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Abstract

Science in Antarctica has greatly increased our knowledge of
climate, the Earth’s history and the human impact on the world’s
environments, yet scientific activities in Antarctica are having a
direct impact on the immediate environment. Fossil fuels are
relied on to run nearly all operations on the continent and
activities can have direct impacts to the physical environment.
New technologies are providing a means to reduce these
impacts in Antarctica and this report aims to showcase some of
these. Renewable energies such as wind and solar power;
waste management technologies such as
a membrane
bioreactor and Permeable Reactive Barriers; field science
technologies such as the MinION and WindSled; data
networking and communicative technologies are all discussed.
The chosen technologies highlight the opportunity for National
Antarctic Programs to reduce their physical impact, carbon
footprint, improve science practices and encourage collaboration
in Antarctica.
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Introduction
“Although scientific research in Antarctica is of paramount importance in addressing
climatic and environmental challenges, there is no doubt that the value of Antarctica
for science should be weighed against the environmental impact of scientific work and
its logistic support.”
(Bargagli, 2005)
The science conducted in Antarctica has been crucial to improving
our understanding of climate change and the important role of
Antarctic and Southern Ocean in the earth’s oceanic and
atmospheric systems. However, current and past scientific
programs have had a direct impact on the Antarctic environment.
Technological advancements in energy, transport, waste and data
networks all have the ability to reduce the impact of science in
antarctica and provide scientific programs new ways to conduct
research in the field and help to reduce the human impact and
carbon footprint. The aim of this report is to show that National
Antarctic Programs (NAP) can reduce their carbon footprint, their
physical impacts on the environment whilst taking their scientific
programs to new heights. These goals seem ambitious but the
report will show that they are achievable and have real potential to
reduce the human impact on Antarctica.

This report will consist of 6 sections. The first will introduce the
concepts of human impact and carbon footprint from the
National Antarctic Programs. The second will look at potential
renewable energy options and future energy producing
technologies. The third section discusses how technologies can
improve management of wastewater treatment and clean-up of
contaminated sites. The fourth section will describe
eco-vehicles as well as a case study on using portable DNA
sequencing in Antarctica. The penultimate section touches on
potential technologies for improving data collection efficiency
and transmission on the ice. The final section will look at the
potential for international collaboration to overcome some of the
obstacles for implementing new technology in antarctica.

Footprints
The physical impacts of the NAPs are
easy to see: there are over 80 bases on
the continent, greater numbers of
vehicles traversing the continent, more
flights and new field and science camps
being established and are able to travel
further into the continent than ever before
(SCAR, 2018; Tin, Liggett, Maher &
Lamers, 2013).
These stations are operated by 30
different nations and are extremely
varied including: the amount of people
they are able to hold, if they are
permanent or seasonal, the amount of
energy need to power the station, the
waste management system and how
they conduct science (COMNAP, 2017;
Sánchez and Birgit, 2013). Despite the
diverse range of stations one trend is
abundantly clear the human impact on
Antarctica is growing.

SCAR, 2018

Carbon Footprint
This report will also examine the carbon footprint of the
NAPs and the ability of technology to reduce it. It is well
established that greenhouse gas emissions are causing
climate change and Antarctica will be heavily impacted in
the future (IPCC, 2013). It is therefore in the interest of the
NAP to reduce their carbon emissions and implement
cleaner technology.
The emissions produced on Antarctica are recorded by
individual nations on a voluntary basis and therefore there
is no complete record that covers the whole continent.
Compared to emissions produced by the United States and
Australia the emissions produced in Antarctica are
relatively small. The heavy reliance on fuel for almost every
activity in Antarctica means that emissions are
comparatively large per person and a reduction in fuel use
has the potential to make a real difference.

The NAPs have been world leading in putting the
environment as leading in importance, burning large
amounts of fuel is inconsistent with the environmental
principle.
Antarctica is seen as best practice in environmental
monitoring and is on the forefront of climate change. The
majority of Antarctic science is used to further our
understanding of the earth’s climate but it is important to
look at the impact of science and technology which can
reduce emissions. Additionally, most of the technology used
in this report will bring additional benefits of reducing human
impacts on Antarctica, potentially reduce the cost for NAPs
and increase the ability of scientists to conduct science.

Carbon Footprint Definition
It is important to consider what to include in assessing the
environmental credentials of a technology and how to define
carbon footprint. For this report the carbon footprint will be
considered as the direct emissions produced by human
activity on the Antarctic continent. For example the emissions
produced from power generators on a specific base.
This definition is based on the Global Footprint Network who
define the carbon footprint as the 'fossil fuel footprint' caused
by an activity measured in CO2 (The Global Footprint
Network, 2018). In choosing this definition the report
excludes the 'life-cycle' assessment of a product. The
'life-cycle' assessment covers the emissions from the input
material, production, deconstruction and end-life of the
product (Wiedmann & Minx, 2008). It is still debated among
academics and civil society as to what is included in the
'life-cycle' assessment and how to calculate and value the
processes in producing a product (Wiedmann & Minx, 2008).
It is difficult to decide what to include in the 'life-cycle' for
example the production of wind turbines has been criticized
for being emission intensive (Binner, 2015). Difficulties occur
when trying to value ongoing costs and issues associated

with acquiring fuel on a year to year basis as well as
potential risks of contamination of Antarctica during
traverses and on base this creates a large cost for NAPs
(Bargagli, 2005; Olivier, Harms & Esterhuyse, 2008)
Therefore, fossil fuels have multiple environmental costs
which also need to be considered in a life-cycle assessment
(Klee, 2001). In consideration of the above this report will
focus on the potential for the technology to reduce the
emissions at the stations and the co-benefits which they will
have.

Picture credit http://www.globalstewards.org

Regulatory Framework
Currently the NAP are not bound to reduce their emissions
under any regulatory framework. The Paris Agreement
establishes the framework for nations to reduce their respective
greenhouse gas emissions with the aim of limiting global
warming to “well-below 2 degrees (Christoff, 2016). The
agreement does not cover emissions produced in Antarctica as
it is not a country. The 30 nations present in Antarctica have
ratified the Paris Agreement although as Antarctic territories are
not recognised by international law the emissions do not
contribute to a countries overall emissions. Despite announcing
the United States (US) would withdraw from the Paris
Agreement President Trump announced only yesterday the US
could ‘go back’ into the agreement (Sampathkumar, 2018). This
however is not highly important as the parties that operate in
Antarctica have already shown environmental leadership. In
signing the Antarctic treaty the continent has been dedicated to
peace, science, cooperation and the environment. The NAPs
have continually updated environmental standards and practices
based on the latest information.

In keeping with this spirit the impact of increased human
activity and large carbon footprint have already featured on
the agenda during The Antarctic Treaty Consultative
Meetings (ACTM).
The ATCM provides the opportunity for consultative parties
(nations that have bases in Antarctica); non-consultative
parties (other nations that have signed the Antarctic Treaty);
observers including: The Council of Managers of National
Antarctic Programs (COMNAP) and experts including The
Antarctic and Southern Ocean Coalition (ASOC) to share
information about their respective science programs,
technology and management (Antarctic Treaty Secretariat,
2011). The term ‘footprint’ and carbon emissions have
featured at numerous meetings, illustrating the importance
parties place on the ATCM are taking these issues seriously.
Papers from these meetings include: CEPVII/IP41,
CEPVI/WP27, CEPVIII/IP28, CEPVIII/WP32, CEPIX/IP78
(Australia, 2010).

Positives and Barriers
The technologies outlined in this report will provide numerous
benefits as they can be cheaper to run, less reliant on fuel, make
science easier, increase outreach, engagement and access to the
continent while decreasing the human impact and carbon
emissions. This report will outline the positives of each technology
and weigh those up with the potential barriers which might arise.
There are of course obstacles to be overcome, anyone who has
been to or worked in Antarctica understands the significant and
unique challenges the continent poses for technology and
infrastructure. In a presentation of this report the authors polled a
room of Antarctic researchers, NAP managers and academics to
gauge what they believed were the biggest barriers to
implementing new technology in Antarctica (figure 1). Figure 1
displayed clear concerns with cost and environmental factors also
featured highly.
Whilst we acknowledge barriers exist it is important to imagine the
possibilities the technologies in this report can bring with them.
The focus of this report is therefore not on the perceived barriers
so alternate avenues to implementing these technologies have
been explored in this report.

Fig 1.1 Screenshot of PollEv results from presentation of
report 2018, showing the thoughts of the audience on barriers
to technology in Antarctica.

Section 2
Renewable Energy
Technology

Energy in Antarctica
Energy concerns in Antarctica;
-

Science operations in Antarctica are very
energy-intensive
All new and existing science technologies
require some form of energy
All technology deployed in Antarctica
requires a robust and reliable energy
source
(Tin et al., 2010)

Ross island wind farm construction in
2009. Image credit Meridianenergy.co.nz

A hot water drilling team complete with portable
diesel generators. Image credit
http://newsroom.unl.edu

This section of the report will present some of
the technologies used, or that are being further
developed, to reduce carbon emissions on the
ground in Antarctica. Studies have looked into
alternative renewable energies in other areas of
the globe and some are presented here as
future possibilities to solving emission problems
in Antarctica.
Historically energy generation included practices
such as burning animal blubber, diesel
generators, and nuclear power. Today, fossil
fuels are the prominent energy source that
powers Antarctic science, and are used to
support bases, transport, field teams, and
almost all of the equipment used in Antarctica.
Base generators are large consumers of fuel
and through combustion produce noxious
gases, including carbon monoxide, nitrous, and
other greenhouse gases which are released into
the atmosphere (Tin et al., 2010). Therefore
NAPs have begun to analyse energy generation
on the ground in Antarctica and assess whether
the impact of the carbon footprint resulting from
Antarctic science is sustainable and ‘best
practice’.

Proposed
portable
power
developments for Byrd station
following the installation of the
PM-3A Nuclear power plant at
Mcmurdo station in 1962
(United
States
Antarctic
Program, 2010).

Expansion and progression of scientific
programs throughout the continent will lead to
increasing demand for power generators and
will inevitably cause exponential increases in
fuel needs. Continuing with current practice is
inconsistent with increasing the carbon
emissions and cost for NAP. Clean and
efficient energies should be implemented to
reduce the carbon footprint whilst enabling
scientific programs to expand.
The cost of supplying fuel to different bases
varies due to the logistics involved, especially
when traverses are required for delivery.
This issue is one that has been highlighted
previously in ATCM’s and within NAP’s
(Kennicutt et al., 2015; 2016). The importance
of this is that science and National Programs
are beginning to recognise the need for
developments in this area. The need for clean
renewable energy grows at the same rate as
the scientific progression that is being made in
Antarctica.

-

‘Energy efficiency practices’ are a
low cost and easily implemented
way to reduce emissions eg. best
practice within bases. These are
not regarded as new or advanced
technologies and therefore, will not
be covered in this section.

-

‘Carbon life-cycle assessment’
debates surrounding some of the
renewable energies have recently
proven a contentious issue and are
far from being settled. The scientific
findings, implications, and debate
around this has not been included
in
the
review
of
possible
technologies, as the goal of this
report is to present possibilities that
can reduce the footprint on the
ground.

A number of NAP’s are already
implementing renewable energies and
some of the most promising examples are
presented here as it gives a sense of the
possibilities available in the future.

Small scale solar panels can generate electrical
energy to power small devices either out in the field or
at
national
bases.
Credit
http://adam.antarcticanz.govt.nz

Renewable energy generated by the Ross Island
wind farm. Credit Meridianenergy.co.nz

Renewable Energies
Wind Power
reduced the carbon emissions of the two
bases by up to 1242 tonnes of CO2 annually
(Ayodele & Ogunjuyigbe, 2016).

Wind energy is a technically feasible alternative
energy despite the strong Antarctic winds and
variable weather. It has been utilised by a
number of NAPs since the early 2000’s (Tin et
al., 2010; 2013).
Significant amounts of wind power were first
utilised at the Australian Mawson Station, where
two wind turbines supply up to 70% of the
station’s electrical energy (Boccaletti, Di Felice,
& Santini, 2014). In 2009 the Ross Island wind
farm became fully operational and supplies Scott
Base with 100% of their annual electrical power
needs (this excludes a portion of heating and
other operational requirements). The turbines
also supply a portion of the power used at the
American’s McMurdo station.
The turbines are estimated to save around
463,000L of fuel annually between the two bases
which is estimated to be 11% of the two bases
annual fuel needs. This will translate into a
reduction in costs for the NAP (Tin et al., 2010).
The wind farm is also estimated to have

The potential savings are an opportunity for
NAP’s to demonstrate how the implementation
of wind power in Antarctica can not only be
cost effective but also be a step in the right
direction for reducing carbon emissions on the
ground. The success of the Ross Island wind
farm can prove to nations that even in some of
the harshest conditions on the planet, the right
steps can be taken towards preserving the
future.
The collaboration between the two nations’
bases has allowed the benefits and costs to
be shared and the Ross Island wind farm is
the first of its kind to share the utilisation of
energy resources and the benefits that it
generates.
Ross Island wind farm shared by
Scott base and Mcmurdo
station.
Credit
Meridainenergy.co.nz

Wind Power progressions
Progressions are being made within wind power technologies and are
providing the ability for NAP’s to pursue new installations of smaller or
variation turbines similar to the vertical axis turbine at Germany’s Neumayer
Station (Tin et al., 2010). These types of turbines are seen as a lower
carbon impact (footprint and lifecycle) as well as being cheaper to run,
construct, and maintain (Ayodele & Ogunjuyigbe, 2016; Tin et al., 2010).
The utilisation of newer turbines may be seen in the near future at the South
African, SANAE IV base. The costs and emissions of the stations 300,000L
per year multi diesel-electric generator systems has become too great and
is threatening the feasibility of continuing work at the base (Ayodele &
Ogunjuyigbe, 2016). Currently SANAE IV uses three 12m turbines that
offset power generation by 35%, but efforts are being made to improve this.

South African Base SANAE IV. Credit http://research.ee.sun.ac.za

In 2016 a study was carried out to assess the feasibility of installing 15
small-scale turbines at SANAE IV to supply 100% of the bases electrical
energy needs at a Cost of Energy (COE) of just over 1cent ($0.103/kwh).
The 15 smaller turbines have the ability to be more sensitive to low wind
speeds whilst still able to withstand winds of up to 70m/s (Ayodele &
Ogunjuyigbe, 2016).

Maintenance engineer up a 12m turbine at South Africa’s
SANAE IV base. Credit http://www.doctorross.co.za

Solar Power
The other obvious renewable energy source used in
Antarctica is solar power and has also been utilised in
many bases over the last two decades. In 2010
countries like Sweden, Japan, Australia and Belgium
were using solar for small scale electrical production
(Tin et al., 2010).

http://www.antarcticstation.or
g

http://www.powerfilmsolar.com

Since 2010 more efficient and robust panels have been
developed with the added ability to heat significant
amounts of water (Mussard, 2017). This has seen even
greater fuel and cost savings at bases, but the utilization
of the latest technology panels have not yet been
reported on or described as being applied in Antarctica.
Companies are now producing portable and rollable
solar panels that are being used by the American
military on vehicle rooftops as a portable energy source,
and have been proven as a very valuable energy
alternative away from infrastructure.

http://www.antarcticstation.or
g

http://www.powerfilmsolar.com

The application of this type of technology may be more
suited for field work rather than bases but can still
contribute to the overall reduction of carbon emissions.
http://www.antarcticstation.or
g

http://www.powerfilmsolar.com

Hybrid systems
The combination of both solar and wind has
proven that bases are already capable of
achieving Zero Emissions (Sanz Rodrigo, van
Beeck, & Buchlin, 2012).
Belgium’s Princess Elisabeth station opened in
2009 and has been designed to run on 100%
renewable energy and has diesel generators for
emergency backup only. The bases energy needs
are powered by roughly 50% wind power and the
combination of Photovoltaic and thermal panels
provide the other 50% and also power water
heating (Sanz Rodrigo et al., 2012). Smart
systems allow the base to be controlled remotely
over winter and managed more efficiency (fig. 2.1
on page over).
The bases can produce substantial cost savings
on fuel, reduce the emission production of bases,
decrease the need for fuel transportation, and
therefore reduce risks of spillage and
contamination at sites (Kennicutt et al., 2015).

Belgium’s Princess Elisabeth station and it’s solar and wind
infrastructure. http://www.antarcticstation.org

The benefits presented by these
types of bases promotes more
research into higher-tech hybrid
systems combining wind and solar.
There is also the potential for
anaerobic digestion systems with
the ability to harness biogas and
methane, produced from organic
waste products to be part of a
hybrid system but this is yet to be
realised
(de
Christo,
Fardin,
Simonetti,
Encarnação
&
de
Alvarez, 2016).
The presence and success of
renewable energies in Antarctica
encourages the potential for further
development
in
renewable
technologies and alternative energy
technologies to be included in new
or refurbished stations.

http://www.antarcticstation.org

http://www.antarcticstation.org

Figure 2.1
Belgium’s Princess Elisabeth station is fitted
with a smart system that optimises energy
efficiency by calculating energy priorities and
diverting power to essential systems. This
diagram shows how the input of power is
directed to the priority systems (Foundation,
2016).

Growing Technologies
In the Pipeline
Other renewable energy harnessing technologies that are being
researched involve:
-

Small-scale hydroelectric projects aimed at harnessing the
energy released by melting glaciers (Kumar & Katoch, 2014).
This science however, is still in early stages of development in
the Himalayas.

-

Hydrogen fuel cells with the ability to store excess wind
energy. Advanced technology turbines and storage systems
are being developed to harness excess wind power in
hydrogen form. The generated hydrogen can then be stored
and utilised as a fuel cell for further electricity generation when
wind resources are low. The hydrogen can also be utilized as
fuel for heaters or vehicles. It has been proposed that the use
of this type of system would mean that wind energy could
supply all energy needs in bases (Ayodele & Ogunjuyigbe,
2016).

-

The utilization of methane gasses and also thermal gradients
have been proposed by using of waste-to-energy systems
(covered in section 3).

Battery power
Harnessing and generating energy has become relatively
easier in Antarctica. The main problem lies in the ability
to store the energy for prolonged periods. Without this
ability renewable power can only be utilized when
conditions permit.
Companies like Tesla have proven that large battery
stations are able to make a huge impact in places like
South Australia when there are fluctuations in power
availability (Drawdown, 2016; Ong, 2017).

Tesla batteries systems.
http://www.drawdown.org

Until these technologies are refined and proven to
withstand the extreme cold temperatures, there will
always be a constraint on energy progressions in
Antarctica.

Section 3
Waste Management

Waste Management
While having permanent infrastructure in Antarctica can
be hugely beneficial to science and the management of
activities, it also results in huge direct impact to the
environment. Wherever humans set up permanent or
semi-permanent settlements, waste is an inevitable
outcome.
Waste management is therefore a high priority for
reducing footprint and new technologies can play a great
role in helping to reduce these direct impacts.
Before the Protocol on Environmental Protection to the
Antarctic Treaty was signed in 1991, there were no set
limits for how waste could be disposed of and dealt with,
and a complete disregard for the environment was seen.
In this time Antarctic stations would dump wastewater
into the ocean, burn waste materials or just leave waste
behind on ice flows to eventually end up in the ocean
when the ice melted.

Annex III of the Protocol requires that:

“the amount of wastes produced or
disposed of in the Antarctic Treaty area shall
be reduced as far as practicable so as to
minimize impacts on the Antarctic
environment and to minimize interference
with the natural values of Antarctica… .”
(Art. 1.2, 1991)
Article 1.2 was the catalyst for a wave of new management
plans and use of technologies to streamline waste
management in Antarctica.
The key outcome from this, for many Antarctic stations was to
reduce the amount of materials and wastes coming to the
continent in the first place.
The waste management strategy used by Antarctica New
Zealand outlines that “Minimisation is the key means of
reducing the logistic and environmental impacts of waste”
(Antarctica New Zealand, 2015).
Section 3 of the waste management strategy is dedicated to
waste minimisation and this is a common practice across all
Antarctic Stations.

Table 1 - Waste types commonly generated through Antarctica New Zealand operations in
the Antarctica New Zealand Waste Management Handbook, 2015 (Antarctica New
Zealand, 2015)

Identified in table 1 from the Antarctica New Zealand Waste
Management Handbook are the most common types of
wastes produced in Antarctica. Hazardous wastes (both
biological and chemical) are more reliant on new
technologies to improve management and disposal.
This report will focus on wastewater treatment and clean-up
of contaminated sites. New technologies and modifications to
old technologies are proving to be successful in reducing the
impacts of these wastes.

Wastewater includes both greywater (the
resultant water from activities such as
showering, laundry and kitchen) and
blackwater (sewage) (Antarctica New
Zealand, 2015). It is an inevitable outcome
of base settlement and needs to be dealt
with in an efficient and discrete manner to
reduce the direct footprint on the
environment. Common methods for dealing
with wastewater in Antarctica at present
include biological treatment of wastewaters,
incineration, or maceration and disposal
(Gröndahl et al., 2009).
A number of stations have installed
biological systems for treating wastewater,
however methods vary among bases.
Appendix one (taken from Tarasenko,
2009) gives a few examples of where
biological systems are used and what the
differences are. Scott Base, the New
Zealand station uses aeration, where
wastewater is treated in a chamber with a
bacterial biofilm and is then disinfected by
UV-radiation.

This is a common method however the
process has evolved to be even more
efficient and achieve better water-recycling
results.
Membrane Bioreactor (MBR) offers an
alternative
technology
to
biological
treatment systems. Not only does the MBR
offer a smaller footprint, higher biomass
concentration and fewer phases involved
developments have been made by National
Aeronautics and Space Administration
(NASA) to upgrade the technology for use
on long-duration space missions (Arévalo et
al., 2009). The end goal is to be able to
recycle 100% of the wastewater produced
to a drinkable standard (Zhang et al., 2008).
Further technological developments of the
MBR include a submerged MBR which
combines the biologically activated sludge
process with physical separation by
membrane, avoiding the need for an
intermediate or second purifying step
(Arévalo et al., 2009).

https://www.wwdmag.com

http://www.antarctica.gov.au

“The British Antarctic Survey is
at the forefront of innovation in
the study of human impact on
the planet. As a company
dedicated to lowering this
impact, their activities align
closely with Veolia’s own global
strategy to preserve resources
and lower carbon emissions
with an aim of achieving a
circular economy. Our
continuing support for this work
will help them maintain their
unique work environment and
protect the Polar regions.”
Estelle Brachlianoff, Senior
Executive Vice-President Veolia
UK & Ireland.
(Messenger, 2017)

Turning wastewater into energy is an even better solution to the wastewater
problem (Capel, 2010). Waste-to-Energy companies such as Veolia have in
fact trialled their technology at British Antarctic Survey’s Rothera Station.
There are a few different methods for turning waste into energy, with Veolia
using two main methods: Biogas and Biomass. These differ in the way the
energy is produced and harvested. Biogas harvests energy created by
microorganisms while biomass is simply the burning of wastes.
Biogas technology has been used extensively in Australia with recent figures
published in September 2017 revealing the impressive power generation
capabilities of the bioreactor, which is capable of meeting the energy
requirements of up to 30,000 Australian homes (Veolia, 2017).
While the use of new technologies for wastewater treatment has the potential to
improve efficiency, Antarctica provides a unique set of barriers that these
technologies must overcome before they can be implemented. A constant flow
of water, at a temperature between 10 and 20 degrees Celsius is required for
biological treatment to be successful. This water flow must also remain within
certain levels of flow rate for the system to maintain a significant level of
treatment.
In Antarctica, the extreme cold of the environment coupled with high seasonal
fluctuation in population means that the two most important factors for
wastewater treatment plants is not maintained at a constant level. These
factors are also necessary for the Waste-to-Energy technologies to be
successful and are therefore the biggest barriers to overcome.

Contaminated Sites
Clean-up of contaminants is the other major area of
waste-management where new technologies could
greatly increase the success and efficiency of
clean-up.
Sites such as Wilkes and Casey are well known areas
of contaminated soils and remediation efforts have
been underway for years.
A few technologies are available that would greatly
help the clean-up of these sites, and some have
already been used in the Antarctic.
The British Antarctic Survey, with the help of an
engineering company, have developed a portable
hydraulic drum crusher which can easily be
dismantled, loaded into a twin otter plane and flown
out to remote field depots to crush empty drums
(BAS, 2015). This technology is useful for removing
abandoned materials such as oil drums, but there is
still the question of how to remediate contaminants
left behind in the soils.

Fig 3.1 Shows a schematic PRB currently being developed for
the management of heavy-metal contaminated sites in coastal
areas

Alternative remediation technologies such as permeable reactive
barriers and bioremediation are currently being developed for the
Antarctic and bioremediation techniques are increasingly viewed as
the most appropriate for cold climate soils (Aislabie et al., 2004).
While the Antarctic appears to be an ice-covered desert, high
numbers of hydrocarbon degrading microbes have been detected in
the coastal areas near contaminated sites (Aislabie et al., 2004). This
is ideal for bioremediation technologies such as Permeable Reactive
Barriers (PRBs).
Fig. 3.1. above shows how this PRB system works and has been
taken from Snape, Morris & Cole et al. (2001).

Considered the “First step in a multi-step process used to treat a
contaminated site” by Australian Antarctic Divisions’ (AAD) very own
remediation specialist Mr Tim Spedding (Pyper, 2014). PRBs control
dispersion of non-aqueous phase liquids by channeling them through
a treatment system (Filler et al., 2006). The photos below were taken
by AAD of their very own PRB treatment system.

Casey Station Contaminated Site: Use of Permeable
Reactive barrier to remediate soils (antarctica.gov.au,
2014)

Other bio-remediation technologies have been developed and
include: bio-piles, bioventing, and bioreactors (Khan et al.,
2004). All three of these methods use traditional
biodegradation processes however the application of these
processes differ. All three systems do require aid via pumping
air or heat through the system, or by adding nutrients to
catalyse the degradation process. Examples of these can be
seen in the following diagrams:

Fig. 3.3 Diagramatic explanation of bioremediation processes. (Shujing et al., 2017)

Fig. 3.2 Diagram representing biopile system used for crude
oil bioremediation (Christofi & Ivshina, 2002).

Fig. 3.4 Shows a conventional biovent (Filler et al.,
2006)

The implementation of both wastewater treatment
technologies and technologies for contaminated site
clean-ups are restricted by the extreme conditions that
Antarctica presents. As previously discussed, wastewater
treatment must overcome high variability in population
between summer and winter, and extreme cold where pipes
can freeze and biological processes can cease.
Contaminated site technologies suffer a similar fate, where
biological degradation processes can only occur during the
short summer melt period. Not only does the system need
flowing water, but warmer conditions and sunlight are key
components of all bioremediation processes. This highlights
the need for collaboration during these periods to get as
much of the work done as possible while the conditions are
optimal. It also highlights the gap in the technology, where
perhaps new developments or entirely new technologies
need to be designed to serve this unique task in Antarctica.
Cost, maintenance and installation of these technologies are
also considered important factors however through
collaboration with other National Programs and companies,
these barriers are more easily remedied.

“through the Antarctic Treaty system we’ll
be able to pass on what we’ve learned to
other nations, so that they can apply it
without having to go through the lengthy
tests and trials we’ve already undertaken”
- Mr Tim Spedding, Australian Antarctic
Division Remediation Specialist
(Pyper, 2014)

Antarctica New Zealand, 2015

Section 4
Field and Science
Technology

Field and Science
Technologies
Antarctic field science often takes place in isolated
environments where contaminants can impact the
ecosystem and therefore, the scientific potential. This
chapter will discuss potential future technologies which will
decrease the environmental footprint created through field
science. The technology isolated in this section has been
chosen for its potential to impact how field science
functions.
An assessment of on continent eco-vehicle options include
the WindSled and Venturi’s ‘Antarctica’ electric vehicle. A
case study of the plausibility of using MinION in Antarctica
and available personal power production tools are also
included.

On-continent transport
Antarctica was first visited in the early 1800’s, when ships were
sail only or sail with engine assistance (Morrell & Capparell,
2011). Once on the continent the primary source of transport
tended to be active transport such as walking, skiing, dog
sledding and use of livestock with exception of Sir Edmund
Hillary in 1958 who used a fuel powered tractor.
Over time technology for transport has evolved with a larger
proportion of travel today done through fuel powered vehicles.
Current transport options to Antarctica are ship travel as well as
air travel on airplanes and helicopters. Evolution of technology
has allowed for more diversity in travel. With this comes a wider
range of opportunities to reduce fuel consumption. Air travel
has been highlighted as being inefficient at carrying heavy
masses long distance in comparison to both ships and overland
vehicles, while ship travel is slow (COMNAP, 2013; U.S.
Antarctic Program, 2010). This has implications for on continent
transport in Antarctica.

Due to the significant amount of emissions produced by aircraft
fuel, overland fuel powered vehicles have been replacing flights
for on continent logistical expeditions (U.S. Antarctic Program,
2010). The overland fuel powered vehicle used by the U.S.
Antarctic Program can provide 1.8kg of product for every litre of
fuel used, while the airplane used only provided 0.7kg/L of fuel
(U.S. Antarctic Program, 2010). Use of overland vehicles
instead of an airplane saves more than 473,000 litres of fuel in
one South Pole traverse, almost equating to the amount of fuel
used in 40 overland traverses (U.S. Antarctic Program, 2010).
McMurdo station uses light duty trucks for short distance
transport in trucks that travel up to 4.8km/h with gas mileage of
4.25 km/L of fuel (U.S. Antarctic Program, 2010). The use of
light overland vehicles is common in bases, providing an
opportunity to improve the efficiency in a range of areas if a
replacement option becomes available.

Eco-vehicles

The importance of vehicle options

Recent interest on new technologies has been paving the way to
create more environmentally friendly technologies. In 2010 the
U.S. Antarctic programme planned to trial electric trucks at
McMurdo Station aimed at increasing vehicle energy efficiency,
reducing produced emissions and reducing hazardous
material/contaminants such as oil and glycol (U.S. Antarctic
Program, 2010). Further developments to eco-vehicles have
occurred since then, including wind powered and electric
vehicles. One example of each of these is the WindSled and the
‘Antarctica’ model produced by Venturi. Using an eco-vehicle
over a ski-plane can save 100 barrels of fuel for every 1200 km
travelled (Rosen, 2017). Regular use of the WindSled and Venturi
could significantly reduce the carbon footprint of field expeditions.

As no emissions are produced, the use of the WindSled and
Venturi vehicle allowed samples to be obtained with no
contamination to the surrounding environment (Inuit WindSled Greenland Net, 2018; Wysocky, 2015). Using the WindSled,
collected samples can be analysed in situ with use of the mobile
solar powered laboratory and transported in the storage areas (Inuit
WindSled - Greenland Net, 2018). The WindSled can also provide
an economical alternative to producing a base which would enable
continued Antarctic exploration efforts without large investment
(Inuit WindSled - Greenland Net, 2018).
The importance of setting a precedent in Antarctica to use
environmentally friendly vehicles is important to changing current
climatic situations. If an additional 600–800 GtC of carbon
emissions are released globally the West Antarctic Ice Sheet is
likely to become unstable (Winkelmann, Levermann, Ridgwell &
Caldeira, 2015). Introduction of permanent vehicles which produce
fewer emissions is a strong message to the world on what can be
done. At the recent PCAS presentations Antarctic researchers,
program leaders and academics expressed an interest in the future
development of eco-vehicles in Antarctica (appendix 2).

WindSled
Antarctic expeditions:
-

2005 - 2006 – Reaching Vostok, the South Pole of inaccessibility
2011- 2012 – Geographic South Pole
2018 - 2019 – Upcoming expedition over 7000km with team of 6.

The WindSled is currently able to transport up to 4 tonnes enabling
transport of the science team, supplies, equipment and cargo (Inuit
WindSled - Greenland Net, 2018). The WindSled has solar panels
attached to power an on-board laboratory as well as various on board
scientific equipment for testing for atmospheric and snow data (Inuit
WindSled - Greenland Net, 2018). Developments in field generation of
energy is important for personal use. Small portable wind turbines are
currently being created to produce 5 – 15 watts of power, while portable
solar panels are commonly already used (Goal Zero, 2018; James Dyson
Foundation, 2018). Traverse speed is determined through kite size where
30 sizes are ranging from 5m² to 80m² selected based off wind conditions
enabling travel up to 50km/h (WindSled - Greenland Net, 2018). For
further information see figure 4.1.

WindSled kite (Inuit WindSled - Greenland Net, 2018)

The WindSled has potential to transport large amounts of people
and cargo without using fuel and can be broken down into small
durable parts for logistical ease in travel (Inuit WindSled Greenland Net, 2018). The high hauling power of the vehicle
based off wind speed, as well as the permanent setup this vehicle
seems primarily designed for long term expeditions where data is
collected although through restructuring of the main body
opportunities for shorter distance travel may also become more
plausible. Although this vehicle is not necessarily a solution to the
transport emission issues in Antarctica, the WindSled provides a
strong starting point for development and may be plausible for
use in some situations.

WindSled by Inuit WindSled - Greenland Net (2018)

Figure 4.1.
Capabilities and features of the
WindSled
(Inuit Windsled - Greenland Net,
2018).

Venturi - The Electric Polar Vehicle
The Venturi ‘Antarctica’ electric polar vehicle is designed for use
by the French Polar Institute to be used as a short distance travel
vehicle within 10km of a charging station. The vehicle can reach
speeds up to 45km/h and has adaptability through enabling the
use of tracks or wheels. The Venturi vehicle is easy to drive and
can function in temperatures as low as -70°C (Wysocky, 2015).
This vehicle was designed to enable collection of samples in
areas where combustion engines are banned and use of fuel may
compromise scientific data such as ice drilling (Wysocky, 2015).
Through careful vehicle design, each Venturi can accommodate 5
passengers, although the two-passenger vehicle weighs 2 tonnes
without adding the overhead cover to protect passengers.
Due to the high cost, heavy mass, and controlled conditions the
Venturi can be used, however it may not be plausible for an
Antarctic team to employ in their vehicle fleet. Although the
French Polar Institute will be implementing the vehicle in
Antarctica (Wysocky, 2015). The technology used in production
of this vehicle is a huge development in Antarctic field vehicles
and has potential to decrease the continents emissions.

Venturi electric polar vehicle image from Venturi sourced through (Wysocky,
2015)

MinION - Portable DNA Sequencer
These vehicles when paired alongside other eco-friendly technologies, such as the
minION can enable scientific development with a small footprint on the environment.
The ability for technology to enable the development of new scientific knowledge is
important in Antarctica where conditions can be limiting. The MinION is a handheld
DNA sequencer used without electricity or internet. It is able to store DNA sequences
on the device or be connected to a laptop for reading of the data (Pennisi, 2017). The
MinION provides large potential for field science due to the rapid production of results,
diagnosing the bacteria causing urinary tract infections in patients in less than 4 hours
(Pennisi, 2016). Although this has beneficial implications for the health and safety of
the field team there is also implications for the environment. This information may
impact the decision to plane evacuate which would use large amounts of fuel and
therefore add emissions which in some cases may not be necessary.
Another significant impact from using the minION is that researchers in the field would
be able to get almost real-time DNA results of organisms around them, preventing
cross-contamination by moving species as well as enabling further scientific decisions
in the field without returning to base (Cali, Kim, Ghose, Alkan & Mutlu, 2017; Pennisi,
2016). This shows the potential of where science could lead and on a low budget as
currently the minION is available in a starter kit costing $1000 (Pennisi, 2016). This
technology like other new technologies is still being developed to reduce errors which
currently occur 5-30% of the time (Hayden, 2015).
DNA sequencing using the MinION by Hayden (2015).

Section 5
Data Collection,
Transmission and
Communication

Data Collection, Transmission and
Communication
There is a trend in both science and technology towards
extensive networks of sensors that are able to continuously
monitor the world around us (Kitchin, 2014). This sensing can
often be achieved in real-time or near-real-time if desired,
including data transfer from Antarctica (Bracke, Gonsette,
Rasson, Poncelet, & Hendrickx, 2017). As the technology
develops it is becoming possible to monitor entire ecosystems,
populations, and physical processes (Hampton et al., 2013).
The movement towards extensive sensor networks for scientific
research and operations have already been identified as
opportunities in future technology in Antarctica and the
Southern Ocean (National Research Council, 2011).
A downside of such intensive data collection is that the
cyber-infrastructure and infrastructure available can become
limiting. The collection, transfer, storage and analysis of the
data needs to be considered carefully. Reliable, and ideally
constant network connections for transmission of data need to
be maintained.

It is possible for networks to transfer data despite disruptions
but this can come with a loss of the real-time interpretation of
the data (Gao, Yu, Luan, & Zhou, 2015). When it comes to
science communication the ability to interact ‘live’ via social
media and other platforms is often lost if a high-bandwidth
connection is not constant and maintained.
The technologies highlighted in this section have been selected
to demonstrate that it is possible to increase the efficiency of
data gathering and communication in the Antarctic while also
reducing the human impact on the continent.

Data Collection
The use of remote sensing technology in the Antarctic has
become much more important to allow for formation of
large-scale images of the polar region and the environmental
processes that occur there (Lazzara, Keller, Stearns, Thom, &
Weidner, 2003). As fuel use by bases for both power
generation and travel is the main source of carbon emissions
in Antarctic operations (Tin et al., 2013) opportunities to reduce
the use of fuel while still allowing for the gathering of data for
science should be explored. The use of Unmanned
Autonomous Vehicles and remote sensing presents such an
opportunity.

One of the benefits of this system is that it has been designed
to improve universality and extensibility, it is able to measure
multiple parameters at the same time, and has a general
design to allow for different sensors to be fitted (Li et al., 2016).
An argument for greater collaboration between nations is the
potential for standardisation of technology use, such as
network nodes, to allow for greater versatility and use by
different nations (Hart & Martinez, 2015).

Wireless Sensor-based Online Monitoring
Platform (WSOOP)
Modern techniques can help acquire environmental data such
as the freezing and melting of ice, surface temperature, which
can be used in the research of global climate change, Antarctic
ice sheet responses, and ice cap formation and evolution (Li et
al., 2016). The use of the WSOOP has shown promise for the
use of remote sensing stations in validation of environmental
data collected from satellites (Li et al., 2016).

Figure 5.0- Wireless Sensor-based Online Monitoring Platform (WSOOP) (Li et
al., 2016)

Unmanned Autonomous
Vehicles (UAVs)
Increasing the energy efficiency and range of UAVs could lessen the need to
have a physical human presence in the field, or at least lessen the need to move
around in the field (Bollard-Breen et al., 2015).
The use the “Polar Fox” (Figure 5.1) unmanned aerial vehicle was combined with
aerial imagery and GIS spatial mapping to identify and map the extent of
cyanobacterial mats in the McMurdo Dry Valleys while also detecting the
physical “footprint” of camping sites and walking trails to and from sites that are
several years old (Bollard-Breen et al., 2015). The “Jaguar” Autonomous
Underwater Vehicle (AUV) (Figure 5.2) shows potential for greater data collection
under the sea ice, with 100 kilometre transects being planned (Singh, Maksym,
Wilkinson & Williams, 2017). This is demonstrable use of UAVs as powerful tools
for both reducing the impact of human activity and the monitoring impacts of
human activity.
It is not unimaginable that the need for control of data collection and analysing of
data could be moved off Antarctica. Remote control could prompt a movement
towards more technician and support personnel and lessen the need for
scientists and data analysts in Antarctica. The downside of a reduced human
presence is that insights into the Antarctic environment that may be gained from
personal experiences in field by scientists, technicians, and other field personnel
are lost.

Figure 5.1 -Polar Fox Unmanned Aerial Vehicle (UAV) (Bollard-Breen et
al., 2015)

Figure 5.2- Jaguar - Autonomous
Underwater Vehicle J(AUV) (Singh et al.,
2017)

Data transmission
Internet of Things (IoT) and environmental sensing
The evolution of environmental sensing systems using internet connectivity to
communicate between each other and directly with the internet. The networks
can be arranged in a number of ways to facilitate internet connection (figure
5.3). IoT networks can facilitate interoperability and usability between sensors
and should also allow for far more adaptability than a usual sensor network
(Hart & Martinez, 2015).
The hardware that needs to be supported is energy intensive in comparison
to data loggers and wireless sensors. This allows for direct storage of data to
the cloud and potentially “real-time” processing and application of web-based
technologies (Hart & Martinez, 2015). The pairing networks of sensors with
intelligent software can allow for systems to ‘react’ to changes in what is
being monitored, such systems can include warning systems, power usage
and generation etc. Improving the efficiency of systems can lead to a
reduction in the carbon footprint and environmental footprint in Antarctica.
The Internet of Things is already in use in Antarctica. SigFox communications
company teamed up with Belgium’s Princess Elisabeth Research Station to
install a Low-Power Wide-Area Network with a radius of 40 km for staff safety
on the ice (‘How we helped scientists in Antarctica’, 2016).

Figure 5.3: Adapted from (Hart & Martinez, 2015)– The diagram shows different
families of Internet of Things systems. At the core there are higher connectivity
and power availability but these properties decrease toward the periphery.

Disruption Tolerant Networking
A data networking protocol that allows for transfer of data
across a network (between nodes) that are prone to
disruptions or delays between the nodes accessibility.
The data is moved using a “store and forward” approach
along the network as connectivity becomes available
(Gao et al., 2015). Ultimately this allows for more flexible
arrangement of networks, the type of flexibility that may
be useful within extreme environments.
‘ZebraNet’ tracked wildlife opportunistically using 'collars'
to route data to a single base station with intermittently
available internet
(Juang et al., 2002). Vehicular
Delay-Tolerant-Networking may present a more flexible
system that can be deployed within a range of
environments (Dias et al., 2009). DTN was recently used
to send a ‘selfie’ from a cellphone at McMurdo station to
the International Space Station (Oberhaus, 2017). DTN
is the technology that is intended to be used for
interplanetary communication to Mars (‘There Will Be
Netflix on Mars’, 2016) and shows promise for use in
communicating with autonomous vehicles and stations in
Antarctica.

A ‘selfie’ taken at McMurdo Station in Antarctica, made its way to the space station on Nov. 20
using Disruption Tolerant Networking (DTN). NASA engineers Mark Sinkiat, Peter Fetterer and
Salem El-nimri held up a picture of Vint Cerf, a distinguished visiting scientist at NASA’s Jet
Propulsion Laboratory who helped develop the technology.
Credits: NASA

Communicating Data
The use of social media to communicate the science and experience of conservation
has been identified as a pivotal dimension for digital conservation (Arts, van der Wal,
& Adams, 2015). ‘Digital conservation’ is an umbrella term for the use of digital
technology in nature conservation. Social media allows for the transfer of
experiences, images and videos often in a spectacular manner but this can bring with
it a risk of obscuring the scientific and conservation purposes the media is generated
to promote (Verma, van der Wal, & Fischer, 2015).
The Cyberforest live sound system has been described as an inspiring example of
digital conservation (Saito et al., 2015; van der Wal & Arts, 2015). Sound recordings
streamed live from remote and inaccessible areas of Japan were used to monitor
birds and in combination with the social media platform Twitter, were used to facilitate
public and expert participation (Saito et al., 2015). It is not difficult to imagine that live
360 degree video and sound of an Adélie penguin colony would be a fantastic
experience to use for public engagement.

https://technology.ie/big-data-looks-like/ provided the image

In the context of Antarctica, the use of ‘live streaming’ via social media is limited by the availability of high-bandwidth internet. As
high-bandwidth internet is not readily available, or often not at all, the use of innovative public engagement methods via live social media
are not possible. If the National Antarctic Programs intend to continue to develop public engagement and science outreach the
infrastructure required to supply high-bandwidth internet will need to be invested in to allow for live streaming from Antarctica. The manner
in which public engagement is being carried out is changing with the use of digital technology (O’Doherty & Einsiedel, 2013) and so the
National Antarctic Programs should take advantage of such innovations rather than be left behind.

Conclusion

International Collaboration
This report has shown the possibilities and potential of
new technology to reduce the human impact and carbon
footprint of NAP.
The barriers mentioned in section 1 included cost,
isolation and environmental factors. Cost is an
unavoidable result of operating in the most remote place
in the world. The obvious answer would be to increase
funding for NAP considering the importance of the
science conducted in Antarctica. Unfortunately,
increasing funding is not feasible in the current political
climate where science funding is currently being cut
(Wadman, 2013). New thinking may be required to find
alternative solutions to the funding problem. A benefit of
some of the technologies looked at in the report is that
they can reduce costs. Globally renewable energy is
becoming more accessible as the cost of production
goes down.

Fuel is a substantial cost for NAPs and running bases off
renewable energy can help with that. Currently waste is
being transported back to their respective countries for
processing, the ability to process waste on-site can
reduce emissions from transportation, the physical
impact of waste and provide a potential energy source. It
is also possible to cut costs in field science through
changing current systems.
Increased collaboration also has the potential to reduce
the barriers as the cost can be shared across multiple
programs, the isolation and remoteness can be
overcome by pulling together respective nations
capabilities. Similarly, joint use of infrastructure would
enable some of these technologies to be easily
implemented.

There are some examples of nations working together including
the jointly operated Concordia Research Station run by the
Italians and French; The South African program promote their
facilities at the SANAE IV station and encourage fellow
scientists to make use of their facilities, however, these are the
exception (ASOC, 2006; Sánchez and Birgit, 2013). The
opportunity to truly share stations would have multiple benefits
for the NAPs including: shared costs, reducing the human
impact, reducing carbon emissions and increasing the
resources for science (ASOC 2004; ASOC, 2006). Additionally,
increased cooperation and share stations would fulfill the
cooperation principles of the treaty and has the potential to
inspire more cooperation (ASOC, 2006; Tin et al., 2013;
Kennicutt et al., 2015).
The International Geophysical Year which prompted the
Antarctic Treaty and the spirit of cooperation and peace
showed the amazing heights that can be reached if
international collaboration is fully realized (Summerhayes,
2008). In the age of new technology, we believe it is time to
revisit the spirit of international collaboration and move towards
a cleaner, more collaborative and forward focussed based
Antarctic future.

http://www.antarctica.gov.au
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Appendix 1:
Modification on Table in Tarasenko, S (2009), Wastewater treatment in Antarctica, (p21-28),
retrieved from: https://ir.canterbury.ac.nz/handle/10092/14196 (2018, January 9th)
Name of Station

Country

Method of Treatment

Description of Technology

Bellinghausen

Russia

Biological and
UV-Sterilization

The wastewater treatment plant EOS‐15 was used at the
station. A new biological plant “Astra‐20” and a
UV‐steriliser for the station are under construction (in
2009/2010 season).

Davis

Australian

Mechanical and Biological

All human waste and waste water from the new station
complex passes through the Waste Treatment Building,
where it receives primary and secondary treatment in a
two‐stage rotating biological contactor (RBC) before
discharge of the effluent through an outfall into the sea

Great Wall

China

Biological

The station’s sewage and grey water are processed
through a biological treatment plant. Sludge from the
treatment plant is incinerated and the water is discharged
untreated into the tidal basin

Jubany

Argentina

Biological and
UV-Sterilisation

Grey and black waters are treated in biological treatment plant; effluent is treated
with ultraviolet sterilization before release into the sea. Sludge is dehydrated and
then removed from Antarctica. The sewage treatment plant is an AQUAMAR System
(Germany)

Maitri

India

Mechanical and Biological

The station is equipped with incinerator toilet facilities. Two modules (four toilets) are
located in the summer station area, and five single modules are located in the main
station building. The incineration temperature is 600°C. Solid human waste is
incinerated once a day. The ashes are collected in drums and transported out of the
Antarctic Treaty area once a year.
The grey water is fed into a rotational biological contractor. The treatment involves
three stages: a primary settling basin, followed by a bio‐digester and a final
settlement basin. The settled waste material is incinerated.

McMurdo

USA

Mechanical and Biological
and Disinfection

The Wastewater Treatment Plant uses conventional methods of solids removal
(clarification) and microbial digestion. The system is capable of treating 495,900 litres
per day of domestic wastewater. The four major treatment components are an anoxic
zone, an aerobic zone, clarification, and disinfection. These four components
comprise a single treatment train at the plant.

Neumayer

Germany

Biological and
UV-Sterilisation

During the season 1995/96 a sewage treatment plant was installed at Neumayer Station.
This plant was designed in a way that it only requires electric energy and heat energy of
the station to be able to clarify the waste water. The entire system of waste water and
sludge treatment is installed in a 20 ft container. The waste heat of the diesel generators is
used to keep the container at a temperature of +15°C and to dry the sludge. The sewage
is collected in a level regulated tank.
rom that tank water is turned out by a screw‐spindle pump through a pipe to the sewage
treatment plant over a distance of about 60 m. There the sewage is purified in a biological
process. Then the clarified water is sterilized by UV‐rays and pumped through a pipe to
the dump in the shelf ice which is located approximately 100 m away from the station.

Rothera

Britain

Biological and
UV-Sterilisation

Untreated sewage has been released into the sea since the base opened in 1976. In
February 2003 a submerged aerated biological filter sewage treatment plant (Hodge
Separators Ltd) was commissioned at Rothera. The produced sludge is pressed,
dewatered and bagged for shipment to UK for disposal. The effluent water is treated under
ultraviolet light and discharged into the bay

Scott Base

New
Zealand

Biological

A wastewater treatment plant for Scott Base has been installed and became operational in
October 2002. The plant uses contact aeration process. The wastewater is treated in a
chamber containing plastic mesh on which grows a bacterial biofilm. Aeration is provided
by air blown into the bottom of the chamber through fine holes. Waste solids are settled
out as sludge and dewatered for disposal. Disinfection is provided by ultraviolet light

Appendix 2:
Poll from PCAS presentation showing what developments Antarctic researchers, managers and
academics would like to see in place in Antarctica

