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FOREWORD
This report presents an overview of the
Danish sector for soil and groundwater remediation as well as the companies which
contribute to its development. The content of the report is meant to serve as an
inspiration and as a helpful tool for a) international stakeholders who wish to get
an overview of the Danish soil and groundwater remediation sector and/or are looking for Danish business partners, and b)
national stakeholders wishing to know the
extent of Danish competencies relating to
soil and groundwater remediation.

Besides presenting the state-of-play of
the Danish soil and groundwater remediation sector, the report includes a matrix
with information about names, areas of expertise, and size of the companies working
within the sector in Denmark.

interviews have been conducted in order
to qualify the findings of the questionnaire
survey as well as discuss central issues relating to soil and groundwater remediation
in Denmark.

The content of the report is the result of a
survey conducted among more than 200 of
the companies working within the Danish
sector for soil and groundwater remediation (reference in this report is ‘DSP-survey’). On top of this, a number of expert
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INTRODUCTION
Soil is quite literally the foundation on
which we will build a sustainable future.
It underpins 90 % of all human food, fibre, and fuel. It is essential for water and
ecosystem health; it acts as a carbon sink,
shapes our landscapes, and supports our
biodiversity.
In spite of all this, soil is contaminated, exploited, and degraded all over the world. In
Europe alone, the European Environmental
Agency (EEA) estimates that there may
be as many as 2.5 million potentially contaminated sites which need investigation.
Around one out of every seven of these,
a total of approximately 340,000 sites, is
expected to be contaminated and in need

of remediation. Only a small percentage
of this large number of sites has so far
been remediated (see fig. 1). Contaminated sites across Europe are the remnants of
more than 200 years of industrialization.
In many other places around the world,
the pace of industrialization is much faster
than in Europe. Moreover, issues such as
the increasing pressure from urbanization,
a growing human population, the intensive
production of food and goods, and the lack
of drinking water have made the need for
innovative soil and groundwater remediation technologies and competencies more
urgent than ever before. Contaminated
soil is a growing environmental problem of
global concern which needs to be tackled.
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Figure 1 -Progress in the management of contaminated sites in Europe in 2011 - number of
sites (x 1,000) (Source: EEA)

Contaminated soil and groundwater is not
only bad for the environment; it also has a
negative influence on the economy. Within the EU alone, the annual socioeconomic impact of the environmental depletion
caused by soil contamination is estimated
to be around 6.5 billion euros1. Companies
pay a large share of this, but there is also a
high public cost which has a direct impact
on society.
In the light of all this, knowledge about how
to prevent future soil contamination and
remediate the already contaminated sites
and aquifers will be a vital part of the transition towards a more sustainable future.
Danish companies and authorities have a
central role to play in this development as
they have been working with these issues
for many years and have built up comprehensive knowhow. This report presents an
overview of the Danish sector for soil and
groundwater remediation.
“Someone has to clean up the sins of
the past in order to build a
more sustainable future.
The soil and groundwater
remediation sector does that”

Maiken Faurbye
Krüger A/S
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THE DANISH SOIL
AND GROUNDWATER
REMEDIATION SECTOR
In Denmark, there is a long tradition
of solving environmental problems
relating to soil and groundwater contamination. The first Danish law on
soil contamination dates all the way
back to 1983, making it one of the first
of its kind in the world.2
In the course of the last three decades,
Danish companies and public authorities
have developed a unique level of expertise
regarding soil and groundwater remediation. This is partly due to the strict legislative requirements imposed by the Danish
authorities, which constantly force companies to make improvements, and partly due
to the promotion of strong collaboration
between the public authorities, knowledge
institutions, and the private sector in Denmark.3
The value chain
A simple value chain for Danish soil and
groundwater remediation is depicted in
fig. 2. It is important to note that the measures and technologies deployed within
each step of the value chain vary according
to whether it is the public authorities or a
private building developer who is initiating and financing the remediation process.
Whereas the public authorities in Denmark
are obligated to initiate and finance new
projects in order to protect public health
and the groundwater and surface water
resources, private developers primarily finance soil and groundwater remediation
in connection with new construction projects.
The first step of the value chain is the mapping of contaminated and possibly contaminated sites. This is done by investigating
the historical use of specific sites in order
to determine whether there is a reason to
suspect contamination on the site or not.
In Denmark, this task is the responsibility
of the public authorities, who continuously

survey and map potentially contaminated
sites. Since the beginning of the 1980s,
this effort has led to the identification of
more than 30,000 Danish properties and
sites which are ‘contaminated’ or ‘potentially contaminated’,4,5 (see fig. 3, p. 6).
Besides this, the historical mapping of a
specific site can be initiated by a private
building developer in connection with a
new building project.
Based on the mapping, the next step is to
initiate preliminary investigations in order
to confirm or reject the presence of any
contamination in the soil or groundwater.
The preliminary investigations financed
by the public authorities are most often

undertaken in collaboration with a private
consultancy. All data collected in this phase
is added to a database, and the site in question is categorized as a ‘stage one knowledge level’ site.
If the preliminary investigations show that
the site may pose a risk to human health
or the groundwater, the third step of the
value chain is to conduct in-depth investigations of the soil in order to determine the
extent of the contamination, assess the
risk that it poses to human health and the
environment, and decide on the right remediation measure. When this procedure
is completed, the site in question is categorized as a ‘stage two knowledge level’ site.

1.
Mapping
of potentially
contaminated sites

Soil sampling
Laboratory analysis
Field analysis
Knowledge level 1

Private sector
delimitation and
mapping of cadastres
in connection with
construction projects.

2.
Preliminary
investigations

3.
In-depth
investigations and
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Removal
Pump and Treat
Containment
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Stimulated biological
breakdown
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Thermal
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Coastal protection
Landscape modelling
Land reclamation
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Figure 2 - A general Danish value chain for soil and groundwater remediation (Source: Danish Soil Partnership, DSP)

2	The Waste Deposit Act, which was the forerunner of the current Act on Soil Contamination, was adopted in 1983.
For an English version of the current legal framework, please see www.mst.dk/media/mst/Attachments/Jordforureningsloven.pdf
3	A report providing a comprehensive overview of the development of the Danish regulatory framework relating to soil and groundwater
remediation is currently being drafted on behalf of the Danish EPA. The report is expected to be published primo 2015.
4	Source: Redegørelse om jordforurening. Depotrådet 2012.
5	All data on contaminated soil in Denmark can be found on the Danish Environmental Portal, www.miljøportalen.dk
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Fourthly, depending on the results of these
investigations, it might be necessary to set
an actual remediation project in motion.
This can take place either at the contaminated site (in-situ) or by excavating the
contaminated soil and transporting it for
remediation at an external facility (ex-situ). If, on the one hand, the remediation
process is being publicly financed, hightech in-situ solutions are often preferred.
If, on the other hand, the process is being
financed by a private building developer,
the solution is very often to excavate the
soil and transport it for ex-situ treatment
as this saves time and money in the building process.6

Lastly, in the case of ex-situ soil treatment,
the fifth step of the value chain is the reuse
of the purified soil, which can be used for
instance for coastal protection, landscape
modelling, land reclamation, or as noise
barriers along roads and motorways.
The key role played by the public
authorities
In Denmark, the public authorities play a
key role in the efforts to tackle soil contamination as they are responsible for the
remediation of most of the contaminated
sites in the country. At the same time, they
finance the vast majority of the remediation projects in the country, many of which
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are carried out through public-private partnerships (see fig. 4).
The public bodies with the main responsibility for this issue are the regions.7 Their
key task is to remove or limit the risk that
soil and groundwater contamination pose
to the drinking water supply and public
health. Groundwater resources receive
special attention in Denmark, as nearly all
of the drinking water supply throughout
the country is pumped from groundwater
resources.

27

the Regions
the Municipalities
the State
Defense Command
Denmark

5
9

57

Private builders and
property owners
5

Figure 4 - Money spent on soil and groundwater remediation in Denmark in 2012
(Source: Depotrådet 2012)
This particular setup for managing the soil
and groundwater resources is unique only
to Denmark; and the presence of a strong
and competent public management system
is one of the main areas of strength in the
Danish approach to soil and groundwater
remediation. This is characterized, for example, by the involvement of a competent
and responsible public body (the regions), a
high level of collaboration between public
and private stakeholders and the knowledge sector, and a highly systematized approach to the management of all contaminated sites in Denmark, which is divided
into stages (cf. the value chain).
“The distinct organisation of the
sector in Denmark, where the
public authorities have the money
to drive new innovation projects in
collaboration with the private sector
and universities is unique”

Knowledge level 1 (14.682)
Knowledge level 1/2 (2008)

Areas of special interest for drinking water

Knowledge level 2 (12.683)

Areas of limited interest for drinking water

Areas of interest for drinking water

Mads Terkelsen
The Capital Region of Denmark
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FACTS ABOUT THE REGIONS’ SOIL REMEDIATION EFFORTS IN DENMARK
Approx. 16,000 sites mapped at knowledge level 1.
Approx. 14,600 sites mapped at knowledge level 2.
Est. 20,000 sites in Denmark are still to be mapped as potentially contaminated.
Est. total number of 35,000 contaminated sites in Denmark
Est. total of 4,500 sites pose threat to human health and the environment and need to be remediated
Est. total cost of the public measures to tackle soil and groundwater contamination in Denmark: 14.5 billion DKK
Est. time span before the remediation task is completed: 50 years

Besides this, the setup has helped create a
high degree of data transparency and integration into different software systems. All
data from the ongoing mapping of contaminated and potentially contaminated sites
in Denmark as well as the many site investigations, test and pilot projects, and actual remediation projects, is uploaded into a
central, open database called ‘DKJord’ (‘DK
Soil’). In addition, data about groundwater, geological soil composition, historical
land use etc. is also collected and used by
the public authorities as well as the private
sector to make the optimal decisions regarding new remediation projects. Moreover, the regions have developed a number
of IT tools and assessment tools which help
them prioritize their efforts.
Lastly, the central role of the public authorities promotes knowledge sharing
and collaboration across the triple helix,
resulting in a high level of collaboration between public and private stakeholders and
the knowledge institutions. As the regions
have no commercial interest in the knowledge obtained through the large number
of projects they are responsible for, they
function as a knowledge provider to the
companies, ensuring that the companies
are always well-informed about the newest technologies and developments within
the field.

es related to soil and groundwater remediation. Around one-third of the companies
are technology providers and/or provide
contracting services.
The 82 companies have a combined turnover of more than one billion euros. The relative role of soil and groundwater activities
varies from company to company. On the
one hand, nearly 60% of the companies
state that less than a quarter of their turnover can be linked to the company’s activities within soil and groundwater remediation, indicating that soil and groundwater
remediation is only a part of their business
activities. On the other hand, 20% of the
companies participating in the survey state
that they can link most of their turnover directly to soil and groundwater remediation
activities. These companies are mainly
specialized consultancies, technology providers or ex-situ soil treatment companies.
The companies participating in the survey
employ between 19,000 and 22,000 people in Denmark. As is the case with turnover, around 60% of the companies state
that less than a quarter of their employees
work directly with soil and groundwater
remediation. At the same time, 20% of the
companies work almost exclusively with
soil and groundwater remediation.

It is not possible to make an accurate estimate of the total number of employees in
the private sector for soil and groundwater
remediation based on the survey. However,
a previous analysis of the sector conducted

Other
39%

Consultancy
60%

Laboratory
24%
Contracting
33%

Technology
35%

Figure 5 - Percentage of companies providing different types of services (Source: DSP
survey, n = 82)*
*numbers add up to more than 100 because
several companies provide more than one
type of service
by COWI and RGS 90 on behalf of the Danish
Environmental Protection Agency states
that there are around 1,000 private sector
employees in Denmark working with soil
and groundwater remediation.8

60%

Turnover and employment figures
In comparison to other traditional Danish cleantech sectors, like wind, water or
waste handling, companies working within
the sector for soil and groundwater remediation generate a relatively small average
turnover. This is mainly due to fierce competition on the Danish market, which drives
down the price of services, especially in the
consulting business.

50%
40%
30%
20%
10%
0%
Western
Europe

Eastern South East
Europe
Asia

Large enterprise
(>250 employees)

USA

China

Medium-sized enterprise
(51-250 employees)

Figure 3 - Knowledge level 1 and 2 sites in Denmark in 2012 (Source: Orbicon A/S)

As can be seen in fig. 5, the majority of the
82 companies participating in the survey
for this report provide consultancy servic-

6	Brancheanalyse for jordforureningssektoren. The Danish Environmental Protection Agency. 2013.
7	There are a total of five regions in Denmark which are responsible for a number of areas of medical, psychiatric, social and regional development.

8	Source: Brancheanalyse for jordforureningssektoren. The Danish Environmental Protection Agency. 2013.
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Figure 6 - Companies’ main export markets (Source: DSP survey, n = 75)
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Export activities
Denmark is among the leading countries
in the world when it comes to the development and implementation of green
solutions, and more than 10% of the
country’s total exports derive from the
export of green solutions. Compared to
the EU-15, Denmark specializes in the export of solutions for soil and groundwater
management. This means that the average
proportion of green technology exports
specifically related to soil and groundwater remediation is relatively higher in Denmark.9
One of the reasons why there is a specific
focus on export opportunities within this
sector is that the Danish market for soil
and groundwater remediation is mature
and there is fierce competition between
the large number of companies and other
stakeholders which operate on the market.
Therefore, there are relatively few international companies present on the market
and the growth potential for companies
operating only within the Danish market is
quite limited.10 On the one hand, this drives
the Danish companies to focus on the international markets and to partner with local
stakeholders if they want to expand their
business. On the other hand, it has helped
many of the companies working within the
sector to develop technologies and services which can be sold on the global market.

ticipating in the survey indicated that they
do not engage in any export activities (see
fig. 6).
The local market in Western Europe is the
main export market for those companies
which do engage in export activities. Nearly one-third of the companies export to
countries in Western Europe. In spite of the
proximity of the Eastern European market,
only around 10% of the companies engage
in export activities in that region. Apart
from this, the survey shows no clear export focus, although company activities in
South East Asia, China, and India suggest
that more companies are focusing on the
eastern markets.
Large companies account for the majority
of the exports, mainly by selling consultancy services. However, more than half of the
exporting companies employ 50 people or
less, indicating that the size of the company is not necessarily a hindrance to export
activities.
The companies participating in the survey
were asked which technologies or services
they thought the most suitable for future
export (see fig. 7). The answers indicate
that almost 60% of the companies participating in the survey see system solutions
developed in collaboration with other sectors as the most suitable for export. Furthermore, capacity-building consultancy is

Mapping of contaminated sites
Products,
materials,
equipment

70%
60%
50%
40%

Risk assessments

30%

Other
consultancy

20%
10%
0%

Primarily
low-tech
solutions

Primarily
high-tech
solutions

Capacity-building
consultancy
System solutions

Figure 7 - Which solutions, technologies, or competencies are best suited for export?
(Source: DSP survey, n = 31)
In spite of this focus on exports, the majority of companies working within the sector
in Denmark are currently not geared for
exports, and 54% of the companies par-
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containment) with high-tech solutions (i.e.
stripping, thermal, reduction, oxidation,
flushing, sorption, ventilation) reveals a
clear preponderance in the number of companies who believe that high-tech solutions are best suited for export.
In summary, the survey indicates that most
companies believe the best way to increase
their exports is through system-oriented,
high-tech solutions or capacity-building
initiatives.
Test and demonstration
In Denmark, the interplay between the
public authorities, the private sector and
the knowledge institutions creates an ideal environment for developing new soil and
groundwater remediation technologies
and solutions.
In order to promote company innovation
and the development of new solutions for
soil and groundwater remediation, the regions have decided to form a common national network of test sites where innovative new ideas and methods can be piloted.
At the same time, they are co-funding a
wide range of test and demonstration activities which involve stakeholders from
the knowledge sector as well as private
companies, including international stakeholders from all parts of the world. Examples of current development projects include:
•		Jet injection into glacial clay till deposits
•		Isotope fractionation
•		Phytoremediation of heavy metals using tropical ferns
•		
Electrokinetic remediation of heavy
metals-contaminated soils
•		Horizontal directional drilling
•		New methods for indoor climate remediation
In 2012, the regions were involved in sixty development projects, many of which
were run through public-private partnerships with Danish and foreign stakeholders. Around one-third of the projects addressed new remediation methods and
technologies, while the rest dealt with issues surrounding risk assessment, the optimization of remediation processes, and
more general projects. In 2012, the regions
invested a total of € 2.2M in development
projects.11

regarded by approximately half of the companies as a ready-to-export solution.
A comparison of low-tech solutions (i.e.
pumping, excavation, phytoremediation,

9	Source. Grøn produktion i Danmark. The Danish Ministry of the Environment; Ministry of Business and Growth Denmark; Danish Ministry of Climate, Energy, and Building. 2012
10	Source: Brancheanalyse for jordforureningssektoren. The Danish Environmental Protection Agency. 2013.
11	Source: Redegørelse om jordforurening. Depotrådet 2012.

Collaboration and partnerships
The Danish sector for soil and groundwater
remediation is quite small. On the one hand,
this means that the sector is considered
by many to be somewhat conservative
because people working within the sector tend to know each other. On the other
hand, this makes it easier to collaborate in
finding the right solutions.

ple helix from the knowledge institutions,
public authorities, and private sector regularly meet in forums such as ‘The Information Centre on Contaminated Sites’ or ‘The
ATV Soil and Groundwater Foundation’ to
discuss the latest developments within the
sector.
“There is a strong tradition of
knowledge sharing among Danish
stakeholders working within the soil
and groundwater remediation sector”

23%
Yes
53%
24%

Poul L. Bjerg
Technical University of Denmark, DTU

No
Do not
know

Figure 8 - Percentage of companies interested in collaboration with foreign stakeholder(s) (Source: DSP survey, n = 75)
The survey creates a picture of a Danish
soil and groundwater remediation sector
which is open to new partnerships with
foreign stakeholders. More than half of the
companies participating in the survey are
interested in engaging in some form of collaboration with foreign stakeholders (see
fig. 8). Additionally, when asked what types
of stakeholders would be most relevant
and important to future collaborations, almost half of the Danish companies pointed
to foreign business partners.
Besides this, three out of every four Danish
companies recognizes the public authorities as being the most important collaboration partner in the future. The coordinating
role of the public authorities has helped
cultivate a culture of knowledge sharing
within the soil and groundwater remediation sector. Stakeholders across the tri-

Future challenges and perspectives
As part of the survey, the companies were
asked to comment on the main future challenges for the sector over the coming 10year period. The answers fall into different
categories, which are presented in fig. 9. As
can be seen, many companies point either
to the economy or Danish market barriers
when expressing their concerns about fu-

11

ture developments. The two categories are
interrelated and include concerns about a
stagnating Danish market characterized by
fierce price competition.
Different regulatory barriers form another category of concerns expressed by the
companies. This includes concerns about
the difference in regulation from country
to country and the lack of a comprehensive common EU-framework. Furthermore,
some companies point out that it is a regulatory challenge to cope with the introduction of new chemicals by the production
industry.
Lastly, several companies express concerns relating to their efforts or will to
internationalize. Some companies find
it difficult to find the right local business
partners to help them gain access to new
markets. Furthermore, some companies
point out the need to start developing integrated holistic solutions in collaboration
with other stakeholders in order to gain access to new markets.

40%
35%
30%
25%
20%
15%
10%
5%
0%
Economic
barriers

Danish
market
barriers

Regulatory
barriers

R&D
barriers

Internationalization
barriers

Other

Figure 9 - Categorized future barriers mentioned by the companies (Source: DSP Survey, n =
25)* *numbers add up to more than 100 because some companies describe more than one
future challenge
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INVENTORY AND MAPPING OF
POTENTIALLY CONTAMINATED
SITES IN INDIA
Since 2012, the Danish company COWI has
been responsible for developing the first
national inventory of potentially contaminated sites in India. The work is being done
on behalf of the Indian Ministry of Environment and Forests. The background to the
project is the increasing industrialization
and urbanization in the country, which is
putting pressure on available land and resources, and creating environmental and
health problems.
The project is part of a Government of India
programme called “Capacity Building for
Industrial Pollution Management”, which
is designed to provide a comprehensive
framework for investment in the remediation of contaminated sites which pose a
risk to human health and the environment.
The objective of the programme, which is
being funded by the World Bank, is to build
tangible human and technical capacity in
selected state agencies for undertaking
environmentally sound remediation of
contaminated sites, and to support the
development of a policy, institutional, and
methodological framework for the establishment of a National Programme for the
Rehabilitation of Polluted Sites. Part of this
programme consists of three separate projects:
•		Inventory and Mapping of Potentially
Contaminated Sites in India
•		Development of Methodologies for a
National Programme for Rehabilitation
•		Development of a National Programme
for the Rehabilitation of Polluted Sites

Field photo from the COWI project in India (Source: COWI A/S)

“In Denmark, we think holistically
about environmental problems. This
means that we are used to working
across different industrial sectors to
create the right solutions”

Søren Viegand, COWI
The Inventory and Mapping of Potentially
Contaminated Sites project will establish
methodologies, procedures and prioritizations for the further elaboration of inventories. The project will involve the following tasks:
•		Collection of information on potentially contaminated sites by the Ministry
of Environment and Forests from the
different states in India, from non-governmental organizations, from court
cases, etc.
•		
Development of approaches for the
identification and assessment of contaminated sites, including methodologies for field inspection and a proposal
for Indian screening and response levels for contaminants.
•		Creation of a database with GIS for data
management. The database system
GeoEnviron, developed by the Danish
software developer Geokon A/S, will be
used.
•		Field visits with inspection and soil and
groundwater sampling and analysis for
a selected number of identified sites.
•		Development of a system for the prioritization of sites according to the risk
they pose to human health and the environment.

The Inventory project was awarded to the
COWI consortium in an international tender. COWI Denmark / COWI India is leading
the consortium which includes several
sub-consultants, namely the Indian consultant Kadam, the two Dutch consultants
Tauw and Witteveen+Bos, and the Danish
software provider Geokon. The project is
expected to finish at the end of 2014, but
further work, e.g. on the training of technical staff, may be required.
www.COWI.com
www.geokon.dk
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EK-BIO METHOD FOR THE
REMEDIATION OF CHLORINATED
SOLVENTS IN CLAY SOILS
Remediation of clayey soils contaminated
with chlorinated solvents presents a big
challenge which very few methods so far
have been able to meet. One of the few
successful methods is called EK-BIO, which
has been developed by the private consulting engineering company NIRAS A/S, and
the specialist American company Geosyntec Consultants in collaboration with the
Capital Region of Denmark.
In 2011, the first field tests of the method were carried out in the Danish town of
Skuldelev with such success that it was
decided to use the method in a full-scale
remediation project at the site. The fullscale application was initiated in December
2012 and is expected to be in operation for
three to five years. The method is based
on electrokinetically enhanced bioremediation. Bioremediation of chlorinated solvents is most often implemented by adding
specialized bacteria to the soil, which de-

The EK-BIO test site at Skuldelev, Denmark (Source: NIRAS A/S)

grades the contamination, and increasing
their performance by adding substrates. In
clayey soils, which have a very low permeability, the challenge is to ensure contact between the bacteria, the substrate, and the
contamination. Using the EK-BIO method,
an electric field is established in the part of
the soil targeted for remediation in order
to ensure that the remediation reagents
can migrate through the soil and reach the
contamination regardless of soil hydraulic
properties. The amended substrate is polar
and is transported through the soil by ion
migration. The bacteria are transported by
electro-osmosis, i.e. transport with pore
water, induced by the electrical field. The
electrokinetic transport mechanisms are
relatively independent of hydraulic permeability. The use of electrokinetics can thus
facilitate an effective distribution of substrate and bacteria at sites with low permeable or heterogeneous geology.

The EK-BIO test site at Skuldelev, Denmark (Source: NIRAS A/S)

Since the first successful application of
the method in Denmark, the EK-BIO method has achieved widespread recognition
by experts abroad, and has won a prize
for best ‘green innovation’ in the United
States. Furthermore, EK-BIO is currently
being tested in the United States at the
Jacksonville Naval Air Station. If the results
from this test project are as promising as
they were in the Danish project, the method will be used commercially to remediate
contaminated clayey sites owned by the
United States Department of Defense.
www.niras.dk
www.geosyntec.eu/projects/electrokinetic-enhanced-bioremediation-of-chlorinated-solvents-in-denmark
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THE NATIONAL NETWORK OF TEST
AND DEMONSTRATION SITES

CLEANING UP CONTAMINATION
FROM OLD PETROL STATIONS

As the public bodies responsible for managing the remediation of contaminated sites
in Denmark as well as being the developers of these sites, the Danish regions have
a natural interest in developing new and
cost-effective methods which can facilitate future remediation processes. Moreover, they are obligated to support business
development in their catchment area.

All over the world, old petrol stations constitute one of the major sources of soil
contamination. 20 years ago, the same
was true in Denmark. Following the energy
crisis in the late 1970s, a process of reorganization and centralization formed the
Danish market for petrol stations. By 1990,
8,000 of the country’s petrol stations had
closed down leaving behind sites contaminated with petrol and other oil-based substances.

Therefore, the regions have set up a national network of test and demonstration
sites where new methods and technologies can be developed in close collabora-

tion with the private sector and the knowledge institutions. The network consists of
a number of different test sites in terms of
geology, groundwater, and contamination.
This opens up the potential for small-scale
as well as large-scale testing of a wide variety of different types of remediation processes and technologies.

time, the network provides a more systematic framework for collaboration projects,
involving national as well as international
companies and knowledge institutions.

In more general terms, the national network of test sites will contribute to achieving the overall goal of developing faster,
more cost-effective, and sustainable remediation processes in Denmark. At the same

Christian Andersen
Danish Soil Partnership
can@regioner.dk

For more information about the network of
test sites and the opportunity to be part of
a test project, please contact:

In 1992, this led the major companies operating within the Danish oil sector to sign a

voluntary agreement with the authorities
to clean up the contaminated sites, and two
years later the ‘Danish Oil Sector’s Environmental Pool’ became a reality. The companies involved pay a monthly fee based on
their respective sales of petrol. This adds
up to an annual amount of around 2.7 M euros, which has been used every year since
then to clean up the contaminated sites.
By the beginning of 2012, there were only
71 contaminated petrol station sites left in
all of Denmark, and the last of these will be
cleaned up by 2015. The large number of
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remediation projects financed by the Danish Oil Sector’s Environmental Pool since
the beginning of the 1990s has helped
develop the systematic procedure and efficiency which characterize Danish remediation projects today.
www.eof.dk
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DANISH CORE COMPETENCIES
There are just as many different
types of remediation measures and
techniques which can be deployed
in a remediation project as there are
types of contaminants and soil compositions.
Denmark is not a hub for any specific remediation technology; rather, Denmark’s
strength consists of in-depth knowledge
and expertise achieved through many
years of experience, which allow Danish
companies to combine the different available methods and technologies and create
the most cost-effective and sustainable
solutions.
In this regard, the Danish soil and groundwater remediation sector is characterized
by a high level of competence across all
steps of the value chain from mapping of
site and preliminary investigations to fullscale remediation projects (see fig. 10).
This is mainly due to the sector’s many
years of maturation, which has seen the
establishment of a number of well-consolidated and highly professional companies
(see appendix A for an overview of Danish
companies and competencies). However, it
is also due to the unique interplay between
the knowledge sector, the regions, and
the private sector. Through the last four
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Figure 10 -Competency areas of the companies participating in the survey (Source:
DSP survey, n = 82)*
*numbers add up to more than 100% as
companies have activities within several
areas

decades, Danish universities, such as The
Technical University of Denmark and The
University of Copenhagen have supplied
the sector with innovative research and
highly educated labour.
Prevention
Soil and groundwater remediation is by its
very nature a backward-looking process
which deals with the errors of the past. An
often forgotten aspect, which is crucial
to soil and groundwater management in
general, is the prevention of new contamination, for instance in connection with
the production industry or the transport
of already contaminated soil. Over many
years, Denmark has developed procedures
and methods for preventing the spread of
new soil contamination, which means that
soil and groundwater remediation in Denmark truly is a thing of the past. However,
in many places around the world, this is not
the case and soil and groundwater contamination still takes place. The hard-won
lessons learned in Denmark regarding prevention are embedded in the Danish solutions and consultancy services, which are
exported all over the world.
“It is crucial to think about prevention.
The sector should not only focus on
the errors of the past. What about
preventing future contamination?”

Charlotte E. Riis, NIRAS A/S
Risk assessment
The basis of any successful remediation
project is a comprehensive risk assessment, which among other things takes into
account the correlation between the pollution concentration at the source of the
contamination and the concentration in
the aquifer. The preparation of risk assessments is a core competency for many Danish stakeholders working within the sector.
This is also reflected in the survey for the
report, where 59% of the companies indicated that they provide risk assessments
relating to soil and groundwater remediation projects (see fig. 10).
The tools and methodologies for assessing
the health-related and environmental risks

connected with contamination at specific sites are continuously being improved.
One example is a collaboration project
between the Capital Region of Denmark,
Orbicon A/S, the Danish EPA, and the Technical University of Denmark to develop a
common tool for the risk assessment and
benchmarking of different contaminated
sites in order to be able to prioritize which
sites to remediate first. Similar projects are
running in all of the country’s five regions,
which have an interest in improving risk
assessment tools in order to optimize their
efforts to prevent groundwater contamination and protect public health.
Besides this, the risk assessment procedure is firmly anchored to educational
activities based on the latest tools and
knowledge. Each year, The Technical University of Denmark holds a continuing education course on risk assessment attended
by 30-40 people from the sector.
In-situ remediation
56% of the companies participating in the
survey indicated that they provide technology or consultancy services relating to
the in-situ remediation of contaminated
soil. Many different methods for in-situ
remediation exist, and the challenge is to
choose the combination of methods which
is most cost-effective and sustainable given the conditions of the site and the environment in the vicinity. The following is a
short introduction to some of the central
in-situ methods deployed by Danish companies.
In-situ chemical oxidation
In-situ chemical oxidation (ISCO) is a useful method for removing most types of
chlorinated solvents, and light and heavy
petroleum, as well as many types of pesticides. The method can also be used to
remediate PAH contamination. The ISCO
approach employs strong oxidants, such
as ozone, permanganate or hydrogen peroxide, to destroy any problematic contaminants in the subsurface.
Successful use of the method is dependent
on the level of contact between the pollutant and the oxidant as well as an in-depth
knowledge of the natural chemistry of the
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soil. In this regard, the method has seen
significant developments in recent years,
not least in Denmark, where ISCO has been
deployed in several large-scale remediation projects.
Studies show that ISCO is especially efficient in a treatment train approach, where
the method is deployed in combination
with other technologies.12 One such example is surfactant enhanced in-situ chemical
oxidation (S-ISCO) – a method that the Danish company NIRAS A/S among others has
deployed with success.
Soil vapour extraction and air sparging
Soil vapour extraction (SVE) is not the most
widely used method in Denmark, where
the geological conditions with lots of clay
in many places limits its efficiency. Nevertheless, most of the major Danish consultancies working within the sector (see
appendix A) often make use of the method
in connection with other in-situ methods
such as thermal remediation and air sparging.13 The technique is primarily applicable
for the remediation of chlorinated solvents, petrol, petroleum, and turpentine.
SVE functions by applying a vacuum to the
unsaturated zone of the soil through either
vertical or horizontal wells installed within the area of impact. This recovers any
vapours within the soil gas, which in turn
creates a difference in concentration in the
pore-space of the soil. This draws out the
contaminants into the pore-space where it
can be extracted. As a further benefit, the
natural microbial degradation of the contaminants is enhanced due to the inlet of
oxygen caused by the method.
SVE is often used in connection with air
sparging, which is based on the injection of
air into the subsurface of the saturated zone
in order to turn dissolved hydrocarbons into
vapour which can be vented from the soil.
“Every contaminated site is unique
and there is no silver bullet solution.
Success depends on the expertise
to use the right combination of
remediation tools”

Charlotte E. Riis, NIRAS A/S
In-situ thermal remediation
Several techniques for thermal remediation exist. Common to them all is a very
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high removal efficiency, sometimes up to
99.9%, and a short execution time. However, this comes at a cost, and the techniques
are often energy intensive.
For several years, the Danish Company
Krüger A/S14 has been using in-situ thermal
desorption (ISTD) in the form of conductive
heating as a remediation technique. Krüger
works as a sub-licensee of the US company TerraTherm Inc. So far, six full-scale
remediation projects as well as a number
of demonstration projects and pilot tests
have been conducted in Denmark using
ISTD. The patented technique has several advantages, including short operation
time, insensitivity to geological differences, no excavation needed, and a very high
remediation efficiency. Besides this, conductive heating is the only method to raise
the soil temperature significantly enough
to treat heavier boiling components such
as PCBs, dioxin, and lindane.15
The procedure is to install a series of electrically-powered heaters and vapour extraction points in the ground. As the soil
heats up, water and contaminants in the
targeted zone are vaporized. Vapours are
collected at the extraction points operated
by a vacuum unit, and routed into a vapour
processing facility that treats air emissions
to meet the required standards.
Another successful technique for in-situ
thermal remediation is Electrical Resistance Heating (ERH). The method takes
advantage of the soil’s natural electrical
resistance to heat up the soil. This is done
by applying electrical current to the soil via
electrodes. As with the ISTD method, the
resulting vapours are collected and sent to
an on-site after-treatment facility. In Denmark, the only company that makes use of
the ERH method is GEO A/S. However, ERH
is quite commonly used internationally as
the method is not patented.
An alternative approach to in-situ thermal
remediation is Steam Enhanced Extraction
(SEE), which makes use of heated steam
to remove the contaminants from the soil.
SEE functions by pumping steam deep into
the soil, where it is heated. The resulting
expansion of the steam creates pressure,
which forces the contamination to the
surface. The SEE approach is especially efficient for remediation in permeable sediments below the water table. The method
can be combined with ERH and ISTD. This

has been done in a Danish project by the
companies Arkil A/S and Krüger A/S.

so, which bacteria are most suitable for the
process.

Besides the above-mentioned common approaches to in-situ thermal remediation,
various alternative methods are constantly being tested in Denmark. One example is
the use of radio frequency heating (RFH).
The RFH approach has recently been tested with promising results by the Capital
Region of Denmark in collaboration with
the private consultancy Orbicon A/S and
the construction company Frisesdahl A/S
among others. The preliminary test results
showed that the method is well suited for
small-scale in-situ remediation projects
at sites which are difficult to access (e.g.
remediation of soil under private homes).
Another example is the use of gas burners
to heat up the soil. The Danish companies
Arkil A/S, FORCE Technology, and Orbicon
A/S have tested this method with promising results in collaboration with the Capital
Region of Denmark.

In-situ biological remediation has a number
of advantages in comparison to other remediation techniques. First of all, it causes
minimal disturbance to the environment
at the contamination site, as the need to
remove or replace soil is limited. This also
makes in-situ bioremediation measures
cheap in comparison to many other remediation measures, as there is no need
to transport contaminated materials for
ex-situ treatment.

“Because of our holistic approach and
many years of trial and error, we know
what works and what does not work”

Troels Wenzel, COWI
In-situ biological remediation
A number of Danish companies excel in this
type of remediation measure, which relies on microorganisms to break down the
organic contaminants present in the soil.
In general, in-situ biological remediation
takes place naturally and might take a long
time. Therefore, a widely used method is to
stimulate (biostimulation) the remediation
process by adding different nutrients and
other substances to soil which act as catalysts for the natural attenuation process.
Moreover, some contaminants or site conditions may require the addition of specific
fungi and/or bacteria to the soil which help
speed up the process further (bioaugmentation).16
A decision tool for estimating the optimal
stimulation process of naturally occurring
bacteria in a given contaminated soil has
recently been developed in a collaboration
between the Danish Technological Institute, the University of Aalborg, and the
private companies bioREM ApS and DGE
Group. The tool can also be used to assess
whether it is beneficial to use the bioaugmentation approach at a specific site and, if

12	Source: Tsitonaki & Bjerg 2008. In-situ chemical oxidation – state of the art.
13	Source: Vakuumventilering - erfaring med monitering og optimering af drift. The Danish Environmental Agency. 2004
14	Krüger is part of the Veolia Group
15	Source: ATV Jord og Grundvand 2012. Afværgeteknikker - State of the Art
16	Source: Anbefalinger til sagsforløb ved in-situ oprensning af jordforurening, bilag C. In-situ metoder. The Danish Environmental Protection Agency.

However, the method can only be deployed
for some types of soil, and natural conditions which have an impact on the bioremediation process, such as temperature
and weather conditions, are very difficult
to control. In some cases, ex-situ bioremediation might therefore be a preferable alternative.
Phytoremediation
Remediation of contaminated soil using
green plants and trees – phytoremediation
– has received some attention in Denmark
where several tests of different phytoremediation methods have been conducted.
One example is a current project being conducted by the Capital Region of Denmark in
collaboration with GEO A/S, which aims to
clarify the heavy metal uptake potential of
a specific tropical fern. Even though phytoremediation can be used for remediating
organic pollutants as well as heavy metals,
the method is not deployed very often as
the remediation process is very time consuming and only suitable for contamination near to the surface.17 Nevertheless,
the method can be a useful supplement to
other remediation techniques if the right
conditions are present. The Danish company Arresø Pil is one of the companies which
deploys this method.
Indoor climate management
As a natural consequence of the relative
pressure under a building, there is a risk
of contaminated soil gas seeping through
the building envelope and entering the
indoor climate. The soil gas most often
enters through cracks and fissures in the
floor slab, but in recent years significant
transport of contaminants through other
pathways, including sewage pipes, has also
been documented.
Recently, indoor climate management in

relation to contaminated soil gas has received a lot of attention in Denmark where
several R&D projects have been set in motion in order to determine the entrance
routes of the soil gas and possible ways of
sealing the building envelope. Experience
has shown that sealing the building envelope can limit the contamination level by
a factor of 10, and if the sealing is done in
connection with other remediation measures, then the pollutant concentration in
the indoor environment is reduced by a factor of up to 200.18
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ny’s 22 national soil treatment facilities.
RGS90 mainly uses bioremediation techniques to remediate the soil before it is recycled in new construction projects.
“Remediation processes do not
necessarily necessitate big, hightech equipment. What is vital is the
knowhow and expertise that we have
built up in Denmark during the last
three decades”

Thomas Munksgaard, RGS90
Ex-situ remediation
Traditional remediation involves excavating the contaminated soil and disposing
of it in another location. In Denmark, it is
estimated that approximately 80% of all
remediation processes take place ex-situ, meaning that the contaminated soil is
first excavated and transported away from
the contaminated site.19 The predominant
position of ex-situ remediation is also reflected in the survey, where approximately
a quarter of the companies indicated that
they provide technology or consultancy
services related to the ex-situ remediation
of contaminated soil.
Over the years, a so-called pre-classification of soil before excavation has been
developed by Danish consultants to optimize the costs of ex-situ remediation. This
means that the soil to be excavated is classified according to its level of contamination prior to excavation through a network
of boreholes and soil sampling at different
depths. During excavation the soil can then
be separated into different classes according to the results obtained. This avoids the
mixing of heavily contaminated soil with
less contaminated soil, and the most suitable ex-situ method for the level of contamination can be selected.
Ex-situ remediation is often preferred over
in-situ methods as it is an environmentally
safer, cheaper and faster way to remove
any contaminants from a site. This is especially the case in relation to construction
projects where there is not enough time to
wait for an in-situ remediation process to
be completed.

Reuse of soil
Every year, a large quantity of clean as well
as contaminated Danish soil is removed
from its original location due to construction and/or remediation activities. There
are no official estimates as to the annual
amount; however, a survey conducted for
the Danish EPA estimates that from 2007
to 2010, the three biggest soil treatment
facilities in Denmark received more than 10
M tons of soil. Within the same period, the
Danish Road Directorate reused around 18
M tons of soil in different projects. Lastly,
the survey estimates that more than two
million tons of soil have been put directly
to use in new construction projects, such
as noise barriers along roads and motorways, coastal protection, land reclamation
or landscape modelling.20
Fig. 11 provides an overview of the different types of soil reuse projects in Denmark
in the period 2007-2010. As can be seen,
the majority of the soil is used for landscape modelling or noise barriers. 40% of
the companies participating in the survey
for this report state that they engage in
activities relating to the reuse of soil (see
appendix A).
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(e.g. harbour projects)

RGS90 is the largest private company on
the Danish market providing ex-situ soil
treatment. Every year, the company receives approximately one million tons of
soil, which is treated in one of the compa-
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Figure 11 - Overview of the types of soil reuse projects in Denmark (Source: MST Miljøprojekt 1378, p. 18)

17	Source: Teknologiudvikling inden for afværgeforanstaltninger over for jord- og grundvandsforureninger i Danmark. The Danish Environmental Protection Agency. 2009
18	Source: ATV Jord og Grundvand 2012. Afværgeteknikker - State of the Art
19	Source: Brancheanalyse for jordforureningssektoren. The Danish Environmental Protection Agency. 2013. Measured by soil volume.
20	Source: Status for genanvendelse af jord. The Danish Ministry of the Environment. 2011. P. 16.
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SORBISENSE FLUXSAMPLER –
MAKING THE PRIORITIZATION
OF DIFFERENT REMEDIATION
PROJECTS EASIER
One of the problems facing public authorities is how to prioritize public remediation
projects in order to manage the sites which
pose the greatest threat to the groundwater first. So far, this prioritization has been
made using measurements which show the
level of contamination in the soil and/or
groundwater. However, high levels of contamination do not necessarily pose a major
threat to the groundwater if the contamination is only moving slowly through the
soil. Likewise, even relatively low levels of
contamination might pose a threat if they
are moving rapidly towards a groundwater extraction zone. Therefore, in order to
be able to make sound decisions regarding
the ranking and prioritization of different
soil remediation projects, it is necessary
to gain information about the flux (i.e. flow
and direction) of the groundwater.

Photo of the Fluxsampler (Source: Sorbisense A/S)

Sorbisense Fluxsampler is the name of a
new metering technology which allows
users to measure the flow and direction of
groundwater directly in a single field measurement. This will serve as a vital tool for
the public authorities’ efforts to prioritize
soil remediation projects. Furthermore,
the method is also very suitable for the
evaluation of ongoing remediation, plume
delineation, and long-term monitoring.
The Fluxsampler has been developed
through a public private innovation partnership between the consultancy company
Grontmij A/S, the Capital Region of Denmark, and the private technology company
Sorbisense A/S. The technology was developed on a test site owned by the Capital
Region of Denmark, which served as a laboratory for technology development and the
implementation of new solutions. The new

technology is therefore a good example of
how collaboration between the public and
private sector can support and promote innovation.
www.sorbisense.com
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REMEDIATION OF DIOXIN SOIL
CONTAMINATION AT DA NANG
AIRPORT IN VIETNAM

Case study

Krüger/Veolia is involved in a large-scale
remediation project at Da Nang Airport in
Vietnam. During the Vietnam War the site
was used as a storage facility for Agent
Orange. This contaminated around 73,000
cubic metres of soil and sediments with dioxin. Krüger A/S is working as subcontractor to the U.S. company TerraTherm Inc for
the implementation of the project, which is
expected to be completed in 2016.
In 2010, USAID carried out an Environmental Assessment that analyzed conditions at
Da Nang Airport and evaluated a number of
possible dioxin remediation technologies.
After carefully assessing all remediation
alternatives, including a passive landfill,
and bioremediation, the U.S. and Vietnamese governments identified the use of InPile Thermal Desorption (IPTD) as the most
effective and best-proven technology for
the remediation process. Besides this, the
technology was considered to have the
lowest potential impact on human health
and the environment given the specific
conditions of the site.

Photo from the Da Nang Airport project (Source: USAID)

IPTD is an innovative technology that uses
conductive heating and vacuum extraction
to remediate contaminated soil and sediment. The excavated soil and sediment is
placed into a completely enclosed aboveground pile structure. The pile of soil and
sediment is 70 metres wide and 100 metres long. Including top and bottom insulation, the pile stands some eight metres
high. The soil and sediment is heated to 335
degrees Celsius (°C) by the use of 1,254
vertically installed heater elements. Heater elements operating at temperatures
of approximately 750 to 800°C raise the
temperature of the entire pile to at least
335°C. At that temperature, the molecular bonds holding the dioxin compound together break, causing the dioxin compound
to decompose into other, manageable substances, primarily CO2, H2O and Cl2.
It is expected that over 95% of the dioxin
will be destroyed through the thermal desorption heating process. Any dioxin that
vaporizes will be vacuumed out and captured in a secondary treatment system for
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liquids and vapours extracted from the pile.
The secondary treatment system will ensure that no dioxin or other contaminants
are released into the environment. Treated
soils and sediments will be removed from
the containment structure and will be safe
for industrial and commercial use according
to the dioxin standards applied by the Vietnamese government, as well as U.S. Government dioxin standards for cleanup sites
in the United States.
www.kruger.dk/da/media/allereferencer/34664.htm
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NORTHPESTCLEAN –
DEMONSTRATING A NOVEL
METHOD OF PESTICIDE
REMEDIATION
NorthPestClean is the name of a largescale demonstration project which aims to
demonstrate the efficiency of “in-situ alkaline hydrolysis” (ISAH) for the remediation
of pesticide-contaminated soil.
The demonstration facility is located at
“Groyne 42”, which is an old chemical dumpsite located on the banks of the North Sea
in the western part of Denmark. Between
1953 and 1962, the site became a dumping
ground for toxic production waste from a
nearby chemical plant. In addition to this,
the Danish State dumped around 40 tons
of chemical waste at the site, leading to severe contamination of the soil. Since then,
several attempts have been made to remediate the site, which nevertheless still contains an estimated 100 tons of highly toxic
organophosphorous pesticides. In 2006, an
extensive effort was made to encapsulate
the contamination by a steel sheet piling
in order to prevent any further leakage
into the nearby ocean. At the same time,
several feasibility studies and laboratory
tests were conducted in order to decide on

Preparation of a test cell, Groyne 42 (Source: NorthPestClean)

the optimal solution for remediation of the
site, and ultimately the ISAH approach was
chosen for further experimental testing.
At the time, the method was completely novel and had never before been used
for the large-scale remediation of soil and
groundwater contaminated with pesticides. However, Danish laboratory experiments and small-scale field trials of the
technology had shown promising results.
The basic concept of the ISAH method is to
first degrade the pesticides under alkaline
conditions in the soil through hydrolysis
and then use pump-and-treat to remove
the contaminants. The demonstration experiments were carried out in three test
cells (10m x 10m) constructed in the hotspot area of the former chemical dumpsite. COWI was the main consultant on the
NorthPestClean project A/S with Rambøll,
Geosyntec, Kogsgaard Miljø, and Aalborg
University as sub-consultants.
The overall conclusion from the demonstration experiments is that the in-situ alkaline

hydrolysis method can be used as a new
technology to remediate pesticide-contaminated soil and groundwater at Groyne
42. After two caustic soda treatments and
two-and-a-half years, the following remediation efficiencies were found: ethyl-parathion 20-60%, methyl-parathion >90%,
malathion >95%, and ethyl-sulfotep
>70% . When the results from the pilot experiments are applied to a design for a fullscale remediation project at Groyne 42,
it means that the caustic soda treatment
will have to be repeated 8 times before
sufficient ethyl-parathion is degraded and
removed. A full-scale remediation project
with in-situ alkaline hydrolysis at Groyne
42 will take about 10 years.
The NorthPestClean project has successfully contributed to the development of a
new “tool” to be used in the remediation
of pesticide-contaminated soil - a tool that
may be used at pesticide-contaminated
sites similar to Groyne 42 around the world.
www.northpestclean.dk
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FRAMEWORK FOR PROMOTING
LOCAL REUSE OF SOIL

Soil stabilization by Arkil A/S (source: Arkil A/S)

Case study

Every year, Danish soil transporting trucks
drive around 127 million kilometres to
transport soil from one place to the other,
making up more than 15% of all transportation work in Denmark.21 Leftover soil from
construction sites should be considered
as a resource rather than waste. If a more
systematic approach to the reuse of soil is
included earlier in the planning process of
new construction projects, it will be possible to save money on transport and protect
the environment from unnecessary carbon
emissions. This is the point of departure for
a new development project called ‘Holistic
and sustainable soil management’, which
aims to promote the reuse of leftover soil
from building projects.

One of the initiatives set in motion to realize this goal is an online ‘soil dating portal’,
which is set to go live by the end of 2014.
The portal provides a platform which connects stakeholders in possession of leftover soil from a construction project or the
like with stakeholders who are looking for
cheap soil for a new construction project.
For instance, some of the biggest public
land and building developers, such as Rail
Net Denmark and the Danish Road Directorate, transport vast amounts of soil every
year without knowing whether this soil
could actually be used in nearby construction projects. The soil dating platform will
be a means of finding this information.

21	Source: www.e-dialog.dk/byggeri/send-din-jord-pa-date-og-spar-co2-og-penge/
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Another initiative in the project is to develop ways to use more soil instead of gravel
and sand as a stabilizer for construction
projects (e.g. roads and railways). A number of options exist for stabilizing the soil,
for instance by adding binders. The overall
goal of the project is to halve the need for
soil transport on Danish roads by 2016 by
promoting local reuse and recycling of the
soil.
www.bygherreforeningen.dk/english
www.niras.dk
www.grontmij.dk
www.regionh.dk/english
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PURIFIED SOIL REUSED
FOR LAND RECLAMATION

Case study

The Danish city of Køge is currently developing a completely new urban area by the
sea. In order to make room for industry and
housing, an area of more than 100,000
square metres is being reclaimed from
the sea for urban development. The many
tons of soil needed for such a project are
brought from sites all over the country,
and are remediated at the local Jordrens
Køge ApS soil treatment facility situated
on site. As the Danish standards and regulations for the reuse of soil are very strict,
the purification level of the remediation
process has to be exceptionally high. This is
achieved using the BioBoxTM system developed by the Danish technology company
Cleanfield Denmark ApS.
The BioBox™ approach is a biological remediation process in which a bio-cocktail
is used to decompose the contamination in
the soil. First, the soil is placed in a number

Photo of the land reclamation project in Køge (Source: Cleanfield ApS)

of long, trapeze-shaped piles, which are
equipped with smart sensors to enable the
monitoring of the remediation process in
each individual pile. The piles typically contain between 600 and 3000 tons of soil,
but in theory there is no limit to the size and
number of piles in the system. The facility
at Jordrens Køge ApS uses around 50 piles.
However, it is possible to scale the system
according to the capacity needed. The piles
are connected to a circular tubing system
which transports the bio-cocktail to the
individual piles. The system is completely
closed, meaning that the water used for
the remediation process is continuously reused. The process of mixing the bio-cocktails for the system as well as monitoring
the remediation process takes place in the
BioBox™ itself, which is essentially a container. The BioBox™ is equipped with computers that enable smart monitoring and
the remote control of the entire process.

Another central aspect of the BioBox™ system is that it is able to constantly change
the composition of the bio-cocktails used
for the remediation process according to
the conditions in each individual pile. This
unique dynamic recipe system optimizes
the decomposition process as it is based
on real-time information collected from
each pile 24/7. This means that if data
from one pile shows that the process can
be optimized by using a different recipe, a
new cocktail is mixed specifically for that
individual pile for that specific situation.
Every pile in the system can be remotely
supervised and accessed, which provides a
unique online picture at a total system level as well as at a much smaller level. It takes
around 20 minutes to make a new bio-mixture, so the process can in theory be optimized almost in real time.
www.cleanfield.com
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Appendix A

CONCLUSION
Soil and groundwater are precious non-renewables which should be preserved for
future generations. In this regard, the soil
and groundwater remediation sector is
of crucial importance not just in terms of
cleaning up the sins of the past, but also in
the struggle to prevent new contamination
from taking place. Danish companies and
public authorities have the capacity and
the knowhow needed for complex remediation projects all over the world. Many
years of experience enable them to put
together the integrated and holistic solutions required.
This report presents 82 stakeholders
working within the Danish sector for soil
and groundwater remediation. The report
creates a picture of a sector which is generally very open towards collaboration with
foreign stakeholders, and which is highly
focused on exporting solutions abroad.

Furthermore, it underscores the high level
of competence within all steps of the value
chain which exists in Denmark, from the
initial mapping of contaminated sites to
large-scale remediation using a wide variety of different methods and technologies.
In this regard, the public authorities play a
crucial role as knowledge providers, investors, and project partners.
Denmark is also an ideal place to test and
demonstrate new solutions for soil and
groundwater remediation. A national network of test sites is available to foreign
companies and knowledge institutions
which have an interest in collaborating
with Danish stakeholders to generate the
solutions needed. The public authorities
are willing to invest in new development
projects, and the Danish universities are
contributing with cutting-edge knowledge
and expertise.
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Overview of Danish companies
Lastly, Denmark’s many years of experience have created a unique management
system in the country, which is highly systematized and coordinated in its efforts to
handle soil and groundwater contamination. The openness and willingness of Danish stakeholders to bring this knowledge
to new collaboration projects with foreign
stakeholders makes Denmark an ideal common ground for clean soil.
“Danish solutions stand out because
they have been built up over many
years of experience”

The matrix contains information about 82 companies
working within the Danish sector for soil and groundwater
remediation. It lists their size, the number of employees
working directly with soil and groundwater remediation,
and the types of services they provide for soil and groundwater remediation processes.
Information in the company matrix derives from the survey carried
out for the report and has been provided by the companies. The
symbols in the matrix are as follows:
Type of product:
✖ = Technology provider
● = Consultancy service
▲ = Contracting service
■ = Laboratory service

Number of employees:

○ = 1-10
○○ = 11-50
○○○ = 51-100
○○○○ = 101-250
○○○○○ = 251-500
○○○○○○ = >500
● = employees working on tasks related to soil and groundwater
remediation
○ = employees not working on tasks related to soil and groundwater remediation
Companies which are not included in the list but wish to be so can
write to jom@cleancluster.dk to be added to the online pdf.

Maiken Faurbye, Krüger A/S
TransporMapping of InvestigaIn-situ
tation of
Ex-situ
Laboratory
contamina tion & risk
remediation contamina remediation analysis
ted sites assessment
ted soil
3xBBB Rådgivende
Ingeniør ApS

◐
AKTOR innovation ApS

◐

✖●

ALcontrol AB

●○○○○○

●

✖●

✖●

●

●

■

●

Reuse
of soil

✖●

●■

◐
ALECTIA A/S

●

Field
analysis

●

✖●

●■

■

●○
Arkil A/S

✖▲

●●○
Bech-Bruun

●

●○○○○
●
Biorem ApS

●
Bjergegaard & Ottesen ApS

●○

(Legal advice)

▲

▲

✖

✖

✖● ▲

✖●▲

Boes Consulting

Boregruppen A/S

▲

✖●▲

▲

▲

✖

✖

▲

✖●▲

●

◐
◐

Other

●

Analytech
Miljølaboratorium A/S

BHC Miljø ApS

Production
of material
equipment

●▲■

●▲■

●
(Soil stabilization)
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TransporMapping of InvestigaIn-situ
tation of
Ex-situ
Laboratory
contamina tion & risk
remediation contamina remediation analysis
ted sites assessment
ted soil
Borgen Kloakservice A/S

▲

▲

▲

▲

●

●

✖●

✖●

✖●

✖●

✖●

●

●

◐
Butler Boreteknik

◐
Central Denmark Region

●●○○○○

●

Cleanfield ApS

●●
COWI A/S

●●●●○○
Danish Technological
Institute

●○○○○○
Danish Water Solution A/S

Field
analysis

●

✖●

✖●

●

✖●

●

■

●

DGE Miljø- og Ingeniørfirma
A/S (DGE Group)

●●●○

●

●

✖●

✖●

✖●

✖●

✖●

DSV Transport A/S

✖

●○○
●●

✖●▲■

✖●▲■

✖

✖●

✖●

●

●

●

●

Eurofins Miljø A/S

●●○○○○
Hundsbæk & Henriksen A/S

✖●

◐○
▲
(Groundwater
models)

✖●■

✖▲■

■

✖●▲■

✖●▲■

● ▲■

● ▲■

● ▲■

● ▲■

■

● ▲■

■

✖ ●■

● ▲■

✖●▲■

● ▲■
(Project design and
monitoring)

✖ ●■
(Investigation of
acute contamination)

✖●■

✖●■

✖●

✖●

✖●

✖●

✖●

✖●

✖●

●▲

●▲

●▲

●▲

●▲

●▲

●▲

●

●

■

✖●▲ ■ ✖●▲ ■ ✖●▲ ■

■

✖●▲ ■ ✖●▲ ■
✖
(IT software solutions)

▲
✖
(Supply of HDPE
membranes for remediation projects)

✖●

✖●

✖●

●●

Kingo Karlsen A/S

Other

●

Jordrens Syd ApS

●●○○

Production
of material
equipment

(IT software solutions)

◐

◐
✖●■

✖▲■

John Hunderup
Import & Export

●

Jysk Jordstabilisering

■

■

◐

●

▲

✖●▲■

Reuse
of soil

I-GIS A/S

✖●▲■

✖●

FMT A/S

●

●○○○

(Water purification)

●○

●

IF Recycling A/S

Jordrens Køge ApS

◐

✖●▲■

●●●

◐
●

✖ ● ▲■

Højvang Laboratorier A/S

Jacob Post

FJ Separation ApS

●○○

Grontmij A/S

■

●●○○○

Franck Geoteknik A/S

Golder Associates

■

●

●

●
◐○

●■

✖●▲■

●▲■

◐○
●●○○

●

●

Geoscandic A/S

✖

✖●▲■

Ejvind Laursen A/S

EKJ rådgivende
ingeniører A/S

●

■

●○○○○

●○
●

●

●

Geokon A/S

GeoMiljø Miljørådgivning

✖

DHI

Ejlskov A/S

●

✖●▲■

Field
analysis

▲

●
●

(Project design and
monitoring)

✖●▲■

Geo- og Miljøboringer ApS

Geo Solutions

✖●

✖▲■

◐○
●●○○○

(regulatory functions)

◐

Genknus.dk

Geo A/S

▲

✖●

TransporMapping of InvestigaIn-situ
tation of
Ex-situ
Laboratory
contamina tion & risk
remediation contamina remediation analysis
ted sites assessment
ted soil

Other

▲

Dansk Affaldsforening

●●●

Production
of material
equipment

(Sludge dredging)

✖

●

Dansk Miljørådgivning A/S

Reuse
of soil
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✖●

✖●

✖▲

✖●

✖●

✖▲

▲

▲

✖▲
(Soil stabilization)
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TransporMapping of InvestigaIn-situ
tation of
Ex-situ
Laboratory
contamina tion & risk
remediation contamina remediation analysis
ted sites assessment
ted soil

Field
analysis

Reuse
of soil

KMC Nordhavn

●

(Soil landfilling)

●

●

Krüger A/S

●

Marius Pedersen A/S

▲

●○○○○○
Meldgaard Miljø A/S

●○○○○
●○○○
Miljøtek ApS

●
MOE A/S

●●○○○○
MT Højgaard

●●○○○○

●●●●●○

✖

●

●

●

●

●

●

●

●

●▲

●▲

●▲

●▲

▲

▲

■

▲

●

●

✖●

✖●

✖●

Rambøll Danmark A/S

✖

✖

●

●

■

●

●

✖●▲

✖

✖

The North Denmark Region

●○○○○○
TJO A/S

▲

◐○

ZenZors A/S

◐

●
(soil vapour screening and direct-push
using Geoprobe)

●■

●

●

●

■

●

●

●
(regulatory
functions)

✖●▲

✖
(Mapping of contamination using
heliborn TDEM)

●

✖●

✖●

●

●

✖●

●

●

●

✖●
●
(regulatory
functions)

●

The Danish Nature Agency

●■

●

✖●▲

(Mapping of Danish
groundwater)

●○○○○○

▲

●

●■

●
●●●○○○

Sorbisense A/S

◐

✖●

▲

Probing.dk (part of COWI)

●

●

●○

●

Other

●

SkyTEM Surveys ApS

✖

●

●

●

●

(regulatory
functions)

▲

▲

■

▲
▲■
(Drinking water
production)

■

●○

◐○

●●●○○

●

✖●▲

✖

Production
of material
equipment

●

VBM Laboratoriet

Nykøbing Mors dag og
industrirenovation

Orbicon A/S

●

Reuse
of soil

(regulatory functions)

◐○

◐

●●

●

Field
analysis

TREFOR Vand A/S

Nomi4s

Oliebranchens Miljøpulje

●

◐○

●▲

▲

●

RGS90 A/S

●●●○○○
●

●

●●○○

The Capital region of
Denmark

■

●

Rotek A/S

▲

●●○○○○

NIRAS A/S

✖

●

NCC

◐○

✖

●

◐○

●

▲

●

Møller & Co. A/S

Nielsen & Risager A/S

●

▲

●●●○○○
●●●○○○

(Operation and
monitoring)

▲

Region of Southern
Denmark

Region Zealand

●

●

●●○○○

Midtconsult

●

TransporMapping of InvestigaIn-situ
tation of
Ex-situ
Laboratory
contamina tion & risk
remediation contamina remediation analysis
ted sites assessment
ted soil

Other

✖

●●
Kogsgaard Miljø ApS

Production
of material
equipment
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✖

■

✖

✖
(Metering and sampling equipment)
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List of organizations and associations

List of knowledge institutions

Name

Area of focus

Website

Name

Areas of expertise

website

ATV Foundation for Soil
and Groundwater

The Foundation is actively working to promote the dissemination and
exchange of knowledge about soil and groundwater contamination. It
is striving to stimulate and initiate teaching, research, and development, and strengthen the academic debate.

www.atv-jord-grundvand.dk

Danish Technological Institute

In-situ measuring of contaminants

www.teknologisk.dk

DHI

www.dhigroup.com

CLEAN

A national Danish cleantech cluster organization working to promote
green growth and employment in Denmark. The cluster is comprised
of more than 175 members across the triple helix, incl. companies,
knowledge institutions, and public authorities.

www.cleancluster.dk

DHI has comprehensive theoretical knowledge about the behaviour
of chemical substances in soil and groundwater. DHI also has substantial knowledge and experience in the development and implementation of strategic tools for the characterization and management of
soil.
Super critical solvent technology

www.ruc.dk/nsm

The Danish Geodata Agency ensures that geographical information
about land and sea is collected, quality checked and made accessible
on the internet. The Danish Geodata Agency houses the Centre of
Expertise for Spatial Information for the Ministry of the Environment
and thus plays a central role in organizing the use of shared public
data, which will form the foundation of a more efficient and modern
public sector.

www.eng.gst.dk

Roskilde University: Dept. of Science, Systems, and Models
Technical University of Denmark,
DTU: Dept. of Civil Engineering,
Section for Geotechnics and
Geology

Electrodialytic remediation of heavy metal contamination in soil

www.byg.dtu.dk

The Danish Soil Partnership is a platform for all actors in the soil
remediation sector - EPA, local government, consultants, contractors,
technology developers and research institutions. The objective of the
Danish Soil Partnership is to promote the development of contaminated soil solutions and to market Danish solutions internationally.
The Danish Soil Partnership is a strong public-private partnership
between the Danish EPA, the regions, the Danish Association of
Consulting Engineers, the Innovation Network for Environmental
Technologies, Danish Environmental Technologies, and the ATV
Foundation for Soil and Groundwater.

www.danishsoil.org

Technical University of Denmark,
DTU: Dept. of Environmental
Engineering

Soil and groundwater remediation (i.e. monitored natural attenuation, in-situ chemical oxidation, phytoremediation, reductive dechlorination, sequential remediation technologies, LCA and sustainability), risk assessment of water resources. The department is involved
in several innovation and research projects with national stakeholders (consultancy companies, regional authorities, the Danish EPA)
and research partners

www.env.dtu.dk
www.sara.env.dtu.dk
www.remtec.dk
www.geocon.env.dtu.dk

The Geological Survey of Denmark
and Greenland (GEUS): Dept.
of Geochemistry and Dept. of
Hydrology

On-site remediation of soil contamination. Bioavailability of polyaromatics

www.geus.dk

University of Copenhagen: Centre
for Environmental and Agricultural
Microbiology

The Centre for Environmental and Agricultural Microbiology (CREAM)
is engaged in specific activities related to soil pollutant degradation
and impacts, soil remediation and groundwater protection.

www.cream.ku.dk

University of Copenhagen: Centre
for Hydrology

Development of new methods and technologies for a) soil remediation, b) heavy metals, mobilization, containment in the soi l, and plant
uptake (Denmark and the Arctic Region).

www.geo.dk

University of Copenhagen: Dept. of
Chemistry

Mobility of chemical substances and their decomposition in soil.
Chemical reactions between pollutants and different soil compositions and combination with soil microbiology.

www.igm.life.ku.dk

University of Copenhagen: Dept. of
Plant and Environmental Sciences,
Section for Plant and Soil Science

The group has strong competencies relating to organic matter,
nutrients and pollutants in soil and their effect on the soil’s function
as a filter.

www.plen.ku.dk/english/
research/plant_soil

University of Southern Denmark;
Faculty of Science, Dept. of Biology

Methods and techniques for the remediation of soil and groundwater
contamination with chlorinated solvents.

www.sdu.dk/Om_SDU/
Institutter_centre/I_Biologi.aspx

Danish Geodata Agency

Danish Soil Partnership

Danish Waste Association

The Danish Waste Association is a political interest organization con- www.danskaffaldsforening.dk/english
sisting of municipal waste entities. Its mission is to create value for its
members by working for an improved and transparent waste management system that respects the environment, climate, and resources.

Danish Soil Science
Society

The Danish Soil Science Society promotes soil science, the dissemination of knowledge, and education in soils and soil functioning.

www.dansoil.dk

DANVA

DANVA is the Danish interest group for companies working with
water and wastewater.

www.danva.dk

Geoforum

Geoforum Denmark is the Danish Association for Geographic Information and is an NGO.
The aim of Geoforum Denmark is to work nationally to promote the
benefits of geographic information for Danish society.

www.geoforum.dk

Jordportalen

Jordportalen (“the soil portal”, ed.) gives a comprehensive overview of
land plots in Denmark which are for sale or rent.

www.jordportalen.dk

Jordweb.dk

Jordweb is an online registration platform for the transportation of
soil in Denmark. Jordweb can be used by municipalities, treatment
facilities and private companies.

www.jordweb.dk

University of Southern Denmark;
Faculty of Science, Dept. of Physics, Chemistry and Pharmacy

Soil and archeo chemistry

www.sdu.dk/Om_SDU/
Institutter_centre/lfk_
fysik_og_kemi.aspx

The Danish Natural Environment Portal

The Danish Natural Environment Portal is the gateway to data about
nature and the natural environment in Denmark. DKjord (“DK soil”,
ed.) is part of the database and contains comprehensive information
about Danish soil, contamination, groundwater etc.

www.miljoeportal.dk/English

Aalborg University: Dept. of
Biotechnology, Chemistry and
Environmental Engineering

Transport of gaseous substances in the soil; in-situ bioremediation;
soil physics. Treatment of soil and groundwater by using advanced
chemical and electrochemical technologies.

www.bio.aau.dk

The Information Centre
on Contaminated Sites

The Centre maintains the interests of the Danish regions in terms of
soil and groundwater policy. It is also tasked with gathering, analysing and disseminating knowledge on soil and groundwater contamination. The Centre is the platform where the five regions of Denmark
develop and exchange knowledge on best administrative practice and
new technology.

www.jordforurening.info

Aarhus University: Danish Centre
for Environment and Energy, Dept.
of Bioscience

Quantification of endocrine disrupting effects.

www.biology.au.dk/
index.jsp

Aarhus University: Dept. of Agroecology

Basic science research into transport processes in soils. Focus on
transport in both liquid and gas phase and mobile particles.

www.agro.au.dk/en

Environmental economy, environmental chemistry

www.envs.au.dk

A network of more than 120 Danish companies, primarily SMEs, and
universities, working to promote innovation, knowledge sharing, and
internationalization of Danish environmental solutions within soil, air,
waste, and water.

www.inno-mt.dk

Aarhus University: Dept. of Environmental Science
Aarhus University: Dept. of Geoscience

A large and internationally renowned group that researches, teaches
and disseminates innovative methods for the mapping of aquifers.
The group engages in significant international cooperation.

www.geo.au.dk

Aarhus University: Dept. of Molecular Biology and Genetics

Plant biotechnology

www.agrsci.dk/gbi

The Innovation Network
for Environmental Technologies
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Learn more about the Danish sector for soil and
groundwater remediation. Find more cases
and connect with Danish expertise at:
STATEOFGREEN.COM/SOIL-QUALITY

ABOUT STATE OF GREEN

ABOUT CLEAN

State of Green is a public-private partnership founded by the Danish Government, the Confederation of Danish Industry, the Danish
Energy Association, the Danish Agriculture & Food Council and the
Danish Wind Industry Association.
H.R.H. Crown Prince Frederik of Denmark is patron of State of Green.

CLEAN is a green cluster organisation in Denmark with more than
170 members from the entire cleantech eco-system, including
companies, knowledge institutions and public authorities. CLEAN
facilitate partnerships, drive projects, boost innovation and entrepreneurship, support internationalisation and much more to
achieve our goal of generating green growth in Denmark.

As the official green brand for Denmark, State of Green gathers all
leading players in the fields of energy, climate, water and environment and fosters relations with international stakeholders interested in learning from the Danish experience.

CLEAN is the main entry point for concrete business opportunities
in Danish cleantech. CLEAN can provide you with an overview of
the Danish cleantech market, interesting projects and connections
to Danish and international key stakeholders.

Connect through: www.stateofgreen.com

Connect through: www.cleancluster.dk

