded insulation corkboard, glazed door and windows with double glass and PVC 

frameworks, fluorescent compacted lamps to light interior spaces and an exterior coating made 

of PVC, with high thermal resistance, which is waterproof and can isolate the building from the 

cold. 

Conceiving a sustainable building means that the selection of the type of energy meant 

to power the proposed module focused on renewable energy resources instead of non-renewable 
energy resources, such as fossil fuel, which was excluded as a viable alternative. Considering 

the energy strategies adopted by the majority of the Arctic and Antarctic scientific stations, it 

became clear that the most suitable one is solar energy, by using a system of solar panels 

connected to the building. 
 
Conclusions 
 

During the 21st century, both the United States of America and the Soviet Union played a 
significant role in the exploration of the Arctic Ocean on a large scale through several drifting 

stations and extensive aerial expeditions that landed on the ice many times in order to perform 

scientific observations. The construction of land bases allowed for scientific research in the Arctic 

to grow steadily and nowadays there are no unexplored areas left 1. 

At the turn of the nineteenth to the twentieth century, the first expeditions to Antarctica 

led by adventurous explorers, such as Carsten Egeberg Borchgrevink, Sir Ernest Henry 

Shackleton and Captain Robert Falcon Scott, played a significant role in the heroic era of Antarctic 
exploration, with the ultimate goal of reaching the South Pole 5. The first land bases built in 

Antarctica were only meant to be occupied for a short period of time, specifically two summers 

and a winter, perhaps up to three years, before being abandoned, and, although some were used 

by later expeditions, they had no maintenance since the original expedition left 3. Their use was 

not only fortuitous, but could not be guaranteed, hence, they often became buried in snow and 

ice, which frequently had entered the building through windows and doors blown by strong winds 

or even storms 3. About a hundred years after such explorers set up house for the first time on 

the southernmost continent of the planet, the bases they built there still stand today, despite the 
conditions of the surrounding environment, and are cared for by the Antarctic Heritage Trust 8. 

This international institution is engaged in a long-term conservation project to protect the Antarctic 

explorers’ legacy, including not only the iconic bases, but also the artefacts they left behind 4, as 

a true testimony of both their courage and determination. 

Many lessons were learnt the hard way with the mistakes made with the first stations set 

in the Arctic and the Antarctic – for instance, insulation was improved and draughts were sorted 

within the bases and, while the first buildings were placed directly on the ground, later ones would 
be raised above it, thus preventing them from being buried due to snow accumulation 3. But, 

despite all the improvements, many bases have grown over the years into a mixture of 

incongruent units which resemble rather brightly coloured industrial areas 3. Opposite to the 

inconsistent way Antarctic research stations have developed since the first land bases, more 
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recent ones, however, are being designed as coherent, stylish and elegant structures 3, in order 

to provide a fitting environment for scientists at the forefront of the battle against global warming. 

Nowadays, life in the Arctic and Antarctica revolves essentially around the scientific 

stations in which most of research activities take place. As time went by, polar infrastructures and 

communities evolved greatly: the old and small huts vulnerable to strong winds and low 

temperatures gave place to modern buildings able to withstand the extreme climate conditions, 
some of them even able to move from one place to another. All research stations share the main 

goal of providing shelter to scientists and support their activities, offering all that is necessary to 

survive the hostile climate of Polar Regions. 

After establishing the adequate framework regarding the scientific research stations in 

the Arctic and the Antarctic, in the context of the territories in which they are located, followed by 

an analysis of the existing land bases focusing on their environmental impact, it was possible to 

design a strategy leading to the development of a modular, self-sustaining and sustainable 

building, using national building resources, able to withstand the harsh conditions of the Polar 
Regions. 

The design process led gradually to the understanding of how one should act to solve 

construction, functional and sensory problems. In this sense, decisions were taken very carefully, 

respecting the natural surroundings and understanding that there are challenges to be overcome 

before getting to the materialized building. It was essentially a matter of solving a problem of 

technology performance, not forgetting, however, the aesthetical component, because achieving 

the human well-being is more than working notions of comfort and security, by conceiving spaces 
sheltered from the cold and the wind, it is also working spaces in their perceptual and symbolic 

dimensions. 
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