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ABSTRACT

In the extreme climate and isolation of Antarctica, much of the built environment 
exists only as an assemblage of sterile boxes placed in the landscape without 
consideration of the needs of their occupants or their impact on the environment.  In an 
area of limited resources, an abundance of solar and wind resources is seldom utilized to 
its full potential. Scientists and support crews spend months at a time living in isolation 
within the confines of small outposts and stations.  Confinement in cramped and 
impersonal surroundings in this hostile environment can have devastating effects on the 
health and well-being of research teams and crews.  The designs of many facilities rarely 
venture beyond the minimum programmatic requirements, failing to explore the 
possibility to become something more.  The purely functional engineer’s design 
approach, focusing heavily on initial cost, has been the mainstay of Antarctic architecture 
until recently.   This attitude is beginning to be challenged by designs that focus on 
sustainability and the psychological impact on their inhabitants.  Isolation and climactic 
conditions should not serve as an excuse for an incohesive atomistic design, but as 
motivation for a responsible, holistic solution.

The technology exists to drastically reduce our negative environmental and carbon 
footprint in Antarctica by creating more responsible research facilities that fully utilize 
available renewable energy resources, while providing a superior working and living 
environment that meets the physical and psychological needs of its occupants.  During 
the austral summer of 2008-2009, the world’s first zero emissions polar research station 
is set to open.  The innovative design of the Belgian Princess Elisabeth station can be 
used as a model for studying the potentials of sustainable and climactically adapted 
architectural design in Antarctica. 

I propose to further explore the possibilities of renewable energy, waste management, and 
prefabrication to design a zero emissions research facility with minimal impact that is 
responsive to its environment, while adequately providing for the needs of its occupants 
within the unique and extreme conditions of the Antarctic.
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GEOGRAPHY

The continent of Antarctica lies shrouded 

in ice and snow.  98% of its surface is 

buried under the massive Antarctic ice 

sheet. 2  Its few High mountain peaks and 

volcanoes protrude from expansive 

snowfields and glaciers, creating some of 

the most spectacular scenery on earth. 

Antarctica is broken up into two main geographical regions: East Antarctica and West 

Antarctica.  These two regions are separated by the Trans Antarctic Mountains.  The 

Bedrock that makes up the continent lies largely above sea level in East Antarctica and is 

made up of geologically old and stable formations.  In West Antarctica, however, much 

of this bedrock is well below sea level, 

containing more recent formations fueled by 

volcanic activity.  It contains the continent’s 

only active volcanoes, including Mount 

Erebus near MacMurdo Station. Both 

regions consist largely of vast flat expanses 

of snow and ice, providing little sense of 

scale or direction.

1
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The ice sheet covers an area of over 

five million square miles and contains 

approximately 70% of the earth’s 

freshwater. 1 At its thickest the ice 

reaches 15,650 feet in depth, with an 

average thickness of 6,500 feet. 2 Its 

layers contain a frozen library of our 

planet’s past going back over one 

million years. The ice sheet rises 

rapidly from the coast to elevations 

over 13,000 feet in the interior polar 

plateau, creating two prominent domes 

of ice.  These domes, named the East 

and West Antarctic Ice Sheets, are 

made up of a dynamic system of ice 

streams and glaciers.  As snow is 

deposited in the interior it slowly compacts to form glacial ice and begins to flow towards 

the coast.  Large ice streams drain into the ocean creating enormous floating ice shelves 

that cover much of Antarctica’s coast, including the Ross and Ronne Ice Shelves. 

Billions of tons of ice break off of the outer edges of the ice shelves each summer, 

forming high ice cliffs along much of Antarctica’s coastline.  This break-off results in 

Figure 2

Figure 3
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massive icebergs.  During the winter, these icebergs become locked in sea ice as the 

surrounding water freezes, often stretching for miles from the coast.  As temperatures rise 

during the summer, the sea ice begins to break up, forming free floating pack ice.  

Because of the dynamic nature of the ice sheet most of the continent’s surface is broken 

by large fractures and crevasses. Beautiful formations form in combination with wind-

deposited and sculpted snow.  In many areas parallel ridges of packed snow known as 

sastrugi are formed by strong winds.  These features make travel across the ice sheet 

difficult and sometimes dangerous.   

The most prominent mountain range is 

the Transantarctic Mountain Range, 

which extends across the continent from 

Coats Land to Cape Adare in Victoria 

Land. Spanning a total distance of 

approximately 2,300 miles, it is one of 

the longest mountain ranges on Earth. 4 

The majority of exposed ground in Antarctica lies within this range including the unique 

dry valleys near MacMurdo station. The dry valleys contain the largest single ice free 

area on the continent covering an area of 1850 square miles. 5 The lack of snow and ice in 

this area is due to the extremely low humidity and lack of precipitation. Glaciers that 

terminate in these valleys sublimate into the air adding little water to the area. 

2
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The continent’s highest mountains are the Ellsworth Mountains in Ellsworth Land, West 

Antarctica.  This range contains Antarctica’s highest point, Vinson Massif, reaching 

16,864 feet above sea level. 2 Other prominent mountain ranges lie near the coast in 

Marie Byrd Land and Queen Maud Land, and also in the American Highland and 

Antarctic Peninsula.  In many areas isolated bare peaks, known as nunataks, protrude 

through the ice providing a glimpse of the land below.

Antarctica’s unique contrast of endless landscapes, jagged peaks, and beautiful 

formations of snow and ice create an environment unlike anything found elsewhere on 

Earth. By discovering and understanding its past we can better understand the history of 

our planet and our future.  

3
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LARGE SCALE CLIMACTIC CONDITIONS

A specific set of climactic conditions defines Antarctica and sets it apart from the rest of 

the world. It plays a large role in earth’s climate and can help us better understand global 

phenomenon.

The Earth’s relationship to the sun is 

the main driving force of climate. 

The Earth orbits the sun with a 

constant axial tilt of 23.44°. Because 

of this tilt the Northern and Southern 

hemispheres become tilted towards 

the sun in summer and away from 

the sun in the winter. As a 

hemisphere tilts towards the sun the angle at which the sun’s rays strike the earth 

increases and the days become longer. As this angle of incidence approaches 90° the 

concentration of solar energy on a given area of the Earth’s surface is at its greatest. At a 

lower incidence angle the same portion of sun light is spread out over a larger area 

creating cooler temperatures. This change in the sun angle causes annual temperature 

variation, resulting in the seasons. This effect is most extreme close to the poles where 

there is the greatest variation of solar exposure and day length. At the South Pole the suns 

annual maximum altitude is equivalent to that of the suns annual minimum altitude at 

Figure 4     
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approximately 43° North latitude.  Only a portion of the total incoming solar energy is 

absorbed by the earth. Some of this radiation is reflected away by the atmosphere and the 

earth’s surface. The remaining energy is absorbed differentially depending on surface 

composition. In Antarctica a large portion of incoming radiation is reflected away by its 

vast snow covered surface. The amount of total available solar energy and its absorption 

rate is responsible for earth’s dynamic temperature variations. 

Large contrasts in temperature between the poles and the equator drive oceanic and 

atmospheric circulation. Earth’s complex weather systems and ocean currents are created 

as the atmosphere and oceans attempt to equalize the earth’s varying temperatures.

One of Antarctica’s defining characteristics is its long polar night or polar day. Because 

of Earths axial tilt Antarctica experiences continuous periods of total darkness or light. 

During summer at the South Pole the sun remains low in the sky circling the horizon 

Figure 5                                                                           



7

throughout the day without setting for 186 days. 1 In the winter it experiences five months 

of darkness. As you move away from the pole the length of polar day and night 

decreases. Because these long periods of darkness Antarctica experiences what is known 

as a coreless winter in which there is no specific “core” month of low temperatures. 

Temperatures begin to drop rapidly in the fall as the sun vanishes and remain low until 

the sun begins to rise again in the spring. 

As heat rapidly radiates away from the ground strong temperature inversions can form as 

the cold surface cools a layer of air close to the ground. This phenomenon is common 

through the world but is intensified by the long polar night. In some cases the temperature 

may vary as much as 40° a few hundred feet from the ground. 1

Figure 6
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During the long polar night the lack of solar energy allows drastic cooling to occur. 

During the winter temperatures in Antarctica can drop to unimaginable lows. The lowest 

temperature on Earth was recorded at Vostok Station in 1983 when temperatures reached 

-128.6°F. 1

The elevation of Antarctica’s interior and its outward sloping topography drive wind and 

temperature patterns throughout the continent.  At an elevations reaching above 10,000 

feet, the interior is cold, calm and dry with little cloud cover. Average annual 

temperatures can be as low as -50 to -60°F with average wind speeds of 12 mph and 

annual precipitation of less than 1”. 1 Towards the coast the climate is warmer, moister 

and extremely windy with frequent cloud cover.  Average annual temperatures can reach 

5-10°F with 10-15” of precipitation. 1 Wind speeds can average as high as 50mph and 

have been measured in excess of 200mph. Cold sinking air accelerating down the sloping 

terrain from the interior produces these strong katabatic winds. This effect can create 

year-round wind hot spots along the coast, making it one of the windiest areas on the 

planet. 

A sharp contrast in temperature between the ice sheet and the ocean created by the 

katabatic winds creates strong circumpolar westerly winds. These circumpolar westerlies 

produce violent storm systems that circulate around the continent and impact the coast 

creating one of the stormiest areas on earth. Storms moving over the coast weaken as they 

move up the sloping terrain and storms moving off the continent intensify as they move 
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towards the ocean. Overall, Antarctica is one of the driest places on the planet. In terms 

of precipitation it is considered the world’s largest desert, its thick ice cap only a result of 

millions of years of buildup without loss to melting.

Circumpolar westerlies, Southern storms, 

katabatic winds, and temperature 

inversions interact and form a complex 

system of rising and sinking air that creates 

a circulating effect from the pole towards 

the mid latitudes.  This macro-system, 

combined with other large-scale circulating 

systems, stabilizes global temperature and 

regulates the earth’s climate.   

Figure 7

Figure 8



10

ANTARCTICA OF THE PAST

Early Explorations

The desolate and inhospitable continent of Antarctica was among the last places on earth 

to be discovered and explored.  It remains today as one of the few places on our planet 

that is largely untouched and unchanged by our presence.  Most of what we know about 

the continent has only been discovered within the last hundred years.  

Some of the first known writings speaking of the possibility of an undiscovered land to 

the south date back to the mid 1600s.  Proof of its existence was not documented until the 

1772-1775 voyage of Captain James Cook. 1

"That there may be a Continent or large tract of land near the Pole, I will 
not deny.  On the contrary I am of the opinion there is, and it is probable 
that we have seen a part of it. The excessive cold, the many islands and 
vast floats of ice all tend to prove that there must be land to the South."    
- Captain James Cook 1

On his 1820-1821 explorations, American sealer Nathaniel B. Palmer caught one of the 

first glimpses of the Antarctic Peninsula.  During this same expedition he met with 

Russian Captain Thaddeus Bellingshausen who commanded the ships Vostok and Mirnyy 

on the first circumnavigation of the continent.  Between the years of 1839 and 1841 

national expeditions were conducted by the French, British, and American governments. 

These expeditions lead to the discoveries of the Adélie and Clarie coasts, Cape Adare, the 

Ross Sea, Ross Island, and the Ross Ice Shelf.  By 1840, 1500 miles of Antarctica’s 
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11,000 mile long coastline had been mapped.  Extensive geological data found by this 

time, including sediments, fossils, and evidence of the previous existence of flora, proved 

that Antarctica was in fact a continent. 1

On January 24, 1895 the crew of 

the Norwegian ship Antarctic 

led by Captain Leonard 

Kristensen landed at Cape 

Adare on Ross Sea and became 

the first to set foot on the 

continent.   A resolution by the 

1895 International Geographical 

Congress held in London 

promoted further exploration of Antarctica.  In the years between this resolution and 

World War I teams of explorers from England, Scotland, France, Germany, Belgium, 

Norway, Sweden, Australia, and Japan traveled to Antarctica. This era of early 

exploration is known as the Heroic Era. Much like the space race of the 1960’s the world 

became fascinated with the newly discovered continent as many countries strove to 

become the first to explore the untouched land.  During this period a substantial portion 

of the continent was explored and documented by a large number of expeditions. 1

4
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A Norwegian team lead by Roald Amundsen became the first to reach the South Pole on 

December 14, 1911.  He was followed only weeks later on January 17, 1912 by a British 

expedition lead by Robert F. Scott.  Arriving at the pole, Scott and his team were sorely 

disappointed to find the remains of Amundsen’s camp.  After becoming the second team 

to reach the pole Scott’s team tragically died on their return trip to the coast after 

suffering severe storms, frostbite, injuries, snow-blindness, hunger, and exhaustion. 1

Small huts built by a number of these early explorers became the first permanent 

structures built in Antarctica.  A number of these buildings still exist today, preserved by 

the sub-zero temperatures.   They stand today as monuments to the heroic explorers of 

5
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early Antarctica.  The Cape Adare Huts are some of the oldest examples. They were built 

in 1899 by a second Norwegian expedition lead by Carsten Borchgrevink. Today the site 

is occupied by an Adelie penguin rookery. 1

In 1901 Scott and his team built Discovery hut on Ross Island adjacent to the modern 

McMurdo station. Later, in his 1907 to 1909 expedition, Ernest Shackleton built another 

hut 30 km north of Scott’s Discovery hut at Cape Royds. Because they stayed so well 

preserved, these huts were able to be reused by several expeditions.  Two years later, 

when Scott and his team returned on the British Antarctic Expedition of 1910-1913, they 

constructed a second hut at Cape Evans. 

These three huts have been restored and preserved as monuments, still looking today 

much as they did almost 100 years ago. Perfectly preserved food, supplies, and 

equipment give us a glimpse into the lives of these early explorers. 1

6
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Many of these early structures were prefabricated before being transported to Antarctica 

on large sailing vessels.  Because of the extreme environmental conditions of Antarctica, 

the ease of assembly and shortened construction time allowed by prefabrication was 

essential.

These huts were constructed almost entirely of wood, 

with minimal insulation. In Discovery hut, only a single 

layer of felt between the interior and exterior wood plank 

walls served as insulation.  Heating was provided by 

7

8
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burning seal blubber; the seal carcasses used can still be seen hanging from the walls. 

Because of its poor ability to retain heat, living conditions within the hut were less than 

ideal during the long polar winters.  In Scott’s Cape Evans hut, the walls were insulated 

by a layer of quilted seaweed between interior and exterior double plank panels. In the 

roof seaweed was sandwiched between two layers of rubber sheathing and plank panels. 

Sufficient heat was provided by a coal stove and excess heat from cooking. Its improved 

insulative qualities and heating system created one of the first habitable Antarctic living 

spaces.  1

9

10
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Whaling and Sealing

A large portion of early explorers began travelling to Antarctica in the 1800’s in search of 

whales and seals, which were hunted for their oil and pelts. By the mid 1900s Fur and 

Elephant seals were hunted to near extinction.  Several species of whales, including the 

blue and humpback whales, also suffered. By 1978 a ban of the hunting of Fur, Elephant, 

and Ross Seals and strict regulation of several other species was introduced by the 

nations of the Antarctic Treaty. Whaling declined rapidly until its eventual ban in 1994 

when the Antarctic Ocean, extending to 60° latitude, was declared a whale sanctuary by 

the International Whaling Commission. 1

Early U.S. Expeditions

The first major involvement of the United States in Antarctic exploration began with 

Richard E. Byrd’s 1928-1930 and 1933-1935 privately-financed expeditions.  Byrd 

envisioned Antarctica as a place that “God had set aside as man’s future – an 

inexhaustible reservoir of natural resources.”  He set out to make history in Antarctica, 

achieving the first successful flight over the South Pole on November 29, 1928 and 

established the first U.S. base in Antarctica, which he named Little America.  The 

publicity from these events allowed Byrd to secure financing and support for his second 

expedition, which focused on aerial mapping and scientific study.  In an effort to out-do 

his initial success, Byrd attempted to accomplish the expedition from Little America 

alone during the polar winter.  This attempt proved nearly fatal; after suffering carbon 
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monoxide poisoning, Byrd was barely coherent and had to be rescued by a Little America 

crew.  Despite this failure, he was able to attain tremendous personal insights in the 

solitude and darkness.  This bold expedition made significant contributions to the 

understanding of Antarctica. 1

The success of these expeditions led to the first financial involvement of the United 

States government in Antarctic exploration and research.  The U.S. Antarctic Service was 

subsequently established as a permanent research entity in 1939, but was active for less 

than two years, until the beginning of World War II.  Despite its brief operation, it was 

11
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the largest Antarctic expedition to date, producing many discoveries in several research 

disciplines including seismology, atmospheric physics, biology, magnetism, and 

physiology. 1

After World War II, the U.S. commenced the largest Antarctic exploration in history. 

Deemed Operation Highjump, the 1946-1947 U.S. Navy Antarctic Developments Project 

consisted of 4,700 naval and marine personnel, over a dozen ships, and several aircraft. 

Over 1.5 million square miles of Antarctica were aerially mapped by the expedition, half 

of which were previously unexplored. 1

This project was followed by Operation Windmill in the subsequent season.  Further data 

was gathered to complete the information needed to produce the first medium-scale maps 

of the region.  These maps were used to locate future U.S. stations in Antarctica. 1 

International Geophysical Year

In an effort to improve understanding of the earth and its environment, a cooperative 

group of scientists from around the world undertook the most inclusive scientific study of 

Antarctica from July 1, 1957 to December 31, 1958 known as the International 

Geophysical Year (IGY).  In 1958 Laurence M. Gould, chief Antarctic scientist in the 

1920’s and 1930’s and chair of the National Academy of Sciences Polar Research Board, 

wrote:  “No field of geophysics can be understood or complete without specific data 

available only from this vast continent and its surrounding oceans.”  This was the first 
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attempt to understand the earth’s environment as a whole, using Antarctica as a preserved 

model of the past, present, and future.  Twelve nations established over 60 research 

stations, making Antarctica the center of environmental research that it is today. 1

Six IGY research stations were established by the United States, including Naval Air 

Facility McMurdo Sound and South Pole Station.  McMurdo Sound, currently known as 

McMurdo Station, was established as a logistics base to supply South Pole Station, now 

Amundsen-Scott South Pole Station.    Extensive data was collected on long traverses in 

glaciology, seismology, gravimetry, and meteorology, with studies focused on 

geophysics upper atmospheric physics. 1

The Antarctic Treaty

Initiated by the IGY, the Antarctic Treaty was signed by the twelve IGY nations in 1959 

at Washington D.C. and became active in 1961.  The treaty was established to create a 

legal framework south of 60° latitude, which includes all of Antarctica and its waters.  43 

nations have signed the treaty to date, 26 of which are consultative, or voting, nations. 

These nations, including the U.S., were either the original signatories or conduct 

significant scientific research in Antarctica.  The remaining 17 are acceding nations, 

which act only as observers in the annual treaty consultative meetings. 1

The treaty states that Antarctica will be used only for peaceful purposes, banning military 

operations not in the service of peaceful activities.  The participating nations have 
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freedom of scientific exploration, with the cooperative exchange of program plans, 

personnel, scientific observations, and results.  In effort to resolve the issue of territorial 

claims, the treaty does not recognize, dispute, or allow for the establishment of claims. 1 

Annual consultative meetings have produced several recommendations, which serve to 

provide rules for operation on and around Antarctica; most of these recommendations 

have been formally implemented by the treaty nations.  The most significant of these 

include the Agreed Measures for the Conservation of Antarctic Fauna and Flora, and the 

Antarctic Conservation Act of 1978.  The Convention for the Conservation of Antarctic 

Seals and the Convention on the Conservation of Antarctic Marine Living Resources are 

among other significant advances. 1

Territorial Claims 

The Continent of Antarctica does not officially belong to any one nation.  Seven nations 

have claimed pie shaped regions running from the coast to the pole, divided by 

longitudinal lines.  The first nation to make an official claim was New Zealand in 1923, 

followed by France, Great Britain, Australia, Norway, Chile, and Argentina.  Most other 

nations, including the U.S., do not recognize the Antarctic claims. 1 
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Figure 9
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MODERN ANTARCTICA

After the success of the early Antarctic programs of the 1957-1958 Geophysical Year, the 

scale of scientific research in Antarctica has grown rapidly from 12 original nations to the 

30 currently involved in research programs.  Because of their involvement in significant 

scientific programs in Antarctica, 28 of these nations have achieved voting status in the 

Antarctic Treaty.  Research performed by these nations ranges from summer expeditions 

focused on specific scientific problems to year-round programs within a wide variety of 

research disciplines. 2 

Currently, 40 year-round stations are run by 20 nations: Australia, Argentina, Brazil, 

Chile, China, France, Germany, India, Italy, Japan, Korea, New Zealand, Norway, 

Poland, Russia, South Africa, the UK, Ukraine, the United States, and Uruguay.  During 

the polar summer 36 seasonal stations along with numerous field camps, depots, and 

airfields are run by these countries and others.  These programs involve the use of ships, 

aircraft, and land based facilities. 2

The United States Antarctic Program (USAP) operates three major stations in Antarctica 

including McMurdo Station, Amundsen-Scott South Pole Station, and Palmer Station, 

with a total of approximately 3,500 scientists and support personnel.  The U.S. supports 

research in many scientific fields, including aeronomy and astrophysics, atmospheric 
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chemistry, biology, Earth sciences, ocean and climate systems, glaciology, and 

environmental science.  The Antarctic environment also offers the potential for certain 

applied research studies and technological development. The continued international 

cooperation of these countries is key to the success of research in Antarctica. 1
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TRANSPORTATION

Due to the isolation and unpredictable conditions within Antarctica the transportation of 

personnel, supplies, and equipment can prove challenging. In the depths of winter the 

surrounding seas become locked in ice, making access by ship difficult. Temperatures 

and intense storms prevent aircraft from landing for extended periods of time. Year-round 

hazards including snow covered crevasses and deep drifts can make travel by land 

potentially dangerous. Because of these conditions many research stations rely on a 

yearly shipment of supplies during the polar summer when conditions are more 

favorable. 

The majority of equipment and supplies are 

transported to Antarctica by cargo ship. Due 

to the formation of sea ice during the polar 

winter, stations located along the main coast 

typically receive supplies once a year. At 

MacMurdo station an ice breaker is used to 

clear a channel through which it will escort 

a large cargo ship through miles of sea ice to reach the station. Each shipment contains a 

year’s worth of supplies for operations at MacMurdo and Amundsen-Scott South Pole 

Station. 

12
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On the Antarctic Peninsula, at lower latitude, stations can be more easily accessed by 

ship. The U.S. Palmer station does not have a landing strip and relies solely on year-

round access by ship for the transport of supplies, equipment, and personnel. 

Stations in the interior of the continent must receive supplies by air or traverse from 

stations or supply camps on the coast. During a traverse powerful snow tractors are used 

to pull large sled trains across the ice sheet. Teams of these sleds are capable of 

transporting hundreds of tons of cargo, including large containers and fuel tanks. 

13
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The United States is the only country to rely largely on aircraft for transportation of 

supplies.  Amundsen-Scott South Pole Station is resupplied each year between October 

and February by ski-equipped LC-130 Hercules aircraft operated by the New York Air 

National Guard. Multiple flights per day travel the 840 miles from MacMurdo station to 

the South Pole. Because of the extreme temperatures the aircraft do not shut down their 

engines while unloading to prevent the freezing of oil and hydraulic fluid. 

The LC-130 can carry a payload of up to 27,000 lbs within its 40x10x10 ft. cargo bay. In 

some instances where lager cargo must be transported, the Air force has used the C-17 

Globemaster or the C-5 galaxy with payload capacities of 170,900 and 270,000 lbs. 

14
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Although these aircraft can transport enormous payloads they are not ski-equipped and 

are therefore limited to air-drops or well maintained ice runways such Williams Field 

near MacMurdo. 1

Because of the limitations of air transport the McMurdo-South Pole highway was 

constructed as a means of transporting larger payloads that would be inefficient to air lift. 

Traverse teams composed of multiple sled trains take up to ten days to complete the 900 

mile journey to the South Pole. In 2006, 110 tons of cargo was successfully transported 

by traverse to Amundsen-Scott South Pole Station. 

For the transportation of research equipment and personnel within the continent many 

smaller vehicles are used. For short to medium distance travel light aircraft and 

helicopters can operate in acceptable weather conditions. Tracked or large wheeled 

vehicles including snow cats, modified trucks, and snowmobiles are used when traveling 

by land. Due to the unstable conditions of the ice sheet, however, ground transportation is 

often restricted to known safe routes.

15
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PRECEDENTS

Princess Elisabeth Station

Located in the Sør Rondane Mountains within Queen Maud Land the Belgian Princess 

Elisabeth Station sits on a small exposed granite ridge .6 miles north of Utsteinen 

nunatak. The Belgian government commissioned the international polar foundation to 

coordinate the prefabrication and construction of the research station through a 

cooperation of several private companies. The project was conceived in 2004 and 

completed during the austral summer construction season of the 2008-2009 international 

polar year. 2The goal of the project was to create the first polar research station that fully 

relies on available sustainable energy recourses while maintaining a minimal ecological 

footprint. Its design attempts to achieve this without the sacrifice of scientific research, 

living conditions, efficiency, safety, or operating costs while remaining adaptable to 

future needs.

16
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The station’s site was chosen for a 

number of climactic and 

geographical factors. Its location 

on the northern edge of the Sør 

Rondane Mountains provides easy 

access to Breid Bay, northern 

supply routes, and larger landing 

fields. Its relatively flat granite 

ridge provides an excellent and stable building location with anchoring capability.  The 

lack of a wind scoop formation on the leeward side of the ridge allows construction of a 

large garage beneath the snow surface. Because of its minimal height above the surface 

the ridge is easily accessible by vehicles. The surrounding snow fields are soft, flat, and 

minimally influenced by ice sheet movement. These snow fields can provide a constant 

supply of water to the station and allow Small aircraft to land near the site. The ridge 

receives moderate katabatic winds primarily from the east with an average of 13.4mph. 

With the sun below the horizon from May 16 - July 28 the site experiences a true coreless 

winter. At an elevation of 4585 ft temperatures average just below 0°F ranging from 

monthly averages of approximately 18° in December to -13° in July. 1

The research station will serve as a base of operations for field expositions of up to 124 

miles and facilitate the study of climatology, glaciology, and microbiology. Several stand 

alone facilities on and around the site will gather geomagnetic, gravimetric, seismic, 

17
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atmospheric, and GPS data, allowing the site to serve as a year-round remote sensing 

station. The 7535ft2 station contains research facilities, mechanical, storage, and living 

space. Out of the total space 1076ft2 is dedicated solely to scientific research. A ground 

integrated garage structure provides parking for several vehicles and extra space for 

equipment storage. The station is equipped with an automated system that can be 

remotely activated in the preseason to prepare for occupation. The facility was 

inaugurated in February 2009 and will begin its normal November – February seasonal 

operations during the 2009-2010 polar year. The station will support up to 12 people 

including an international team of 8 scientists and an operating crew of four. It has a 

projected lifespan of at least 25 years and can be easily upgraded to suit changing needs 

including the possibility of becoming a year-round facility. 1

18
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With the exception of the steel sub-structure 

that anchors the station into the rock the 

building’s structure is composed of heavy 

timber framing. Prefabricated modules 

containing layers of pine, fire resistant 

graphite loaded polystyrene, and closed cell 

foam form the buildings heavily insulated skin. The exterior of the building is clad 

entirely in stainless steel sheathing. In the interior the station is organized around a 

central mechanical core. Bathrooms, storage, and the kitchen surround the core forming 

an intermediate area. Bedrooms, community spaces, additional storage, and lab spaces 

make up the outermost area. Large open community spaces, daylighting, and connection 

to the environment through views of the surrounding site provide pleasant living 

conditions. 1 
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The research station utilizes several sustainable energy sources to provide 95% of its 

needs. Eight 6kw wind turbines driven by the steady katabatic winds provide year-round 

power. An additional 29kw of seasonal power is provided by 970 ft2 of building mounted 

and 2153 ft2 of stand-alone photovoltaic panels. The energy generated by these systems is 

stored in a group of lead acid batteries for later consumption. A large portion of the 

buildings heating and ventilation are provided by passive solar energy and waste heat 

recovery systems. Glazing makes up 15% of vertical surfaces. 320 ft2 of flat plate solar 

thermal collectors supply the necessary heat for snow melting and sanitary hot water 

production. Heat storage tanks in the buildings core will preserve heat gathered by these 

thermal collectors. The building’s HVAC system is composed of a balanced ventilation 

system with high efficiency heat and moisture recovery, and redundant electric wall 

heating. A set of 30kw redundant diesel generators and a 5kw uninterrupted power supply 

can provide power in the event of an emergency. To ensure proper regulation and 

automated start up of these systems a comprehensive energy management system will be 

utilized. 1

The station utilizes a black and grey water treatment system to allow a portion of waste 

water to be recycled for use in toilets and other non potable situations. Grey and black 

water are treated by an anaerobic reactor and an aerobic bioreactor, filtered by an active 

carbon unit, and treated with chlorine and UV light. After being treated a small quantity 

of excess water is released by and insulated pipe into a small fissure formed between the 

rock ridge and surrounding ice. 1
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The shape of the station and its aerodynamics were carefully considered to reduce wind 

loading and control snow accumulation. Its elevated wing-shaped design accelerates wind 

as it passes under the structure creating a scowering effect that prevents snow buildup 

under the building and in front of its garage entrance. 2

By utilizing passive strategies and creating a balance of glazed surfaces, solar protection, 

thermal mass, and insulation, the Princess Elisabeth Research Station has become the first 

sustainable research station in Antarctica.  
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SANAE IV

Located at Vesleskarvet Nunatak in western Queen Maud Land, SANAE IV (South 

African National Antarctic Expedition) is the latest year-round South African research 

station. The station is anchored into the partially exposed ground of Vesleskarvet’s 

southern buttress. The station was completed in 1997 as a more permanent solution and 

replacement for the early SANAE stations located on the Fimbul Ice Shelf approximately 

140 miles from the new site. Surrounded by snow and ice, these stations were susceptible 

to snow burial and had shortened operational life spans. At the new site snow accelerates 

past the station and off the adjacent cliff face. With minimal snow accumulation the 

station will have a greatly extended lifetime. 3

21
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SANAE IV is one of the first stations to use a raised design. By lifting the building above 

the ground snow is allowed to pass underneath, further reducing the potential for burial. 

The improved aerodynamics created by its rounded corners reduces wind loading and 

increases wind speeds under the structure to create a scouring effect. During the design 

process models of the station were extensively wind-tunnel tested to optimize 

performance. This revolutionary technique is now used in most modern stations. 

The station consists of three raised two-story modules connected by passages on the first 

floor. These passages contain the station’s entrance and exit points to the surface 13 ft 

below. Each link between module and passageway contains an air-lock, change-room, 

bathroom, and a series of electronic distribution boards.  Each module is approximately 

46 ft wide and 144 ft in length. 3
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The southern module, known as A-block, houses a radio room and communications 

center, medical facility, darkroom, offices, physics labs, wet lab, storage rooms, laundry, 

and housing accommodations. 3

The middle module, or B-block, houses a kitchen, 

dining area, TV lounges, bar, game room, smoking 

room, library, another laundry, and more housing 

accommodations. 3

The northern module, or C-block, contains the mechanical and service areas, including a 

generator room, workshop, water storage, sewage processing plant, equipment storage, 

engineers’ offices, flight operations office, and hangar with attached heli-deck. A 

Figure 11
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gymnasium and sauna are also located on its upper floor.  Vehicles and supplies can be 

raised to the hangar level by two screw lifts incorporated into the heli-deck. During the 

winter vehicles are parked inside the building protecting them from the harsh 

environment. 3

The building’s main structure consists of a steel frame with rigid prefabricated foam and 

glass-fiber panel cladding.  Its 18 inch thick walls and triple-glazed windows provide 

significant insulation, but the interior must still be actively warmed.  Waste heat 

produced by the diesel generators heats the air that is circulated throughout the building 

by the climate control system.  This heat is also used to heat water for faucets and 

showers.  The main heating system is supplemented by small electric wall and fan 

heaters.  Although the interior temperatures are usually maintained at 64°F, some areas 

drop well below this in the winter, particularly the hangar area. 3 

The station’s sewage is pumped through a sealed waste treatment plant located in the 

base of the structure.  Its output is treated to South African environmental standards 

before being released into the environment through an insulated pipe. The remaining 

concentrated sewage is stored in containers, along with all other waste produced, for 

transportation to South Africa during periods of relief. 3

Water for the base is supplied by an exterior snow smelter.  Snow and ice is manually 

shoveled into the machine, then melted and pumped into holding tanks. 3
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Electricity is generated by two high performance 250 kW water cooled ADE diesel 

generating sets.  A redundant third generator is integrated into the system for emergency 

use.  An un-interrupted power supply system is used for scientific and medical equipment 

in the event of a system failure. 3

System performance data from the station is relayed back to South Africa’s National 

Department of Public Works through a computer monitoring system.  A team of experts 

then reviews this information to perform diagnosis and maintenance. 3 

Satellite and radio systems provide advanced communications capabilities for the station. 

Three phone lines, one fax line, and near-broadband internet access are provided by a 

continuous satellite connection to the South African National Antarctic Program 

(SANAP) headquarters, located in Cape Town.  The high-speed internet allows team 

members to easily correspond with colleagues, friends, and family members.  3

The base is supported and maintained year-round by a staff of scientists and logistics 

personnel.  Up to 60 are supported at the station during the polar summer, with a reduced 

team of 20 overwinter.  Each year, the overwintering team arrives at Antarctica during 

the summer expedition aboard the SA Agulhas, a research and logistics vessel.  The 

expedition lasts approximately 16 months, through the austral winter, to the end of the 

next summer season.  The larger summer expedition and re-supply team consists of 

administrative staff, heavy equipment operators, helicopter crew, maintenance staff, and a 
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contingent of scientists.  During this expedition, typically lasting only 2 months, the 

station is resupplied with equipment, food, and fuel, and all waste is collected for 

removal.  During this time the overwintering team receives training for the upcoming 

season, and scientific teams conduct explorations that cannot be conducted during the 

harsh winter months. 3

Having been in operation since its opening in 1997 the SANAE IV research station has 

proved a successful model for year-round facilities in Antarctica.
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PSYCHOLOGICAL IMPACTS

Design Responses

Creating a desirable living space in the extreme environment of Antarctica can be a 

challenging task.  The harsh climate, isolation, and abnormal daylight cycles can have 

drastic psychological impacts on scientists and support personnel living in Antarctica. 

These factors must be dealt with appropriately through responsible architectural design in 

order to minimize their impact and create a positive environment.  

Extensive studies for the Apollo space missions were conducted on the psychological 

effects of confinement. These studies determined that the longer the confinement, the 

larger the living space needed.  With extended confinement there is also a greater need 

for private space. The allocation and differentiation of functions is also critical. Each 

space should have an independent identity easily distinguishable from others. Community 

spaces, therefore, should be both visually and physically distinct from private spaces. The 

same is true for workspaces and recreational spaces. Simply because a building is located 

in Antarctica does not mean that the quality of living should be sacrificed.  1

The relative size of each space must be carefully considered in order to promote ideal 

living conditions.  By restricting the size of private quarters, communal areas become 

more important and desirable.  If the quarters become too comfortable, residents are more 
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likely to become isolated.  Placing importance on public areas promotes community 

interaction, therefore increasing overall psychological health.  1

In the absence of the normal day/night cycle, most Antarctic stations utilize bright, full-

spectrum fluorescent lighting with light interior finishes. This method, however, does not 

always produce a comfortable atmosphere.  By utilizing RGB LED lighting systems the 

correlated color temperature of lighting can be modulated to simulate daily and seasonal 

cycles to provide a circadian rhythm.  The U.K. has experimented with interior colors 

shown to promote socialization, eliminating the traditionally sterile and monotonous 

interiors.  These methods must be utilized, as an overly bright interior with too much 

artificial lighting can be uncomfortable and may prevent residents from viewing the 

natural light displays of the Aurora Australis.  1

Living within the harsh Antarctic environment, an awareness of the dangers must be 

balanced with the need for a humane living environment.  Although functionality and 

safety are essential, human beings cannot function efficiently unless their psychological 

needs are met.  With scientists and personnel living in the desolation of Antarctica for 

increasingly longer periods of time, stations must be designed to be safe, comfortable, 

and productive.  
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Reactions to Isolation

Past incidents involving Antarctic personnel prove the importance of fulfilling the 

psychological needs of research station occupants. 

While some experience a sense of fulfillment from the deprivation, others are driven to 

madness. 

In October of 1996 when the summer sun was still shining, a cook at McMurdo Station 

suddenly turned on his coworkers with no explanation, attacking one man with a 

hammer. 2

In the 1950’s a man at Australia’s Mawson base was locked in a storage room for most of 

the winter season after becoming extremely deranged and violent. 2

A worker at a Soviet base brutally killed his opponent with an ax after losing a game of 

chess. 2 

In 1983, at the Argentinean Almirante Brown station, a staff doctor began having second 

thoughts about spending the upcoming season in Antarctica as the sun began to set.  He 

decided to evacuate himself and the other residents by burning the station to the ground. 2
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These are examples of extreme reactions to isolation.  Generally, those that live in 

Antarctica experience only a strong sense of deprivation and longing.  As a season goes 

on individuals become deprived of many common aspects of life including their senses, 

friends, family, a hot bath, sex, sunlight, hobbies, and anything else they are accustomed 

to.  One of the most common longings, interestingly, is for fresh produce.

Despite the negative impacts of isolation on psychological health, some find the 

experience of isolation euphoric and fulfilling. In Taoism it is believed that social 

withdrawal leads to enlightenment.   Hinduists believe that every human being ideally 

progresses to an isolated existence.  Monks and ascetics are a part of many religions and 

are characterized by discarding material possessions and retreating from modern 

civilization.  Those that continue to return to Antarctica say that despite occasional 

depression, they become more thoughtful and centered from the experience.  

With the future possibility of colonizing space, NASA has been funding anthropologists 

to closely study human life in Antarctica.  By examining the negative and positive 

aspects of isolation, they hope to determine how humans may someday be able to survive 

in an even more extremely isolated and desolate environment.  
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TECHNOLOGY

In the extreme climate of Antarctica the selection of technology and systems presents a 

unique challenge. In near complete isolation every available resource must be captured 

and utilized.  When exposed to the elements these systems must be able to withstand very 

low temperatures, high winds, and possible snow buildup. Internal systems must be 

efficient and effective.  A research station and its crew depends on the reliability of these 

systems to provide crucial energy recourses and protection from the cold. With cutting 

edge technology, it is possible to create an integrated system that is capable of meeting 

these needs.

Wind

In areas near the coast strong katabatic winds draining off the polar plateau provide a 

steady year-round source of power. Annual winds speeds averaging near 20 mph can 

easily drive turbines. The use of a small wind farm could easily provide for much of the 

power needs of a research station. 

With winds reaching up to 200 mph in some 

areas and temperatures dropping below -100 

°F, wind turbines must be extremely robust. 

At the Belgian Princess Elisabeth station, 8 

6kw wind turbines manufactured by Proven 
24
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Energy provide a substantial portion of the station’s energy. These turbines are excellent 

for this application because of their durability and low maintenance. 8

These turbines are designed to work in varying wind speeds from low to extreme. They 

use a flexible blade system that allows each blade to adapt to changing wind speed. The 

shape of the blades is efficient at relatively low speeds but as wind increases they change 

shape, reducing wind load and maintaining optimal rotational speed. If the electrical load 

is suddenly removed the turbines regulate their speed to prevent failure. Other turbines 

may require a temporary halt of power generation in extreme wind conditions to prevent 

damage. Because of the blades’ ability to flex, these turbines are based on a downwind 

design and do not require a yaw mechanism to orient the nacelle. 8

To reduce noise and maintenance the turbines use a direct drive generator. Without a 

gearbox the blades spin at a relatively low speed, decreasing noise produced without 

reducing power output. For application in a wind farm it is best to allow between 5 and 9 

rotor diameters between individual turbines in the prevailing wind direction, and between 

3 and 5 perpendicular to the prevailing winds. This reduces possible interference between 

turbines, a phenomenon known as wind park effect, and allows maximum efficiency. 

Because of their simple, efficient, and reliable design these wind turbines are ideal for use 

in Antarctica. 8
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Photovoltaics

Solar energy is an obvious choice for power generation in Antarctica. In coastal regions 

near 70° S latitude only two months of darkness are experienced in which photovoltaics 

would be totally ineffective. During the polar summer the sun remains above the horizon 

for nearly three months. During this period, as the sun travels around the horizon, ground 

mounted panels with tracking systems would be most efficient. A tracking system allows 

panels to maintain a more efficient angle throughout the day and reduces the amount of 

self shading. 

With winds reaching hurricane 

force in outer Antarctica the 

strength of these systems is critical. 

Many mounting and tracking 

systems are not able to resist winds 

of this strength. Most pole 

mounted dual axis trackers can 

only operate in 40-50mph winds. 

An innovative design by Portasol 

Trackers uses temperature 

regulated hydraulics to operate dual axis trackers without the use of motors or computer 

systems. However, with temperatures dropping well below the freezing point of its 
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hydraulic fluid, this system is not applicable for use in Antarctica. 9 Single axis trackers 

manufactured by Sunpower Designs are examples of efficient and robust systems. In their 

T20 Tracker, panels are mounted on a single member that forms the long leg of a tripod 

structure. This member is rotated in one axis by a slide that connects a row of individual 

trackers. This allows an entire row to be operated by a single motor, requiring far less 

power than a traditional system. Because of their stable design the T20 system can 

operate in winds up to 80mph. At higher wind speeds the panels return to a horizontal 

position to prevent damage. This single axis system can achieve up to a 30% energy gain 

when compared to a fixed system. 7

An alternative to a tracking system is a fixed array. Although it is not as efficient in 

gathering energy, its fixed structure is stronger and more wind resistant. The Belgian 

Princess Elizabeth station uses a small array of this type. As the panels do not pivot, an 

optimum angle must be chosen to maximize exposure. At near 70° S latitude fixed panels 

are tilted at 50° and oriented north for optimum performance. 

Another option for photovoltaics is a building mounted system. Unlike those in lower 

latitudes, building mounted panels in Antarctica may face in any direction, taking 

advantage of the sun’s large azimuth range. Many Existing structures in Antarctica use 

this system to provide supplementary power.
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Energy Storage

When utilizing wind and solar energy to provide electrical power, an energy storage 

system is necessary. Due to the intermittent nature of these sources energy must be 

gathered and stored in order to provide a constant supply of power during times when 

solar and wind energy are not available. 

Traditionally a series of lead acid batteries similar to those used in cars are used to store 

incoming energy. These batteries rely on chemical reactions to trap ions that move 

between electrodes. Although they have a large storage capacity, lead acid batteries have 

a relatively short lifetime and a limited charge and discharge rate. 10

In comparison, ultracapacitors have the 

potential to provide a more efficient and 

longer lasting means of energy storage. They 

can be charged or discharged rapidly and have 

an extremely long lifetime. Their ability to 

withstand shocks, vibrations, and cold 

temperatures makes ultracapacitors more 

reliable than traditional batteries.  An 

ultracapacitor uses an electrical field to store 

energy without a chemical reaction. This is 
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done through gathering ions from an electrolyte fluid and storing them in a series of 

electrodes that are coated in activated carbon.  However, due to the extremely porous 

nature of carbon, the surface area is very large and the efficiency of the energy storage is 

limited.  Although today’s ultracapacitors are not advanced enough to match the storage 

capacity of the lead acid battery, they will soon become the future of energy storage 

systems. 10

Researchers at MIT are developing a 

nanotube-enhanced ultracapacitor that can 

match the traditional battery in storage 

capacity while maintaining the durability and 

long life of today’s ultracapacitors. In the new 

design by MIT, researchers are using vertically 

aligned carbon nanotubes grown on the surface 

of aluminum electrodes.  These carbon 

nanotubes are regular in shape, only a few 

atomic diameters wide, and arranged in an efficient vertical alignment on the electrodes. 

This results in a drastically more effective surface area than the irregular carbon surface 

in the current ultracapacitors, significantly increasing the storage capacity to rival today’s 

lithium ion batteries. Researchers are currently developing a functional prototype and 

expect to have a product on the market in five years.  This nanotube-enhanced 

ultracapacitor could revolutionize energy storage and eventually replace the battery. 10

28
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Solar Thermal Collectors

For the collection of heat to assist in the production of hot water for showers, laundry, 

cooking, and radiant heating, solar thermal collectors can provide significant amounts of 

solar hot water during the polar summer. There are three basic types of solar thermal 

collectors: flat plate, evacuated tube, and unglazed. Each utilizes the sun’s energy to heat 

a liquid that is circulated through a series of tubes. The tree types differ primarily in the 

way in which they are insulated. 6

Because of their lack of insulation, unglazed systems are typically used for pool heating 

during warm periods when the air temperature is near the desired output temperature. In 

colder climates insulation is required to minimize heat loss.

 In flat plate collectors, either water or a heat transfer solution is circulated through pipes 

within a black metal absorption panel. This system is placed within an insulated glazed 

box. Although this system performs well in colder climates its efficiency is limited by its 

insulative properties.

 Evacuated tube systems, while outperformed by other collectors in warmer climates, use 

a vacuum to provide superior insulative qualities and are the most applicable for use in 

extremely cold climates. Each collector is made up of a series of evacuated glass tubes 

containing a coiled collector. Water or a heat exchange fluid is circulated within the 
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super-insulated collector allowing it to reach much higher temperatures than other 

systems. Another potential advantage to evacuated tube collectors is their ability to better 

utilize varying sun angles. Because of their coiled design and multiple tube assembly they 

are less directional than a flat plate collector. For optimum efficiency collectors should be 

oriented towards the sun with an approximate angle equal to the site’s latitude plus ten 

degrees. 5

Waste Management

In an isolated environment the byproducts of a research station and its occupants must be 

dealt with accordingly in order to reduce its negative environmental impact. The Protocol 

on Environmental Protection to the Antarctic Treaty prohibits the disposal or open 

burning of waste in Antarctica and its surrounding seas. All inorganic waste must be 

transported out of Antarctica for recycling and disposal or incinerated on site. This waste 

is sorted by type and compacted into shipping containers for transport. Organic waste 

must be treated before it is released into the environment. Typically, food scraps and 

other organic waste is shredded and combined with black water before being treated. The 

resulting treated water is released or recycled for use in toilets and other non potable 

applications.  

By utilizing a system of reactors, along with filtration with chemical and UV treatment, it 

is possible to achieve up to 90% recycling capability. The Belgian Princess Elisabeth 

station currently achieves 50% recycling capability with such a system. A pair of 
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redundant influent buffers collects incoming grey and black water. The combined waste 

is then treated in an anaerobic reactor with ultra filtration, a chlorine unit, active carbon 

filtration, and a membrane aerobic bioreactor. The resulting solution is then treated with 

UV light prior to exiting the system or stored in a buffer for re-use in non-potable 

applications. Because of the bioreactor the system does not produce methane, only low 

amounts of CO2. Residue produced by the system is collected, dried, and sealed in sterile 

containers for transport off the site. 

With the addition of a reverse osmosis membrane filter this system could be improved to 

achieve a 90% re-use rate. This increase is made possible by the removal of bacteria, 

viruses, and other harmful substances from the water, allowing it to be used for a wider 

variety of non-potable applications. By recycling waste water a research station can 

greatly reduce the amount of waste it produces and its dependence on snow melting.

Figure 13
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HVAC

In the extreme cold of Antarctica heating is critical for the successful operation of a 

research station. During the polar summer an abundance of sunlight can be utilized 

through passive solar strategies. During the winter, however, when the sun remains below 

the horizon for an extended period of time an efficient heat source is needed. 

With electricity generated by wind turbines, an electric boiler and hydronic radiant 

heating system could provide sufficient heating during times of darkness. A heating load 

calculation would be necessary to determine the necessary boiler size. For estimation 

purposes, assuming 40 Btu per square foot, a 270,000 Btu boiler would be required to 

provide radiant heating for 6,700 ft2. 4 Including sufficient service space, 25-30 ft2 should 

be allowed for a boiler of this size. 3

To reduce the heating load all waste heat produced by processes such as waste treatment, 

solar thermal storage, electronics, and other mechanical systems must be retained and 

utilized. Placing these systems together in a central space can simplify heat recovery and 

provide a more efficient means for its distribution.  Phase changing materials can be used 

within this core to increase its thermal mass and ability to recover heat.  

Combined with heat recovery, passive solar strategies can provide a substantial portion of 

the station’s heat for approximately half of each year. By creating a balance of glazing, 

shading, building orientation, and thermal mass, heating can be regulated and controlled. 
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Because of the unique sun path during the polar summer glazing in all directions can be 

utilized for solar gain. Between seasons as the sun begins to set for part of the day, north 

facing glazing would receive the most direct gain. Because of the low sun angle vertical 

shading devices would provide the best regulation of solar gain. 

In a super-insulated building a ventilation system is required to maintain air quality and 

help regulate interior heat distribution. In an extremely cold climate the appropriate air 

changes per hour (ACH) must be maintained without significant heat loss. To achieve 

this, an airflow of 35 cfm per occupant is recommended. 11 To help minimize heat loss a 

heat recovery system consisting of multiple heat exchangers would recover exhaust heat 

to help heat incoming air.

Materials

In Antarctica it is important to provide superior insulation from the harsh environment. 

Materials and systems with high R-values and low thermal conductivity are essential to 

maintain comfortable living conditions without an excessive heating load.

Aerogel, nicknamed “frozen smoke”, is the 

lightest and least dense solid currently 

known to exist.  At a density only three 

times that of air, aerogel can withstand 

applied forces of 500 to 4,000 times its 
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weight.  Composed of approximately 95% air it provides an extremely high surface area, 

making it an excellent insulator.  It’s unmatched insulative qualities, combined with its 

light weight and structural capabilities, make aerogel an ideal building material for the 

harsh conditions of Antarctica.  Because of its translucent properties the most common 

architectural application is in daylighting panels.  These panels are able to transmit a high 

percentage of light while maintaining an R-value equal to or higher than that of a 

traditionally constructed insulated wall.  This allows for diffused daylighting without 

unpleasant glare. 1

To prevent heat loss through glazing a fixed window 

system with multiple insulating layers can provide a 

high R-value. One of the most efficient and highest 

performing glazing system is the Superglass Quad. 

With a U-value of 0.07 and R-value of 13, these double-

pane windows are ideal for the extreme Antarctic 

environment.  The systems Impressive insulative 

qualities are produced by a “weightless cavity construction” which utilizes three Krypton 

filled air spaces and two suspended heat mirror film glazing panels.  This quadruple 

glazed window unit weighs little more than a typical sealed unit, while matching the 

energy efficiency of an R-18 wall.  It provides some of the highest insulative properties 

of any glazing unit.  Each layer of glazing is transparent, offering unobstructed views 

while providing a high level of protection from harsh environmental conditions. 12

Figure 14
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SITE

Parameters

When locating a site for the proposed research station, several parameters must be 

considered in order to provide ideal conditions for this station and its inhabitants:

• an area of exposed rock to provide permanent and stable anchoring of the building

• close proximity to an area with adequate space for a small wind farm and 
photovoltaic array

• a location within or near mountains that provide shelter from strong katabatic 
winds, but that do not overly shade the site throughout the day

• an area within close proximity to a blue ice field that can be used as an airfield

• access to soft snow that can be melted to provide sufficient water for the station

• a location that is easily accessible by snow vehicles via the surrounding snow 
fields

• close proximity to areas desirable for conducting field work 

• an area with inspiring views of the surrounding mountains

The Gruvleflesa Knolls

Located in the Orvin Mountains in Queen Maud Land, the Gruvleflesa Knolls provide an 

ideal site for the research station.  These two knolls are situated at the north-western edge 

of the Kurze Mountain chain, at the base of the Gruvletindane Crags.  These mountain 

formations provide protection from the strong south-easterly winds, without drastically 

reducing sun exposure during the long polar days.  
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The eastern knoll contains a large area of exposed rock, approximately .5 miles long by .2 

miles across.  This provides an ideal condition for anchoring the building and the wind 

turbines.  A larger expanse of partially exposed rock around the site provides a possible 

secondary location for the wind and solar farms.  

Figure 15
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A blue ice field approximately 1.3 west of the site is suitable for use as a landing strip. 

This would allow for the efficient transportation of building materials, supplies, 

personnel to the site.  

The surrounding snow fields that border the site provide a sufficient supply of snow for 

the water needs of the station.  This adjacency also allows for access by snow vehicles.

Spectacular views of the Drygalski Mountains, 

including the famous Ulvetanna and Holtanna Peaks, 

can be seen to the west of the site. To the South, the 

Kurze Mountains continue into the distance.  These 

jagged peaks and crags provide a sense of scale and 

place within the Antarctic landscape.    

31
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The proposed research station will operate year round, supporting an international team 

of 12 scientists during the polar summer and 6 during the winter. An operating crew of 4 

including a station leader, engineer/systems manager, supply manager/cook, and facilities 

manager will operate and maintain the station throughout the year. The station will serve 

as a base of operations for expeditions of up to 150 miles including the Queen Maud 

coast and surrounding Orvin Mountains. Scientists will focus on the study of climatology, 

glaciology, and biology. The station will contain the necessary systems and tools to 

gather, record, and analyze data in the interest of furthering our understanding of these 

fields and our role within the global environment. 

By fully utilizing available renewable energy sources such as wind, solar, and waste 

treatment byproducts the station will require zero energy input during normal operation. 

In the event of a system failure clean energy powered back-up generators will be used to 

provide temporary power. By employing waste treatment and recycling systems the 

station will also produce minimal output.

The goal of the project is to create an environmentally responsible and efficient research 

station with minimal negative impact on its site. It will respond to the extreme conditions 

of Antarctica without sacrificing the psychological and programmatic needs of its 

occupants. Its utilization of new technology and design strategies will set an example for 

future research endeavors within Antarctica and the goals of our nation as we enter a new 

age of technological development.    
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Site Climate

Figure 16

Figure 17

Figure 18
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PROGRAM

• Lab and research space: 1500 ft2

• lab tables

• computer workstations

• meeting table

• equipment storage

• Living quarters to accommodate up to 16 occupants: 900 ft2

• 16 individual rooms

• personal storage

• Male and female lavatories: 500 ft2

• Kitchen and food storage: 350 ft2

• Storage space: 250 ft2

• Mud room: 150 ft2

• gear storage

• personal lockers

• Community gathering and relaxation space: 400 ft2

• Meeting room: 250 ft2

• Personal computer space: 50 ft2

• Office: 150 ft2

• Communication/data room: 100 ft2
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• Workout room: 300 ft2

• Hydroponics lab: 200 ft2

• Laundry: 100 ft2

• Mechanical: 800 ft2

• energy storage

• waste management systems

• heat storage tanks

• water storage

• computer systems

• Unheated garage and equipment storage: 3500 ft2

• vehicles/equipment

• maintenance supplies

• backup generators

• speciments

• Circulation: 700 ft2

10,200 ft2 total
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CODE ANALYSIS

With no one government or entity controlling Antarctica, no specific building codes exist. 

Research stations and facilities are only responsible to uphold regulations on 

environmental impact specified by the Antarctic treaty, specifically the Protocol on 

Environmental Protection. In order to maintain a level of building safety many countries 

use simplified versions of their established building codes. For this purpose the proposed 

research station will comply with occupancy standards, allowed construction types, and 

exiting strategies of the International Building Code (IBC). 

Research and lab facilities that do not involve the use of hazardous materials are 

designated a type B occupancy by the IBC. A garage and equipment storage facility 

would be classified as type S1. Given the station’s required square footage, type B and S1 

occupancies may be built using type V B unrated construction. In Antarctica, however, a 

certain level of fire resistance must be achieved to prevent a catastrophic fire. 1

Within a type B occupancy, a space of 6,700 ft2 has an occupant load of 67, allowing 100 

ft2 per occupant. In this case an occupant load of 51 - 500 requires two exits. For type S1 

a space of 3500 ft2 has an occupant load of 35. For this load two exits are also required. 

In both spaces exits are to be placed greater than or equal to half the diagonal distance of 

the space. For both occupancy types a maximum exit travel distance of 200 ft is allowed. 

Within the space a maximum common path of travel of 100 ft is allowed. 1  
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By Utilizing the previously discussed energy and waste management systems the station 

will easily conform to the environmental guidelines established by the Antarctic Treaty.
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CONCLUSION

By creating a responsible design solution within the extreme climate of the Antarctic we 

can better understand how to utilize a combination of established design strategies and 

cutting edge technology to create the buildings of tomorrow. Its isolated environment 

serves as a valuable case study for how individuals react to confinement and isolation. 

From this we can learn how to manipulate architectural environments to better serve the 

psychological and physical needs of their occupants. Extreme situations, as repeatedly 

proven by our space program, can provide appropriate situations for the development and 

experimentation of new technologies that would have otherwise never been considered. 

As these technologies become more easily accessible and affordable we can begin to 

create a better future for ourselves and our planet.
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