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Abstract A good water supply and wastewater management
is essential for a local sustainable community development.
This is emphasized in the new global goals of the UN
Sustainable Development, where the sixth objective is to:
BEnsure availability and sustainable management of water
and sanitation for all^ (United Nations 2015). This obviously
raises the question of how this can be achieved considering the
very different conditions and cultures around the globe. This
article presents the Greenlandic context and elucidates the
current Greenland water supply system and wastewater man-
agement system from a socio-technical approach, focusing on
the geographic, climatic and cultural challenges. The article
identifies a diverse set of system constellations in different
parts of Greenland and concludes with a discussion of health
and quality of life implications.
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Introduction

Access to clean fresh water is a prerequisite for an acceptable
life and is therefore included in the United Nations’ 6th sus-
tainability requirement: 6.1 BBy 2030, achieve universal and
equitable access to safe and affordable drinking water for all.^
(United Nations 2015). This should apply both to public hy-
giene and health and to the development of individual and
societal livelihoods.

The challenges of working with the supply structure in
Greenland are considerable. The special contextual conditions
such as the extreme and changing climate conditions, the di-
verse settlements in the huge and disparate geography and the
on-going encounter between indigenous and modern cultures
and practices challenge system building and operation. Island
operation is a special feature that challenges the technical fea-
tures of water supply and sanitation and creates a strong de-
pendency on the systems in relation to local sustainable devel-
opment. Island operations in Greenland are based on the fact
that with very few exceptions, there are no roads between
settlements in Greenland, which means that the transport in-
frastructure includes only ships, planes and helicopters. In this
way, it is not possible to commute between various settlements
on a daily basis and all settlements have to have its own power
supply, water supply and waste handling. Furthermore, all set-
tlements are dependent on their own social infrastructure such
as a shop, school, church and healthcare (Hendriksen 2013).
The island operation naturally creates great challenges in order
to supply services to the citizens and business activities. The
services are thus practiced and scaled in many different ways,
e.g. while most cities have a small hospital with at least some
nurses and periodically a medic, most smaller settlements have
a nurse or a so-called health worker (with a 22-week educa-
tion) and a tele-medical station online with a regional hospital
(Naalakkersuisut / Government of Greenland 2017).
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In view of the complicated climatic conditions in
Greenland and the challenges of the many isolated societies,
since the SecondWorldWar, there has beenmade great efforts
to ensure water supply to the population of Greenland. As part
of this modernisation of Greenland, in larger towns and in
some villages, there has been developed everyday practices
that include showers, washing machines, dishwashers and
cleaning with an associated water use which is similar to other
Western countries. However, as with other infrastructures,
there are significant geographical differences that create very
different conditions for the population.

Thus, it is a key question if it is possible and desirable that
the same system is extended to all of Greenland, and the article
explores the differences existing system constellations to con-
clude on the hygiene and health implications.

The analysis is based on a mix of historical data, policy
documents, statistics and qualitative case studies. During the
last 20 years, Kåre Hendriksen has visited 90% of all
Greenlandic settlements to explore the conditions for local
sustainable development (Hendriksen 2013). This includes
local citizens showing and explaining their practices and ex-
periences with the local infrastructures and conditions for
making a living. Among other studies, the authors in 2014
and 2015 conducted three extensive one month long study
trips to Qaanaaq and Qeqertarsuaq to study how the local
infrastructure supply and operation can be developed to sup-
port local sustainable development. Finally, data have been
collected in relation to teaching at the Arctic Engineering
Programme about arctic infrastructure, environment and plan-
ning since the programme was established in 2001.

This article analyses the development of the water system as
a socio-technical system where technical elements are devel-
oped in cooperationwith institutional and professional practices,
as well as cultural norms and everyday life. Hence, the systems
must be understood as interwoven with the development of
society (Hughes 1987; Lindegaard 2001a; Shove 2003).

In the second section, the existingwater supply is described
with the different contextual system configurations found in
Greenland, first for households and then for private and public
companies. In the third section, the wastewater management is
described, focusing on the areas that today have a system with
dry closets. Finally, the fourth section discusses the health
consequences, and in the fifth section, the article concludes
on how the system can be developed in relation to achieving
the UN sustainability goals.

The Greenlandic context

With its 2,146,000 km2 and a length of 2.670 km, Greenland is
the largest island in the world. The length of Greenland equals
the distance from the central southern part of Norway to
Gibraltar in southern Spain, and in area, Greenland would
cover most of central Europe. See Fig. 1.

The Greenlandic ice cap and smaller glaciers cover 88% of
the island, and by far, the largest amount of the ice-free area
along the coasts are alpine mountains. Generally, it is estimat-
ed that less than 3% of the island is fit for human habitation.

The Polar Stream, which runs south along the east coast,
transports enormous amounts of sea ice from the North Pole as
well as Greenlandic icebergs along the east coast and around
the most southern point of Greenland, Cape Farewell. This
means that it is only possible to sail along the east coast in
shorter periods, in the late summer and fall, and that South
Greenland periodically is closed in behind the sea ice.

Along the southern part of the west coast, the sea is ice-free
the entire year, but further north, the sea is closed for sailing
during the winter, because of the sea ice. The most northern
region, Qaanaaq can only be navigated in July and August.

Only 56,000 people live on this enormous island, and
thereby Greenland is one of the most sparsely populated areas
in the world. The majority of the population are descendants
from the Inuit, who through the last millennium gradually
emigrated from Canada. The last app. 15% primarily comes
from outside of Greenland, mainly Denmark in order to work
in Greenland for a shorter or longer period of time since
Greenland is still very dependent on skilled labour from the
outside.

Greenland was a Danish colony until 1953, when
Greenland was declared a county and thus formally became
an equal part of Denmark. In 1979, Greenland gained home
rule, and in 2009, this was extended to the self-rule. Greenland
is, however, still a part of the Danish realm (the Kingdom of
Denmark), and Denmark is still funding half of Greenland’s
public spending and thereby contributes almost a third of
Greenland’s disposable gross national income.

The population has always been dependent on the living
resources from the sea and therefore primarily is spread along
the west coast. While the Inuit originally lived as nomads, the
colonial history gradually led to more permanent settlements.
During the last century, the number of settled location has
decreased and today, there are 73 settlements in Greenland,
reaching from 20 inhabitants to 17,000 inhabitants in the cap-
ital Nuuk.

Greenland has a historical administrative division of the
country’s settlements with 17 towns and 56 villages that are
not necessarily related to the settlement’s size. For example,
the largest village has about 460 inhabitants, while the
smallest town has only 380 inhabitants. About 13% of its
population lives in the 56 small villages. Apart from just under
40 sheep farmers in South Greenland, no one in Greenland
lives outside of either a city or village (Statistic Greenland
2016). In addition, there are a handful of meteorological, mil-
itary or research stations which are only inhabited by the sta-
tions’ temporary staff. Finally, the USA still has a military
base, Thule Air Base, (Pituffik) in the Northern Greenland.
The establishment of this in agreement with the Danish
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Government in 1953 led to the forceful transfer of the original
settlement to the current Qaanaaq.

In the article, the administrative Greenlandic distinction
between ‘town’ (by) and ‘village’ (bygd) is applied. To allow
for a comparison with other Arctic areas, a definition from the
US Census of Urban Clusters (UCs) is used: at least 2500 and
less than 50,000 people (US Census http://www.census.gov/
geo/reference/ua/urban-rural-2010.html). In Greenland, there
are six towns with more than 2500 inhabitants, while the other
11 towns by this definition will fall under the category
settlement (village).

Water supply systems

The water supply system was developed in Greenland since
WW2 with a corresponding development of professional
practices. Even though the developed solutions were adapted
to the local conditions, the system was directly based on
European technological solutions and standards, with a strong
focus on ensuring a hygienic water quality (Lindegaard
2001a, b).

Greenland national energy and water company,
‘Nukissiorfiit’, is responsible for power and water supply to
both households and public and private companies in all the
towns and villages. In spite of the great distances and geo-
graphical conditions, which do not allow for the establishment
of a coherent electricity network, 60% of Greenland’s con-
sumption of electricity today is produced as renewable energy
from hydropower plants, covering consumption in five of the
country’s major towns, while the remaining settlements each
have their own electricity supply based on diesel generators
(Nukissiorfiit 2017). A future development of small scale wa-
ter power plants is an example of how innovative infrastruc-
ture technology will make the island operation more flexible
and sustainable.

Hence, even though there are large variations in household
supply systems, the system is built on a public supply thinking
so that extraction, transport, cleaning and setting up of pipes
and taps is planned, maintained and controlled by
Nukissiorfiit. This is done through centralized expertise of
engineers and plumbing specialists located in the largest cities
as well as through locally hired personnel who have some
training in the running and maintenance of the installations.

System constellations for households

Where energy supply historically was expanded through external
supply of fossil fuels stored in large tanks, the water supply in the
Greenlandic island operation society has been based on local

resources. Local water resources have not been a factor for the
historical location of settlements and therefore there are large
differences in relation to the settlements access to water resources.

The Greenlandic towns are almost all founded in connec-
tion with the Danish colonial rule from 1721. Most often, the
criteria for the localization of Greenlandic towns were a safe
natural harbour for sailing ships, while the settlements were
commonly placed near good hunting grounds. When these
settlements were built, the settlements’ population were much
smaller than today. Furthermore, the water consumption was
much smaller, primarily for drinking and cooking, and with
substantially different practices for cleaning and personal hy-
giene. Similarly, the consumption of water for the processing
of food etc. was limited as it was generally accepted to flush
catch and fish in sea water—even if it were to be exported. So,
local freshwater resources were not a decisive parameter for
the settlement location, and a small river or lake was consid-
ered sufficient. Some settlements were built on islands with no
real water resources, where the water supply was ensured by
collecting and melting the ice floes that washed up on the
beach with the tide.

Hence, while the power system was developed using sim-
ilar technology in most settlements, the reliance on local re-
sources has made the construction of the water system more
complicated. Not only because water resources in some places
are limited, but also because the piping everywhere has to be
kept frost-free with electric heating cables. Therefore, a vari-
ety of system configurations have been developed. Here, we
present the three typical supply constellations for households
in Greenland:

& Piped water.
& Tank water where a tanker truck brings water to the indi-

vidual household water tank. Nukissiorfiit does not pro-
vide water directly in this way, and this is thus a private-
based system correction in the sense that the individual
household establishes a water tank and pays a fee to get
a private contractor to provide water, which is bought from
Nukissiorfiit’s waterworks.

& The households themselves fetch water in plastic cans
from Nukissiorfiits nearest ‘tap house’. The distance to
the nearest tap house can vary greatly. 200 m is not un-
usual and some households have longer, and often trans-
port takes place on small bumpy paths. In winter, the cans
will typically be towed across the snow.

Except for three smaller villages in northern Greenland
without public water supply, where the population has to col-
lect and melt ice floes or collect water in a nearby lake during
the summer (Nukissiorfiit 2016), the above constellations ap-
ply for all citizens.

There is no record of how many households in Greenland
have piped water. For an overview, one option would be to

�Fig. 1 Greenland with illustration of the dimensions of Greenland
(Henrik Forsberg, Equivalent Projection map based on data from
OpenStreetMap.org).
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review the map material of piping for individual residences,
but the technical maps for several settlements have not been
updated. Therefore, the analysis is based on Nukissiorfiit’s
overview of how many water meters are present in each
settlement.

In the six biggest towns with more than 2.500 inhabitants,
there is a mix of apartment buildings, row-houses and single
family homes. Apartment buildings always have piped waters,
but often, there is only one water meter for the entire property,
and not one for each apartment, and therefore, it cannot be
concluded how many households have piped water in the
major towns, based on the number of water meters. In all
major towns, there are single-family houses, some of which
have piped water while others do not, but the vast majority
without piped water will have a water tank. In the major
towns, there are also a small proportion of households that
rely on fetching water at the nearest tap house.

For the 11 smaller towns, the dominant form of housing is
single family houses supplemented with two-family houses
and row-houses in some places, and to a less extent, apartment
buildings. Thus, in these settlements, there is an increasing
convergence between the number of water meters and house-
hold numbers. In the smaller towns, some few households will
have tap water. Most houses will have a water tank, and the
rest of the population will depend on collecting water at the
nearest tap house. Upernavik stands out as virtually no one has
tap water.

In the villages, almost all households are single family
houses, and the number of households with or without piped
water can be estimated from the number of water meters by
subtracting the number of public buildings with piped water,
such as the shop, health station, school and maybe a fish
factory. Only a few villages in Greenland have a road network
that allows the transport of water trucks, which is why the tank
solution is rare in the villages. However, creative solutions can
be found all over, where for example, in the summer, unau-
thorized hoses have been pulled from tap houses to the indi-
vidual homes.

Based on the above division and available data, it is
estimated that at least 10% of Greenland’s households
have neither piped water or a tank solution, and this ap-
plies to more than 66% of the village households. The
population has to fetch water at the nearest tap house.
When it comes to tap houses, the water is free, while
prices for water varies greatly from settlement to
settlement.

There is a link between this kind of supply and the socio-
economic status of the household, as the population groups
who rely on collecting water themselves often are among the
socially disadvantaged. The heavy transport means that to a
great extent, their water consumption is reduced to a mini-
mum, such as 20 to 25 l per household which corresponds to
fetching one can each day. It is not uncommon to find that the

households’ only wash basin, which is used for hand washing
after using the toilet as well as when cooking etc. is filled with
the same water throughout the day.

In most villages, a community-driven service centre has
been established, where citizens for a fee can rent a washing
machine and get a shower. This option is not always available
in the towns, where citizens without piped water or water tank
have to bathe at their workplace or at the public sport facility.
Or they have to wash at home using a wash cloth and water in
the sink—a practice that has been prevalent until the ‘60s,
before bathrooms with showers or bathtubs became dominant.
The modern practice with shower etc. has also increased the
cultural expectations of cleanliness beyond what is hygieni-
cally necessary, hence today, bathing is not only a matter of
cleanliness, but must also be understood as a matter of comfort
(Qiutzau and Røpke 2009).

Water supply to industry and local production

Supply of water is obviously essential for public and private
companies, such as public services and especially the fishing
industry where international markets dictate specific hygiene
demands.

The Greenlandic fishing industry, which contributes
more than 90% of the country’s export income (Statistic
Greenland 2016), is entirely dependent on the supply of
clean water. There are fish factories or first sales facilities
in more than half of Greenlandic settlements, and with
only a few exceptions, it is Nukissiorfiit that supplies
water to them. In general, the industry is supplied with
piped water. Similarly, Nukissiorfiit supplies water to the
other public and private companies in Greenland. Finally,
it is important to note that there are many settlements
where the catch of fish or marine mammals is an essential
part of the livelihood both in terms of personal consump-
tion and private sale. In many small settlements, publicly
run buildings have been established where people can
wash and process skins and other catch.

Water extraction and quality

The modernization of Greenland after WW2 meant a tran-
sition from hunting to fishing and related industries in
need of clean water, and thus the centralization to the
major towns with more modern construction and lifestyle.
This led to a radical transformation of the water supply in
many parts of Greenland. Today, the water supply for
most settlements comes from a lake or directly from a
river, so the water resource is dependent on rainfall and
melting.

Southern Greenland sees lots of rainfall with an average of
858mm annually in Qaqortoq and 752mm inNuuk, but in the
north, rainfall decreases sharply to 266 mm in Ilulissat and

32968 Environ Sci Pollut Res (2018) 25:32964–32974



down to 127 mm in Pituffik (Thule Air Base in Qaanaaq
district) (Average 1961–1990) (The Danish Meteorological
Institute 2017). This means that Northern Greenland is high
arctic desert. At the same time, several northern settlements
are challenged by the fact that the lakes and rivers are freezing,
and lakes are not replenished with water during the long win-
ter, while much of the lake’s water reserve freezes. For these
settlements, the winter water capacity is limited, and for some
settlements, the water extraction stops completely. In several
of these habitats. Nukissiorfiit has established large water
tanks for storage of summer water, thus the size of the water
tank becomes critical for the settlement’s potential winter wa-
ter consumption, although there are also other solutions.

Hence, six of the northern settlements and one southern
rely on the relatively costly process of seawater desalination
by reverse osmosis (RO), and a couple of other towns and
villages use RO as a backup in the winter. At these locations,
the water capacity depends on the RO plant (Nukissiorfiit
2016). In Qaanaaq, ice is melted to supply the system as de-
scribed below.

The quality of the water supplied is generally good in terms
of hygiene. Not at least in the major towns where the technol-
ogy and the technical competences are concentrated. To meet
EU requirements in relation to food production for export, the
water in most places is also UV-treated. Here too, however,
differences exist. There are formal programs for continuous
control of the water quality, but a study launched by the
Greenlandic government shows that there are problems in
implementing sampling, particularly in the villages.
Moreover, the conducted bacteriological tests have led to rec-
ommendations of boiling water for a shorter or longer period
in almost one of every three waterworks. Especially village
waterworks have problems, but also waterworks in the towns
have been hit (Naalakkersuisut / Government of Greenland in
2015b).

The report concludes that this is not satisfactory, and that in
the settlements, it often takes a long time before the problems
that led to the boiling recommendation are resolved. There are
examples of settlements having had continuous boiling recom-
mendations for several years (Ibid.: p 3). The recommendation
is to develop better testing programs and plans for emergency
responses. In the smaller villages, the local employee who
operates the waterworks is a key figure in ensuring water qual-
ity and implementing control. The local system is very depen-
dent on the skills and engagement of this single person.

The discussion on water quality can be qualified from a
citizen perspective. When chlorine in varying amounts is
added to the water supply not at least in spring, where snow
melting from the area often contaminates the water resources,
there are many who do not like the taste. It is therefore not
uncommon to see families who periodically complement
piped water with fetching water in containers for drinking
purposes from the nearby river. This happens across social

statuses. However, in the larger town, this practise often re-
quires a car or a snow mobile and the water is considered a
treat.

Qaanaaq—an example

Qaanaaq is the world’s northernmost naturally inhabited dis-
trict with almost 4 months of winter darkness and a long
period of midnight sun, and the fjord system is covered by
sea-ice eight to 10 months a year.

Qaanaaq townwith 640 inhabitants is situated on amoraine
slope with permafrost and in a diffuse riverbed, where the
river drains the local water catchment, and to a lesser extent,
the local glacier located above the city, during the short sum-
mer. In the four summer months, water is supplied from the
river and two large water tanks are filled, which ensures the
water supply for another 4 months. The remaining 4 months,
icebergs are retrieved with a wheel loader and ‘dump’ (con-
struction machinery) on the sea ice, and then ice floes are
crushed, melted and cleaned in a special facility connected
to the distribution network. The task of collecting fresh water
ice on the sea ice is dangerous, especially late in the season,
where the sea ice is becoming increasingly uncertain. And
climate change exacerbates this problem, because the sea ice
is thinning in much of the winter, without the period for sup-
plies of fresh water from the river extending accordingly. In
addition, the method is very costly and in the winter season,
this results in Greenland’s most expensive water with a pro-
duction cost of about 600 DKK (90 $) per m3.

Qaanaaq is one of Greenland’s last hunting districts, and
until recently, the catch of marine mammals, reindeer and
musk constituted the district’s primary livelihood. But the in-
terplay of numerous concurrent factors has gradually
undermined the economy of hunting. With the reduced sea
ice caused by climate change, e.g. walruses seek further out
into the sea which results in longer transport of catch. And less
sea ice is also reducing the polar bears’ hunting opportunities
etc. The hunting quotas, especially for marine mammals and
polar bears, have been reduced, and at the same time, the
possibility of selling skins and ivory or crafts produced of
ivory have been significantly diminished as a result of inter-
national regulations. There is therefore a gradual transforma-
tion from a hunting society towards a fishing society where
fishing for Greenland halibut is becoming increasingly impor-
tant. A transformation that is similar to the rest of Greenland.

Qaanaaq has a small fish factory with limited freezer ca-
pacity for halibut. Halibut is only fished during the period of
sea-ice, because it migrates out of the fjord when the narwhals
journey into the fjords during the summer. This means that the
fishery of Greenland halibut takes place in the period when the
freshwater is produced bymelting icebergs, and from a simple
socio-economic perspective, it is not attractive to support a
local processing of halibut. Therefore, local jobs otherwise
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potentially enabled by the local fishery are not created.
Instead, halibut are frozen without being cut, which means
that the freezer fills up relatively quickly. As the freezer is
not emptied until ships reach Qaanaaq in the summer, first
sales are halted when the freezer is full. There is thus a clear
link between ensuring a cheap year-round water supply and
the development of the district’s industrial base (Hendriksen
and Hoffmann 2016).

It is crucial for the development of the district that a
solution is found, with cheaper and stable water supply.
With this in mind, ARTEK (Arctic Technology Centre)
have made a cooperation agreement with the self-rule
and Nukissiorfiit, which states that ARTEK in the summer
of 2017 undertakes feasibility studies to assess the possi-
bility of extending the water recovery period through the
creation of ‘natural’ basins or where additional winter
storage tanks can be founded, taking into account that
the active layer of permafrost will gradually increase with
climate change. A parallel project is exploring the subse-
quent potentials for developing local businesses by devel-
oping and branding local food productions.

Wastewater handling system challenges

When it comes to the handling of wastewater and thus the UN
sustainability goal 6.2: "By 2030 achieve access to adequate
and equitable sanitation and hygiene for all^, (United Nations
2015), the question explored in this section is how to build a
sustainable wastewater management system adapted to the
local context, and how far Greenland has come in this regard.

The modernization has also brought great changes in this
area. No one needs to sit outside with their pants down, as in
the traditional Inuit society. With the establishment of perma-
nent settlements for the majority of the population in the first
half of the twentieth century, toilet visits moved indoors with
an indoor dry closet and thus sheltered users from weather.
But with indoor dry closets came new hygienic challenges,
such as odour and the potential risk of infection.

In Greenland today, three typical system configurations for
handling toilet waste (black water) can be identified:

& Drainage where the uncleaned black wastewater is
discharged into the sea

& Sludge tank for a single household which is emptied by a
tanker truck, and where the uncleaned wastewater is
discharged into the sea

& Dry closet with a plastic bag, where the bags are collected
by refuse collectors and emptied into the sea or stored at
the dump

There are individual households with alternative solutions,
such as composting toilets or a private discharge into the sea.

But the alternative solutions represent a very limited part of
Greenlandic households.

Institutional systems and local practices

Wastewater management in Greenland, like the water sup-
ply, is included in an institutional system regulated and
governed by the self-rule. But where the water supply is
organized by the national and publicly owned utility
Nukissiorfiit, the municipalities are responsible for the
sewers and for ensuring the collection, handling and emp-
tying of the toilet bags. This work may be outsourced to a
private contractor. As with tank water, which is described
above, the solution with toilet tanks is a private correction
to the institutional system. Here, individual households
finance and establish a tank and agreements with a con-
tractor to empty the tank. Despite this, the system is in-
stitutionalized and includes system approved bulk tanks,
and the contractor empties the tanker truck at the munic-
ipal discharge of black water to the sea (Naalakkersuisut /
Government of Greenland in 2015c).

Wastewater handling is thus formally regulated with
regard to issues such as responsibilities, payment struc-
ture, integration with building codes regarding installa-
tion of tanks in houses and integration in municipal
physical planning concerning discharge to the sea
(Naalakkersuisut / Government of Greenland in 2015c).
The legislation is thus based on fundamental values of
hygiene and environment very similar to demands from
Danish law, although they are translated to the very dif-
ferent local conditions in Greenland. A large difference
is that the wastewater is not cleaned, but discharged di-
rectly into the sea. The regulation challenges the munic-
ipalities, as they have to implement it in many and var-
ied settlements. These already have different forms of
established systems and practices, which in large part
have historical reasons.

Due to the island operation, the wastewater management
employees who participate with operation on a daily basis
have to reside locally. In the villages, it is often a part time,
e.g. a half-time position, which means that the employee will
also have income or supplementary subsistence income from
fishing or hunting. These kinds of posts in the public sector
constitute key sources of income for many families in the
settlements and are thus an essential part of the village’s rev-
enue base.

Although there are similarities, it is also clear that locally
based practices are developed, so even if the systems are tech-
nically similar, they act differently depending on a variety of
local conditions, built practices and specific individuals. The
systems are highly dependent on a few local people. In a
settlement, the collection and deposit of toilet bags may be
regular and thorough, while a renovation worker in another
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village, who formally has the same pay and the same technol-
ogies, can oversee a more unsystematic and irregular opera-
tion. Both forms obviously have an impact on the living con-
ditions of the residents in the village and also on the percep-
tion of the system and its values, which may have implications
for residents’ hygiene practises. In a village where the system
has worked well for many years and which has built up a good
practice, the system is often more robust to problems encoun-
tered. This can be a problem with a breakdown of the ATV
(four-wheeled motor cycle) that is used for transport of toilet
bags, where the employee uses a wheelbarrow for a period of
time. In another settlement, this can mean the lack of pickup
until the municipality has the ATV repaired, which may take
some time. A changing of the employee due to retirement or
relocation can also break down a well-functioning practice
very quickly. Thus, the development of a good system com-
prises not only technical upgrades, but to a large extent, also
the education, engaging and support of the local employees.

Dry closet with toilet bags

Nationally, about 25% of households1 use ‘bag toilets’ which
are dry closets with replaceable plastic bags. Internationally,
this kind of toilet technology are often referred to as ‘honey
buckets’, but to underline the contextual practise of the tech-
nology in Greenland where the technology is integrated into a
public system, we use the notion of ‘bag toilets’ which is a
translation of the local way to refer to the system of ‘toilets
with a replaceable bag’. Today, these bag toilets use a large
plastic bag, which is placed in a specially designed bucket
with seating and a lid and exhaust through the roof. It is the
individual household, who must close the plastic bag after use
with a metal strip and put it outside the front door.

The bags as well as the metal strips are distributed by the
municipality. The bags are designed for the task with a partic-
ularly high quality and with a double welding, in order to
avoid that the toilet bag leaks. Still, there is a risk of a puncture
with the consequence of drips inside the house. And outside,
in areas with sled dogs in North and East Greenland, it is not
unusual for puppies or wild dogs to tear a hole in a toilet bag
left out for pickup, so the waste leaks by the entrance door.

The toilet bags are also collected by the municipality, even
though this may be outsourced to a private contractor. Thus,
the individual households do not transport or handle toilet
bags outside of the house. In the towns, toilet bags are collect-
ed by sanitation workers with a truck, and then the toilet bags
are manually emptied in a dedicated building where the sani-
tation worker can stand inside and the black water is led by a
pipeline into the sea. In the villages, sanitation workers also
collect toilet bags, but the means of transport vary. Different

local solutions are used to transport the bags, e.g. in some
settlement, the workers uses an ATV with a trailer in the sum-
mer and a snowmobile with a sleigh in the winter, while others
use wheelbarrows and hand-pushed sleds. In the villages, the
emptying of toilet bags is donemanually and outdoors or in an
open shed by a ramp where the black water slides into the sea.
A case from Oqaatsut is shown in Fig. 2. When emptying the
bags, with the sanitation worker holding the bag with one
hand and cutting a hole in the bottom with the other, there is
a great risk that the waste splashes onto the sanitation worker.

The sanitation workers jobs are formally regulated as part
of the overall regulation of the work environment with the
goal of securing a safe and healthy working environment
(The Working Environment Authority in Greenland 2017).
There are no specific regulations on working conditions when
handling toilet bags, these are the responsibility of the munic-
ipality. In some of the larger towns, there are facilities for the
sanitation workers with changing and showering. Meanwhile,
here, the number of homes with bag toilets is falling.
However, based on a study of waste management in
Greenland from 2014, Naalakkersuisut / Government of
Greenland concludes in a sector plan from 2015, that the ma-
jority of towns and villages have not established sanitation
facilities for handling toilet bags that meet applicable law
(Naalakkersuisut / Government of Greenland in 2015a).
Thus, their mapping shows that the practical collection of
wastewater generally works as a regular practise, but that from
a health point of view, the collection schemes for bag toilet
waste are problematic (Ibid.).

Black water must, according to current legislation, be
discharged into the sea (Naalakkersuisut / Government of
Greenland in 2015a, c). In some few towns and villages, toilet
bags are deposited at the dump together with other waste. This
is the case in Qaanaaq, where the discharge of black water is
challenged by the fact that there is a reef located some hundred
meters ashore, so the waste will not be washed away. The
large tide and the ever changing weather condition with the

1 Data is based on municipal records of households registered for pickup of
toilet bags at the individual settlements.

Fig. 2 Local system from a village with about 40 people for discharge of
black water from the toilet bags. A local sanitation worker cuts the bags
open and pours out the contents. Beside the ramp is a metal bucket for the
bags and a bottle with liquid for cleaning
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sea freezing most of the year complicate a piped solution.
Therefore, the filled toilet bags are left at the dump, resulting
in uncontrolled leakages to the surrounding environment. This
method is unhygienic and unacceptable from a health perspec-
tive, because of the risk of spreading diseases.

As with the water supply, there are very large geographical
differences in the handling of wastewater. In major towns with
over 2500 inhabitants, only about 6% of households uses bag
toilet. But in smaller towns with less than 2500 inhabitants, it
is about half of the households, and in the villages, it applies to
more than 90%.2

The Government of Greenland concludes that the condi-
tions are not satisfactory, but that building piped solutions in
all settlements would have a huge economic impact and is not
realistic to implement. A working group has been set up that
comprised of the Environment, Veterinary and Health author-
ities and the National Health Board in order to identify new
solutions with waste that can be tested through pilot projects
(Naalakkersuisut / Government of Greenland in 2015a).

Grey water

In areas without sanitation where households use bag toilets,
grey water from cooking and dish washing, showering and
other personal hygiene is discharged onto the ground through
a drain in the building’s outer wall. In summer, depending on
the topography and the ground, a small lake or stream appears
outside the house. The wastewater evaporates, seeps down
and runs to the sea. In some cases, the grey water may drain
towards a neighbouring building. This will often be handled
with the excavation of small trenches, leading the water on. In
winter, a growing ice build-up is formed from the house drains
that can be so large that it runs into paths and roads. In the
spring, the grey water ice melts and runs away with the
thawing snow, which means that lakes and streams close to
towns and villages are often polluted during this period.

Industrial and institutional wastewater

The larger fish factories that have piped water will often have
their own sewer line into the sea, where both industrial waste-
water and wastewater from the bath, toilet etc. is discharged.
Other industrial plants with piped water which is located near
a sewer will typically be connected to the sewer network. The
small villages’ first sale facilities will often use bag toilets
regardless of whether they have piped water. There is a similar
differentiation for public buildings and institutions. In the larg-
er towns, the vast majority will be connected to a sewage
network. But in some of the smaller towns and villages, bag
toilets are used in schools, hospitals, the village health station,
service houses etc.

Health consequences

Greenland’s water and sanitation system can be seen as a
transfer of the Danish system with a basic hygienic focus that
was reflected by a direct goal of improving health and a hy-
gienically embedded professional practice (Rosendahl 1989,
Lindegaard 2001b).

This was an answer to the problems surfacing on the
Danish political agenda after WW2 with the poor social and
health conditions of the Greenland population. The number of
deaths caused by tuberculosis was more than 0.8% per year,
and the living conditions for a large percentage of the tradi-
tional Inuit population were rather poor and far below Danish
standards. For Denmark to keep Greenland as part of the na-
tion and for internal socio-political reasons, something had to
be done. This led the government to send a medical expedition
to Greenland in 1947 to map the problems and identify their
causes.3

The development of higher quality housing and heat and
water supply systems together with an improvement of health
care services definitely improved the health conditions with
respect to infectious diseases. This is also shown by the fact
that the Greenlandic population have grown from app. 20.000
after WW2 to around to the current app. 47.000 (plus the
foreign workforce).

Looking at today’s situation, there is no systematic over-
view of the health consequences for the population that has no
piped water or water tank, as well as for the even greater part
of the population with bag toilets. Studies in the USA indicate
a correlation between lack of running water and increased
health risks in Arctic communities (Hennessy et al. 2008).
For example, parts of the population who rely on collecting
water at a tap house will have a risk of saving too much on the
water, resulting in inadequate handwashing after using the
toilet, creating a danger of contagion. The same challenge
applies to the relatively few schools and other common func-
tions that do not have piped water.

In addition, there is an occupational health risk for the
employees who handle toilet bags. Consequently, they are
vaccinated against hepatitis A + B and diphtheria / tetanus.
Similarly, they are subjected to significant ergonomic risks
associated with the collection, transport and in particular the
emptying of toilet bags. At the same time, these jobs often
represent an important part of the local earnings.

There is a close link between water supply and sanitation
and other housing conditions, which is not treated in this arti-
cle. Thus, many houses in the villages are small and old with
varying degrees of maintenance. Heating has various system
configurations that create different conditions for indoor air

2 Re the municipalities’ registration of households paying for bag toilets.

3 A rather well-known film was even produced to support the conclusions
from this expedition. It showed a family living in a remote area being visited
by a doctor and the son being sent for care to a hospital in the city.
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quality and health. The development of water supply and san-
itation must be linked with a plan for developing housing
standards and renovation.

Finally, it is very important to point to that the quality of the
water systems is decisive for the potential for local sustainable
businesses development.

The modernisation with the development of water systems
created new conditions for everyday life in Greenland, so that
technical improvements simultaneously changing everyday
practices around cleanliness and comfort and thus water con-
sumption and norms. In the largest towns, the system is in
many ways a copy of the systems in other western cities with
piped water and flushing toilets and sanitation, with a techni-
cal adaptation to the extreme climatic and topographical con-
ditions, with pumps and electric heating cables.

Meanwhile, several system variations have been developed
especially in in the rest of Greenland, often rooted in the cli-
matic conditions and the large number of geographically iso-
lated towns and villages that create specific local conditions
for water supply and wastewater management. However, all
over Greenland, wastewater is not treated before it is
discharged directly into the sea.

It is a central point that the water supply and wastewater
management as a consequence of the Danish modernisa-
tion is seen as a basic service offered in a public system,
and that the system, as mentioned, can be seen as regulated
from a hygienic tradition. In spite of Greenland’s large
geography and island operation, the system reaches all
towns and virtually all settlements, so residents in even
the most isolated settlements are offered cleaned and chlo-
rinated water from tap houses and approved toilet bags are
distributed and collected.

As the above analysis shows, parts of the existing system
are clearly not satisfactory in relation to the UN Sustainability
goal. One problem is that comfortable systems in the large
cities with piped water and flushing toilets redefining the norm
for water supply and sanitation in Greenland are not realistic
to implement in all settlements of Greenland. Furthermore, as
a consequence of the diversity of the existing systems,
Nukissiorfiit and the municipalities are left with very different
conditions in their ongoing development of the local systems.
Therefore, it is important to point to that reasonable supply
can be handled with solutions other than piped water and
sewerage, like tank water and low-flow toilets with tank solu-
tions or compost toilets (Gunnarsdottir et al. 2012).

Conclusion—the challenges of developing the system

Implementing institutional water supply directly to all house-
holds in Greenland is a key objective for both reducing health
risks for parts of the population and improving the quality of
life, and also water supply in many cases is a prerequisite for

the development of local businesses. Thus, the Greenlandic
community is facing significant challenges in developing this
in a sustainable way.

The analysis of the systems shows a number of different
system configurations with different qualities and problems.
The analysis shows that the water supply should not necessar-
ily be rolled out in the form of piped water and sanitation, as it
will be very expensive to achieve with existing technologies.
Such a level of service will put pressure on the further dis-
mantling of villages, thus contributing to the continued cen-
tralization of the Greenlandic settlement pattern and make it
difficult to maintain cultural traditions and everyday practices.

The challenge is thus to develop other solutions to meet
UN goals and strengthen local sustainable development.
There are a number of alternative technologies that can offer
a local and robust development. For example, means of trans-
port to supply water have been developed, also to the house-
holds in the smallest settlements, which means that the tank
solutions may be implemented. Similarly, a substitute for the
bag toilets should be implemented, partly to raise the quality
of life for the individual citizen, and partly to eliminate the
impacts on the sanitation workers. Again, excellent technolo-
gies have been developed to meet these challenges. There is a
need for systematic testing and development of solutions such
as incineration and / or compost toilets, incinerators that can
burn residue or other trials with, e.g. chemical toilets where
there is a treatment of the residue.

For both the supply of water directly to individual house-
holds and the handling of black water, a solution is primarily
based on a societal priority and is thus a political decision. The
existing supply of different system constellations has been
developed since WW2 in the transition from Danish colonial
rule to home rule to the current self-rule. It is now the task of
the young self-rule to realize a development of these systems
that can create the best environment for citizens’ everyday life
and sustainable development of Greenland.
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