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1. Introduction 
 

With the Antarctic Treaty implemented in 1959 human impact to Antarctica is partly regulated. 

Antarctica is our Earth last almost pristine continent. In the first years the main focus was laying 

on the fields of science and freedom, but environmental protection aspects came to an equal 

level of interest over time. Not least this fact is shown by the implementation of the additional 

conventions to the Treaty and the Madrid Protocol, which came into force in 1998 (Anon, 

1998b). With Annex III to the Madrid Protocol of ‘Waste Disposal and Waste Management’ a 

major field of human impact is covered. Every human activity which includes use of resources in 

one way or the other creates waste, especially long-term activities. Science and presence of 

humans in Antarctica are therefore responsible for waste creation in the pristine ecosystem. 

 

Annex III of the Madrid Protocol provides in general that waste must be removed from Antarctica 

and carried back to the home countries of the responsible parties to the Antarctic Treaty (Anon, 

1998a). Further it is mentioned that waste disposal on land (landfill) or sea ice (when broke up 

waste is drifting away) is prohibited, as well as open fires to burn waste (Anon, 1998a). All those 

points are contributed to the protection of the ecosystem and to avoid harmful impacts of emis-

sions.  

 

The Protocol does not regulate the point what will happen with the waste when it is back in the 

home countries. Therefore waste can be treated in a way of best state of the arts from a waste 

management point of view (e.g. recycling, secured dumping…) or in one where there is a risk 

that the waste influences the ecosystems of the home countries. Best state of the art techniques 

in waste treatment and management are not applied in every country. The monetary factor is 

crucial in this case, because new techniques are often expensive in implementation and applica-

tion. That is so although it reduces the possibilities of harmful impacts of the waste and hence 

that safes costs of negative results in the future.  

 

At Scott Base the current waste management applies waste collection, separation and partly 

pre-treatment (e.g. glass, cardboard). The whole amount of waste (excluding waste water) is 

carried back to New Zealand by ship at one time per year. There, in Christchurch, the waste will 

partly further treated and leaded to recycling and landfill. Because of that waste management 

there are two risks to nature. Every weight what is carried to NZ needs fuel and creates emis-

sions (e.g. CO2), and because a certain amount of waste goes to landfill there are risks of pollu-

tion of ecosystems in NZ. Therefore it is advisable to assess the possibility of alternative waste 

treatments, directly at Scott Base. In the case of this assessment it will be investigated how an 

incinerator at Scott Base would change the situation. What are the advantages and disad-

vantages with a focus on the three sectors of economy, ecology and social aspects? It must be 

considered that there was a small time frame of just a couple of weeks. That limited the chance 

to get final information from industry, because it needs time to design the best adjusted facility. 
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2. Approach 
 

Processes of incineration are improved to a level where benefits of the thermal treatment exceed 

harmful impacts to nature. In the last decade incinerators were developed to run with processes 

which treat waste to gain the energy content and usable compounds. At the same time flue gas-

ses and ash are treated to create a minimum outcome, which is not further recyclable. Hence 

the advantage of incineration compare to landfill is that the waste is reduced to a much smaller 

amount and can dump without a big impact to the environment and a lower risk of impacts to it. 

Furthermore, because waste is a resource incineration gives the possibility to protect materials 

and reduce the need for exploitation. Compare to recycling incineration has the advantage that 

more waste groups can be efficiently treated. That considers the fact that waste is not every time 

homogeneous and often mixed and polluted with different material. The problem is that the dif-

ferent material cannot be separated efficiently. Thus such inhomogeneous waste is either not or 

just with expensive processes recyclable. The input energy and other resources to those pro-

cesses are from an environmental point of view not justifiable, because the negative impact to 

nature is too big. Incineration can gain at least the included energy of the waste which protects 

the resources. Those facts indicate that different waste treatments must be considered for differ-

ent cases of waste, if environmental protection is the overall goal. Carrying waste away from 

Antarctica can lead to shift the problem instead to solve it. 

 

Waste management in Antarctica itself is at several points limited. Indeed the collection and 

separation of waste are not influenced, because the needed facilities and organization structure 

as well as the education of staff and visitors can be applied sufficiently and efficiently (e.g. waste 

management of Antarctica New Zealand). However treatment needs special infrastructure which 

is limited. Consideration of recycling of certain material like glass or paper needs special facto-

ries. Those kinds of facilities are just cost-effective and meaningful in greater settlements, re-

spectively with a larger amount of material. Because landfill is prohibited and would harm the 

ecosystem (even the best state of the art technique would be applied in Antarctica) incineration 

respectively thermal treatment of waste is an alternative to treat the waste at the continent. 

 

Incineration is applied in Antarctica since several decades at different stations. At Scott Base 

there was an incinerator installed. Currently incinerators are in service at an Italian and the Aus-

tralian stations, at least. A major problem with burning waste is the creation of flue gasses which 

includes different harmful emissions, depend on the burned waste. If those flue gasses are not 

treated after the burning the included emissions can pollute the Antarctic ecosystem in an irre-

versible way. We will come back to that point. Prior that it must be considered to think about that 

incineration provides some advantages up to that point. The amount of waste is reduced and it is 

not necessary to carry it back, that amount of weight. Hence fuel for transport is saved and 

therefore costs too. Furthermore if energy is recovered from the process it reduces the produc-

tion of it with other processes (e.g. burning of oil). Modern technology provides nowadays the 

possibility to treat the flue gasses to such a level that it is not harmful for nature or humans. E.g. 

in Germany and Austria incinerators are in service close to human settlements and even in cit-

ies. Those facilities are designed to treat huge amounts of waste compare to the emergence at 

Antarctic stations. However, there are incinerators at the market which are designed for small 

waste amounts and are working with similar results.  
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The special situation of an Antarctic station (small population, small amount of waste, surround-

ed by a sensible ecosystem) makes it necessary to consider similar cases of waste manage-

ment / -treatment, rather than ones of big settlements (dense populated regions and cities). 

Cruise ships are operating under such similar conditions. Small cruise ships have a capacity of 

around 300-500 people on board (passenger and crew) and must be meet the MARPOL Con-

vention (International Convention for the Prevention of Pollution from Ships). MARPOL Conven-

tion prohibits any dispose of plastic and regulates the dispose of other garbage to the sea (Anon, 

n.d.-c). Waste must be disposed on land or treated onboard. Due to that fact cruise ships (espe-

cially new buildings) are equipped with modern / state of the art waste treatment facilities. 

Thereby incinerators are a crucial part, because space on board of a cruise ship is very limited 

and there is hardly any storage capacity. Because of that Antarctic stations can be compared 

with cruise ships in our case.  

 

The first contact to reach that point was with the ship yard company Meyer Werft GmbH & Co. 

KG (one of the biggest cruise ship yards in the world). From there two contacts of component 

suppliers for waste treatment systems were provided: Deerberg System (Oldenburg, Germany) 

and Scanship AS (Lysaker, Norway). Both companies equipped more than two hundred cruise 

ships with their facilities (Anon, n.d.-b, n.d.-d). The contact to those experts was necessary to 

get qualified information about the possibilities for Scott Base. Waste management must consid-

er every time the conditions of the specific case. Therefore it is hardly possible and not sufficient 

to make general assessments. Waste contents of different groups with different amounts and 

every system provides a different frame for it. That means for Scott Base that is important to 

know what kind of waste is created, what can be burned and what must be considered to install 

an incinerator. As an example could be mention that a certain material in the waste needs a pre-

treatment process before it can be treated by an incinerator (food waste, due to the high content 

of moisture). Depends on the different processes just the supplier is able to design the best 

treatment facility. Nevertheless the results should be assessed by an independent expert. 

 

The waste data from Antarctica New Zealand of the last four seasons were considered to pro-

vide Deerberg and Scanship sufficient data and information. Those data were separated by 

waste groups of burnable and non-burnable waste and computed with a calculation program to 

get an overview about the total, average and partial values. The results for Scott Base are 

shown in Annex I. Figure 1 and figure 2 shown the order of flammable waste groups. Those re-

sults were reported to Deerberg and Scanship. After a first feedback from Deerberg including the 

need for more detailed information about the waste groups content and waste management at 

Scott Base those additional information were reported to both companies too (figure 3). The 

questions were answered directly by Scott Base staff of the current season via e-mail and after 

guided tours by those at Scott Base. 

 



Assessment of possible incinerator application at Scott Base 

B.Sc. Marcus Curie Seite 5 

 
Figure 1: Flammable Waste of the last four Seasons of Scott Base in kgs/a 

 

 
Figure 2: Flammable Waste of the last four Season of Scott Base in percentage per year 
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Figure 3: Answered question of the first feedback from Deerberg Systems 

 

After the first contacts with further experts of waste management and waste treatment it was 

clear that the amount of waste at Scott Base could be too small to have a profitable result if the 

current waste management will be changed and an incinerator will be used (Lindenau, 2014; 

Scheffold, 2014). With other words the costs to install an incinerator facility would not cover the 

saved costs for the reduced fuel consumption if the waste is not carried back to NZ. Due to this 

reason a second step was considered in the assessment. This includes the fact that Scott Base 

and the American station McMurdo shares such a facility. The advantage is that McMurdo sta-

tion is much bigger and hence produces multiple times more waste. In turn the reduction of car-

ried waste would be higher, the saved fuel costs too and therefore the facility could works profit-

able after certain years. The data and information of USAP were collected and computed (United 

States Antarctica Program) in the same way like the ones of Antarctica New Zealand. To reduce 

the workload for the first query for Deerberg and Scanship (because their help and information 

would not be charged) those data should just inquire after the results of scenario 1 (Scott Base 

alone). Scenario 2 is therefore the waste of McMurdo Station and scenario 3 covers the shared 

facility of both stations. Annex II shows the minimum burnable waste of McMurdo Station. Addi-

tional amounts of the other groups are missing, due to the fact that the percentage of burnable 

waste was unclear until that point. It was tried to get answers for the questions of the Scott Base 

waste groups, but adjusted to the McMurdo case. In the meanwhile the answers are there, but 

without assumed numbers. Thus own assumptions were made. Figure 4 and figure 5 shown the 

order of flammable waste groups of McMurdo Station.  
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Figure 4: Average Flammable Waste of the last four Seasons from McMurdo Station in kgs/a 

 

 
Figure 5: Average Flammable Waste of the last four Seasons from McMurdo Station in percentage per year 
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Summary of burnable waste of all three sce-
narios 

Scenario 
min Waste 

kgs 
max. approx. Waste 

kgs 

1 (SB) 18.160 38.262 

2 (MCM) 503.008 1.053.000 

3 (total) 521.168 1.091.262 
Figure 6: Scenario 3 - Computed and assumed burnable waste of Scott Base and McMurdo Station 

 

In figure 6 is shown the total amounts of burnable waste for all three scenarios. The minimum 

waste (blue column) is computed from the available information and data. In the green column 

we can see the maximum waste which could be burned (approximated) if it is possible to include 

waste which needs either pre-treatment (drying) or a special process of thermal treatment (this 

material must be burned with specific temperature or the flue gasses must be treated in a spe-

cial way to avoid the creation of harmful substances like dioxin). Plasma gasification could pro-

vide a possibility for such a scenario. We will come back later to that point. 

 

In a final step it should be considered how much waste could be burned with an efficient process 

and how much fuel could be saved due to this. Furthermore the reduction of environmental pol-

lution should be considered. That includes reduction of CO2-emissions (<burned marine diesel) 

and risks of pollution from landfill leakage (<waste to landfill). To reach that goal fuel savings 

and tCO2e were computed by Antarctica New Zealand and Enviro Mark Solution. Additionally 

specific papers where landfill leakages are considered were investigated. 

3. Results and Assessment 

3.1. Emission Reduction 

Enviro Mark Solution computed some data of tCO2e and it was possible to assume fuel savings 

in liter of marine diesel by Antarctica New Zealand. Those data are not sufficient enough to 

make any calculations how big the reduction will be on emissions or the savings of costs. For 

such a calculation more time is needed because a lot of information are currently unknown (e.g. 

what is the price of one liter marine diesel; will the costs for the used cargo shipped be reduced 

if less marine diesel is used; how can we calculate an average saving per kgs of waste…).  

 

The investigated papers indicate that incineration is from an environmental point of view better 

than disposal of waste to landfill. That is the fact because the waste is treated and the risks for 

leakage to the ecosystems (soil, groundwater, air) over hundreds and thousands of years are 

minimized. Just the ash must be dumped. If energy is recovered from the thermal treatment in 

the incinerator the results are even better. (Cherubini, Bargigli, & Ulgiati, 2008; Marchettini, 

Ridolfi, & Rustici, 2006; Powell & Brisson, n.d.; Rabl, Spadaro, & Zoughaib, 2008)  

 

In general there is a reduction of fuel, because less weight is transported and hence less CO2 

will be emitted. Also the waste disposed to landfill is decreased and therefore the risks. A specif-
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ic assessment is currently impossible because further information about cost of fuel are currently 

not available. Furthermore the assessment paper about landfill and other treatment / dispose 

options do not consider the special facility where the waste from Scott Base is disposed (Kate 

Valley landfill). Therefore it is unknown if Kate Valley is at the same technical level designed as 

those landfills assessed in the papers, and hence the risks of possible leakage are not assessa-

ble. Further investigation at Kate Valley landfill is needed to consider the risks of landfill to the 

New Zealand ecosystems. 

 

3.2. Deerberg Systems 

Deerberg Systems provides for scenario 1 an incinerator system which is based on the princi-

ples of incineration and storage. It includes a 100 kW incinerator and allows to burn 20kgs waste 

per hour. Deerberg just considered waste where a need to run the incinerator 1.5h per day is 

and excluded the groups of ‘Food Waste’ (pre-drying needs too much energy), ‘Human Solid 

Waste’ (pre-drying needs too much energy), ‘Construction Waste’ (need of special burn process 

to avoid harmful emissions) and ‘Waste Oil/Hazardous Substances’ (need of special burn pro-

cess to avoid harmful emissions). The waste will be burned in the process of 100%, flue gasses 

will be post burned to avoid and reduce harmful emissions and the material will be reduced to 

ash of an amount of 5% total. (Anon, 2015; Kirsch, 2015a) 

 

Energy is not recovered because this is inefficient with that small amount of waste (Kirsch, 

2015c).  

 

Mr. Kirsch mentioned further concern about qualified staff at Scott Base. That point could be 

handled by Antarctica New Zealand if there is a lack.  

 

‘Construction Waste’ can definitely be burned, because there is almost no hazardous material 

included (mostly wood). That increases the amount of burnable waste up to 18 tons per years. 

The facility should be changed for that purpose just at the storage capacity. The incinerator can 

treat more waste as currently considered (20 kg/h multiplied by 24 h multiplied by 365 days di-

vided by 1000 = 175.2 tons per year) which provides the option to increase the amount without 

the need for a bigger incinerator. (Kirsch, 2015c)  

 

The price for the suggested system is around 580.000 - 630.000 € including the transport of the 

equipment from Germany to New Zealand and the commissioning works. Not included are  

 

- transport of the equipment from New Zealand to Scott Base (unknown) 

- travel costs for the commissioning engineers from New Zealand to Scott Base (unknown) 

- installation of the equipment 

(Kirsch, 2015b) 

 

Deerberg provides additionally solution for pre-treatment of non-burnable material, which is cov-

ered in the data table. That includes compacting of metal and crushing of glass. (Kirsch, 2015a) 
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In Annex III a 3D-picture shows the arrangement of the facility. The technical specification from 

Deerberg, including every detail with description of the process is attached as a separate pdf-

file. 

 

Scenario 2 and 3 is inquired. Unfortunately there was not enough time so far to design those 

ones. 

 

Deerberg provides a detailed and well descripted technical specification. The suggested treat-

ment system and incinerator considers the specific case of Scott Base and provides the possibil-

ity to treat unproblematic waste groups which covers almost 50% of the total waste amount. Ad-

ditional treatment is not practicable in an efficient way, because additional treatment processes 

are needed which are not justifiable from an economy point of view. That is mainly related to the 

small amount of waste. 

 

With the provided information by Deerberg further planning is possible to consider installation 

and integration at Scott Base and to its systems.  

 

3.3. Scanship AS 

Scanship provided a solution with its smallest incinerator. This incinerator has a thermal capacity 

of 600 kW (Annex IV) (Anon, 2010). Further details to assess the treatment process are not 

mentioned or explained. The considered amount of burnable waste of Scott Base is furthermore 

hardly reproducible. 90-100 kg/d (Wien, 2015) considers the calculated average burnable waste 

(104.83 kg/day), but it is unknown why there is a range taken and this does not cover the right 

amount. Any detailed explanation is missed (Wien, 2015). 

 

An additional suggestion is the hint to the food waste digester. This facility produces nutrient rich 

water and needs probably less energy (Wien, 2014). The information provided by the small cata-

log of the digester let assume that could be an efficient option to treat food waste at Scott Base. 

A more detailed assessment is not possible, but advised for further investigation to improve 

waste treatment at Scott Base.  

 

In general the information provided by Scanship AS are very insufficient. The missed providing 

of any costs of the systems does not allow any assessment compare to the current waste man-

agement. Furthermore it cannot assess for future planning how the system could be integrated 

to Scott Base systems and how the process works in detail. It is unknown how ‘good’ and envi-

ronmental friendly the system works. Therefore it cannot assess if the applied technology is 

state of the art should be considered for further planning from an environmental point of view.  

 

With the provided information by Scanship further planning is impossible.  

 

4. Final Assessment and Next Steps 
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The collected information (especially from Deerberg Systems) shows that thermal waste treat-

ment at Scott Base can reduce environmental pollution. However, from an economic point of 

view it is not profitable to install such a facility, due to the small amount of waste. Would that 

amount increased multiple times the costs would be recovered and energy recovery from the 

incinerator could be applied too in a profitable way (Kirsch, 2015c). Until now it is also unlikely 

that if environmental protection and social aspect are considered the installation of an incinerator 

at Scott Base is meaningful. Besides money it needs a certain amount of resources to realize 

that project. Indeed there are no information known to assess that case, but it is unlikely that the 

spend resources will compensate the saved ones. 

 

At the moment there are strong evidences that an incinerator for scenario 2 and 3 would reach a 

profitable outcome at an economic level and would make sense from an environmental and so-

cial aspects point of view. The minimum treated waste of Scott Base and McMurdo Station 

would be almost 30 times higher as for Scott Bas alone. Therefore it is likely possible to run the 

incinerator 24-7 and recover the energy. That would provide additional savings of fuel. To as-

sess that it is necessary to get information and suggestions for facilities for that scenario, as well 

as any for the costs. Because of those facts it is suggested to investigate scenario 3 – a shared 

thermal treatment facility of Scott Base and McMurdo Station – more in detail. 

 

For every scenario it is crucial to investigate the saved costs of the reduction transported cargo, 

disposed and treated waste and reduced emissions. This is important for all three sectors. 

 

Thermal treatment of waste is not only possible by incineration. Plasma gasification is another 

process. This provides the possibility to treat the waste without flue gasses, what reduces emis-

sions to air to a minimum (Kaldas et al., 2006). Furthermore the state of the art process could 

provide the possibility to treat much more waste groups without harmful impacts to the environ-

ment (Anon, n.d.-e) and a higher profit due to saving of more costs (Anon, n.d.-a), even such a 

system could be quite expensive (Good, Antaya, Chapman, Morehouse, & Taylor-Roth, n.d.). 

This option indicate that if there is a serious interest to investigate the possibility to change 

waste management at Scott Base (Ross Island), to provide benefits for the economy, ecology 

and social sector, other treatment options which are state of the art should be considered.  
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Annex 
 

Annex I: Computed waste data of Scott Base 
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Annex II: Computed waste data of McMurdo Station 
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Annex III: 3D-picture of incinerator system from Deerberg Systems 
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Annex IV: Incinerator SEC 600 (Scanship Sustainable Solutions) 

 
 


