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Introduction
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Towards the world’s most efficient
resource facility
It is a fact: The world’s most efficient resource facility and
knowledge platform for wastewater treatment will be located in
Aarhus. Close to the city. Close to the sea. Close to the citizens.
Aarhus ReWater will receive our wastewater and transform it into
new materials, new products and new energy for the next 50
years. At least.
We are already experiencing this return on wastewater in the
form of heating, biogas, electricity and fertiliser. In the future,
proteins and perhaps even medicine may be produced from
wastewater. In the long term, it is all about keeping an open
mind. However, this requires an innovative approach, and therefore we have formulated an innovation strategy as an impetus for
the further development of Aarhus ReWater.
Aarhus ReWater represents a revolutionary way of looking at
wastewater and our total resources—a continuous rethinking of
how we make good things even better. With Aarhus ReWater,
we are going to solve one of Denmark’s major challenges: How
to make room for continued growth in Aarhus while observing
the demand for CO2 neutrality and taking on a greener approach? As a CSR certified company, we are aware of our
responsibility, and we are incorporating the UN’s 17 Global
Goals as part of Aarhus Vand and Aarhus ReWater.

undergoing development and adaptation. It is not about maintaining status quo. It is about what things may turn into—through
dialogue and cooperation. More than anything, Aarhus ReWater
will come to be experienced as a renewable resource for the
city, for Denmark and for the world.

The wastewater treatment challenge
Population
Population growth
~5,000-6,000/year

It will be a place where citizens can experience the difference
that circular economy can make—even to life in the Bay of
Aarhus—where neighbours can enjoy spectacular architecture
and recreational areas; where the things we normally discard will
change into something meaningful and useful; where students
and companies from around the world can toy with new ideas
and new business projects, launch concepts and test what is
ready to take off. In short: Aarhus ReWater will be a place where
the total effect is always greater than the sum of the individual
parts. At the same time, it will be part of an upcoming water
cluster—a community for stakeholders in the water industry,
who—through collaboration and shared interests—help
strengthen the water sector nationally as well as internationally.

Political objective of
zero growth

As the world’s most efficient resource facility, Aarhus ReWater
will contribute to a cleaner and more attractive Aarhus. It will be a
symbol of all the things we can achieve in the city and which we
would proudly want to pass on to future generations.

Discharge

For this very reason Aarhus ReWater will never be finished.
By virtue of its flexible structure, it will always be in motion,
Figure 1: Aarhus ReWater can expect the present discharge requirements to
remain unchanged, measured in absolute values, despite growing amounts of
wastewater from a city in continued development.
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Year

Aarhus ReWater—strategic background
About 15 years ago, the Danish Government decided it was time to have the
Danish water sector serviced in line with
the service given to the energy sector. The
reason was that the principle of self-sustainability did not provide enough incentive
to run the utilities most cost-effectively.
Aarhus City Council decided to take up this challenge and carry
out a service check on the wastewater structure in the municipality. At the time, Aarhus Vand had 17 purification plants, and
various scenario calculations were created for how to design the
structure in the best possible way. A number of alternatives were
analysed and calculated—from updating and reinvesting in the
17 plants to the establishment of one brand new Marselisborg
Wastewater Treatment Plant. The result was a plan for the
closure of the small and unprofitable wastewater treatment
plants as soon as possible. This way, approx. 14 per cent of the
operating costs could be saved. The plan also established the

optimal structure to include only two plants: Egå and Marselisborg. This would mean a reduction in the annual operating costs
of up to 40 per cent.

Plant capacity is expected to be expanded to up to 550,000 PE,
which corresponds to the expected population in 2060 based
on the latest forecasts.

Today there are four plants left: Åby, Viby, Egå and Marselisborg
wastewater treatment plants. Åby, Viby and Marselisborg plants
would face extensive and expensive renovation in order to meet
today’s regulatory environmental requirements. In addition, an
annual population growth of about 5,000 calls for an expansion
of the total capacity.

The forthcoming Marselisborg WTTP will be established as a
resource facility referred to as Aarhus ReWater. The ambition
is that, in addition to meeting current and future demands for
wastewater treatment, the upcoming plant will be a state-of-theart plant ensuring optimal water conditions in the Bay of Aarhus
for the benefit of people and nature. The name should signal
that, over and above wastewater treatment and ensuring a good
water environment, the plant will be extracting resources from
wastewater on an unprecedented scale. In order to manage,
optimise and automate the many processes and machinery, the
new ReWater will be equipped with sensors to a degree never
seen before. The many on-line data will be collected in real time
and used for dynamic process and industrial optimisation to
ensure optimum functionality—anytime, anywhere. The many
data also provide input for the establishment of digital simulation
models (twins) of the total plant which enable real-time learning, and which can be used to predict optimum operational
scenarios.

Therefore, Aarhus Municipality and Aarhus Vand have decided
to proceed with two plants—Egå and Marselisborg. Egå WWTP,
recently energy upgraded to the tune of DKK 80 million, now
has the necessary capacity. Marselisborg WWTP, on the other
hand, is too small, and it would require massive investment to
renovate the plant just to meet current demands. Furthermore,
the plant cannot be extended at its current location. Instead, a
new plant will be established with an optimal location in relation
to the current water mains system and as far away from residential areas as possible.

Substances normally considered as waste to be disposed of will
be seen as valuable resources that can be recycled and turned
into green electricity, heating and fertiliser. Wastewater, when
treated, can also be reused for cooling purposes. The purpose
of utilising the resources in wastewater is to reduce the costs
involved in wastewater treatment, for instance by the sale of
energy.
Furthermore, the purpose is also to reduce CO2 emissions and
save on scarce resources such as phosphorus. The efforts
must support Aarhus Vand’s ambition to be energy and CO2
neutral in 2030 at the latest.
Many of the technologies involved in establishing a resource
plant are well-known and already applied at our current wastewater treatment plants. Other technologies will have to be
developed. The goal is for Aarhus ReWater to become the
world’s most resource-efficient wastewater treatment plant. That
is to say, the one plant in the world which is able to utilise the
waste material in wastewater to the benefit of the environment,
the citizens and society.
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Geography
Europe

Denmark

Aarhus Municipality

Port of Aarhus

Egå Renseanlæg

Aarhus

2
3

1

Åby Renseanlæg
Marselisborg Renseanlæg

Aarhus Lystbådehavn

Viby Renseanlæg

Aarhus Vand A/S is a Danish utility company.

Aarhus Vand A/S is located in Aarhus Municipality.

Current WTTPs in Aarhus Municipality.
Åby and Viby WWTPs will be closed
Egå and Marselisborg WWTPs will continue
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Possible future locations of Aarhus ReWater (Marselisborg
WWTP).
1

Main suggestion

2

Alternative 1
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Alternative 2

Vision
Aarhus Vand has drawn up the following
vision statement for Aarhus ReWater:
To build the world’s most resourceefficient wastewater treatment plant.

“be a great place because it utilises the
potential of the location and creates a good
connection to the city”

“increase performance through
the development and use of
state-of-the-art technology”

“extract resources from
wastewater through the
development and use of
state-of-the-art technology”

“be the good neighbour
through openness and
sharing”

The world’s most
resource-efficient
wastewater treatment
plant will:

“be a source of water
know-how where water
management is understood
and sensed”

Mission
In continuation of the vision, Aarhus Vand
has drawn up the following mission
statement for Aarhus ReWater:
The establishment of Aarhus ReWater is part of the objective of the
2017-2020 Wastewater Treatment Plan for Aarhus Municipality
according to which wastewater treatment in Aarhus will take place
at two key facilities: Egå and Marselisborg.
While the plant will be handling increased water volumes and
waste substances, it must ensure that the environmental load
does not increase. Furthermore, the plant must fit nicely into a local
context and contribute positively to the development of not only the
Tangkrogen area but also business and everyday life in Aarhus.

“create growth and export
through cluster cooperation,
regionally and nationally”

“have an enriching
and safe working
environment”

“increase profitability
through symbioses and
new business areas”

“accelerate development and create
active co-ownership because we
think in alternative financing”

“not be too expensive to build
because we optimise products
and construction processes”

Figure 2: Vision
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Prospectus
Aarhus Vand is about to build a state-ofthe-art wastewater treatment plant. This
requires the involvement of a wide range of
different skills from the best partners in the
industry.
Aarhus Vand will therefore carry out a series of tenders over the
coming years to appoint these business partners.
The aim of this prospectus is to provide interested partners
insight into the overall ideas about Aarhus ReWater, including
the guiding principles in innovation, sustainability, modularity and
flexibility as well as digitisation and automation.
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The prospectus also provides an understanding of Aarhus
Vand’s way of organising the various tender calls.
The prospectus offers a description of the guiding principles for
Aarhus ReWater and upcoming tenders. As far as the tenders
are concerned, the content of the task (the service) and its interface with the other parties involved will be described.
The prospectus will also include a description of the mode of
cooperation and the contractual relations.
In other words, the prospectus is expected to provide interested
consultants, suppliers, contractors, research institutions, etc.
with the necessary insight to assess which tenders would be
relevant for them to contract for.

The challenges are great and many, and they call for the best
skills and know-how—nationally as well as internationally. To
reach out to as many potential contractors as possible, the
prospect comes in a Danish and an English version.

2

Innovation
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Aarhus Vand has worked out an innovation
strategy to ensure that Aarhus ReWater
becomes—and remains—the world’s most
resource-efficient wastewater treatment
plant. The strategy is based on six
innovation principles:
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PRINCIPLE 1
A 360-degree analysis of the technical, financial, political and human resources.
The description is based on a 360-degree analysis of
the development potential of Aarhus ReWater.

Narrow scope

Go / no go

PRINCIPLE 2
Separate development from construction.

It is expensive and difficult to develop when the detailed
design is ready and execution begin. That is why we
finish developing and testing before we “start digging into
the ground”.

Development
External expert

//

Testing

PRINCIPLE 3
The learning plant

We are not building a complete plant for the next 100
years. We are building a plant which will educate us, and
which will be improved along the way. We are building
to accommodate the demands we already know and
creating flexibility for the rest. We are thinking in shorter
life cycles in areas with fast technological development
or new demands.

Implementation

External
experts
Usual suspects

Usual
suspects

Focus

Ta
n

Wild cards

Bu

Wild cards

Th

Broad scope

PRINCIPLE 4
Keeping an open mind

The innovation challenges are too comprehensive and
complex to be overcome by the existing players in the
water sector. What is needed is inspiration and knowledge from external experts, who know how to work out
the details, and from wild cards, who are good at seeing
things in a broader perspective.
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PRINCIPLE 5
Transfer preparation

Aarhus ReWater must be realised in a fruitful meeting of
external knowledge and those who are familiar with and
who will, eventually, be able to realise the construction of
the plant. It is important that this interplay makes room for
new ideas to pop up, mature and be made realisable.

PRINCIPLE 6
Think broadly

Effect
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Aarhus ReWater is a project unfolding on many scales.
The absolute best result can only be obtained when
there is a red thread connecting the local place, the city,
the region and the international anchorage of the Danish
water cluster.

#14: How to ensure that Aarhus ReWater, as a plant
and a place open to visitors, will become a “source
of water knowledge” where water and the treatment
of water is understood and sensed?

#1: How to best exploit the central
location in Aarhus and the potential of
the Tangkrogen location?

#4: How to achieve energy and CO2
neutrality in the water cycle throughout
the Marselisborg catchment area?

#2: How to create a cleaner harbour
and Bay of Aarhus while having to clean
water from a growing city?

#5: How to avoid obnoxious smells
when the plant is placed close to the
city?

#3: How to support constant changes,
flexibility in relation to new requirments
and system export through
modularisation?

#6: How to optimise the
use of the resources in
wastewater?

#15: How to ensure that Aarhus ReWater will become a
good neighbour through openness and sharing? For
a more detailed description of the innovation strategy,
including the innovation principles and challenges,
reference is made to the document “Marselisborg
ReWater—Innovation Strategy” prepared by Smith
Innovation as commissioned by Aarhus Vand.

Political resources

Phy
sic
al
r

#12: How to attract external capital and
employees to Aarhus Vand?

#8: How to include different water
qualities in industrial symbioses?
#9: How to establish a fully automated wastewater treatment plant, where no person is in
contact with untreated and dangerous materials?
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#7: How to tackle residual sludge so that it
contributes to the circular economy?
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Based on the innovation principles, Aarhus
Vand has identified 15 innovation
challenges to be resolved in order to
develop the world’s most resource-efficient
wastewater treatment plant:

Physical resources

s
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es

Innovation
challenges

Human resources

Financial resources
#10: How to increase earnings at
Aarhus Vand through symbioses and
new business areas?

#13: How to strengthen the
international position of the Danish water
cluster through Aarhus ReWater, and
what is the scope for cooperation with
the food and ICT cluster in Business
Region Aarhus?

#11: How to optimise solutions and
cooperation to avoid any waste without
compromising the quality of our
construction work?

Figure 3: Innovation challenges

11

3

The UN’s
Global Goals
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Integrating the UN’s Global Goals for sustainability
The UN’s 17 Global Goals for Sustainable
Development (SDG) were agreed on in
2015 when 193 of the world’s countries
committed themselves to working together
towards sustainable development of our
society and planet.

This is seen by many people as the most ambitious plan for
the future of the planet. Others see it as the last real chance of
reversing a trend towards the inevitable collapse of ecosystems
and basic living conditions which we take for granted in the
Western world.
“You can’t lead without goals. And you can’t have goals without
leadership. The UN’s 17 global sustainability goals represent the
biggest leadership challenge and the greatest opportunity for a
better world for everyone.” This is the concluding remarks of professor Steen Hildebrandt in the book “The Global Goals—Our

Greatest Opportunity and Challenge”. Aarhus Vand would like
to take up this challenge and become a leader in wastewater
treatment and resource utilisation with the realisation of Aarhus
ReWater.
The 17 Global Goals are mutually related and dependent. They
make up a complex framework for the joint development of our
planet. The objectives must be met by all countries in the world
by 2030.

From Aarhus Vand’s point of view, it is particularly interesting
to note that this is the first time that water has been given its
own goal, Global Goal no. 6: “Clean Water and Sanitation”. This
ambitious goal focuses on various relevant aspects such as
safe drinking water, wastewater treatment, water efficiency and
protection of the environment.

The UN’s 17 Global Goals
The UN’s 17 Global Goals for sustainable development are the
most ambitious plan for the future of the planet. However, if
this plan is to succeed, every country, every government and
every person must contribute. At Aarhus Vand, we have worked
systematically with sustainability for many years. We are a CSR
certified company, which requires full control of the entire palette
of topics within social responsibility: Consumer relations, the
environment, climate and working conditions, business ethics,
human rights and our contribution to the development of local
society.
Furthermore, Aarhus Vand maintains a strategic focus on the
environment and the climate, two areas in which we perform
considerably better than prescribed by the law. Therefore, it is
only natural for us to integrate the global goals in our Strategy
2020 and in the projects, where relevant.
This applies primarily to goals:
• 6 (Clean water and sanitation)
• 13 (Climate action)
• 14 (Life below water)

Figure 4: Aarhus Vand’s Business plan 2018, p. 12.
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The global goals in Denmark and
the Danish water sector
In March 2017, the Danish Government presented the Danish
action plan for the UN’s Global Goals. According to the plan,
EU’s Water Framework Directive will be the leading indicator for
the implementation of Global Goal no. 6. The framework sets
out the broad objectives, such as a good water quality in rivers,
lakes, seas and groundwater.
DANVA, a body of Danish drinking water and wastewater
companies, subsequently commented on the Government’s
action plan, saying that
“Denmark can, however, go beyond just implementing the
EU Water Framework Directive and be more ambitious in
fulfilling the SDG’s. The water sector has a huge potential to
contribute, and there is a growth potential for the sector in
sharing Danish water knowledge and technology globally,
whilst improving the environment globally.”

Certification
Social responsibility (CSR)

This would suggest an even more ambitious approach to the
UN’s Global Goals than the Danish Government’s plan.
Along with other utility organisations, DANVA has drawn up a
vision for the sector. One of the guiding principles is that the utilities should be required to take social responsibility and prepare
a plan for how the sector can contribute to the realisation of the
UN’s Global Goals for Sustainable Development. In September
2018, DANVA presented “The Danish Water Sector and the
Global Goals,” a discussion paper for how the Danish water and
wastewater industry may satisfy the UN’s Global Goals.

Health and safety management

Energy management

Aarhus Vand and the Global Goals
Aarhus Vand has worked systematically with sustainability for
years. The company has obtained CSR certification, which
requires that Aarhus Vand takes into consideration the entire
palette of topics within social responsibility: Consumer relations,
the environment, climate and working conditions, business
ethics, human rights and the contribution to the development
of local society. Aarhus Vand is certified in a number of specific
areas such as:

Aarhus Vand’s Business plan 2018 addressed the global goals
by stating that they would be integrated into Strategy 2020—
primarily Global Goals nos. 6, 13 and 14—and in the projects
where the global goals would be relevant.

• Social responsibility (ISO 49001)

“Aarhus Vand has not only implemented Global Goal no. 6
into the company. They work with all 17 goals as an
integrated part of the company. By taking up the challenge
of integrating all 17 global goals, Aarhus Vand is taking the
lead as a brilliant example to follow. That is why it is only
appropriate that Lars Schrøder and the entire Aarhus Vand
should be recognised for their efforts.”

• Working environment (ISO 18001)
• Energy management (ISO 50001)
• Environmental management (ISO 14001)
• Food safety (ISO 22000)
It was therefore only natural that Aarhus Vand should take
managerial ownership of the UN’s Global Goals. A process was
initiated to explore the opportunities, challenges and potential of
integrating the global goals at Aarhus Vand.
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Environmental management

In October 2018, Aarhus Vand was awarded Erhverv Aarhus’
Special Prize 2018 for their work on the UN’s 17 Global Goals,
with the following explanation:

Aarhus Vand is in the middle of a development process of inspiring its employees and informing them about the global goals.
This also involves exploring and mapping out where and how
the global goals can be incorporated in the development and
operation of Aarhus Vand.

Consequence
Aarhus Vand has been CSR certified since 2011. This means that
Aarhus Vand’s management system is certified and continuously
weighed against DS49001, the Danish standard for social responsibility. The certification sends a clear signal that the continuous
focus on efficiency improvements cannot be at the expense of
considerations of the environment, working environment, social
involvement, human rights or other “soft values”.

Aarhus Vand’s management system also focuses on its employees by following up on health and safety at work in accordance
with DS/OHSAS 18001. This means that there is focus on
employees’ health and safety at work, on ensuring a stimulating
physical and mental working environment where no one risks
getting injured.

Power consumption at Aarhus Vand’s plants is substantial.
In order to reduce energy consumption, Aarhus Vand was certified
according to standard ISO 50001 in the autumn of 2009.

In the spring of 2008, Aarhus Vand obtained environmental management and health and safety at work certification. In relation to
environmental management, Aarhus Vand’s management system
is certified according to ISO 14001, which means efficient treatment and disposal of wastewater with minimum negative impact
on the environment.
At the same time, Aarhus Vand must take good care of the
groundwater resources and protect them from pollution.

Food safety

In 2006, Aarhus Vand’s management of drinking water quality was
certified according to ISO 22000 HACCP. Aarhus Vand calls it
“Documented Drinking Water Safety”.
In practice, this means that Aarhus Vand’s management system
has been approved as a good tool for the safe and secure supply
of one of Aarhus Vand’s core products: drinking water of excellent
quality.

The Global Goals and Aarhus ReWater
The UN’s Global Goals will be a natural
part of the development, realisation and
operation of Aarhus ReWater. The ambition
is that the project and the final plant should
be a state-of-the-art wastewater treatment/
resource facility and a platform for international exposure and demonstration of
sustainable partnerships, technology, business models and project development.
The global goals may be used directly for the establishment of
a framework for setting and quantifying a goal. Global Goal no.
7—Affordable and clean energy, for instance, whose sub-goal
7.2 states: “By 2030, increase substantially the share of renewable energy in the global energy mix”. Seen in this light, one
possible objective could be for Aarhus ReWater to become a
producer of energy, an objective which can be quantified by an
energy account for the total energy consumption of the plant.
The global goals may also be used more indirectly as inspiration
and guidelines for an action or activity whose result cannot be
accurately calculated. An example could be Global Goal no.
11. “Sustainable cities and communities”, where sub-goal 11.7
states: “By 2030, provide universal access to safe, inclusive and
accessible, green and public spaces, in particular for women
and children, older persons and persons with disabilities.” This
sub-goal could be a guiding principal and set the framework for
an overall goal for Aarhus ReWater, without the need of further
quantification.
Work with the UN’s 17 Global Goals can be challenging. They
may form the basis and general framework for ambitions,
objectives, rationale and direction. However, they may also serve
as basis for very factual, well-defined and quantifiable objectives
and demands.
Together with its business partners, Aarhus Vand would like to
define the final formula and ambition for the importance and
commitment to be attached to each global goal in the realisation
of Aarhus ReWater.
With Aarhus Vand’s commitment to the UN’s Global Goals, it
becomes vital to ensure that the global goals will play a fundamental and binding role in the Aarhus ReWater project.

The tenders that Aarhus Vand will call to appoint the many
partners will therefore require that the contractors should take
the global goals into consideration and come up with suggestions for processes and solutions. By connecting the UN’s
Global Goals to a project the magnitude of Aarhus ReWater,
Aarhus Vand is hoping and expecting to trigger a positive development in a market of companies, players and stakeholders
compelled to take action and respond creatively and innovatively
to the global goals and, in doing so, progress towards achieving
the ambitious global goals.
The global goals are expected to be integrated in the upcoming
tenders through one or more initiatives:

The comparison should only be seen as a first attempt by
Aarhus Vand to incorporate the UN’s 17 Global Goals in Aarhus
ReWater, and therefore it must be qualified and further
developed together with the partners.

The business partner should therefore see the subsequent
comparison as inspiration and a dynamic impetus to be challenged in the further incorporation of the sustainability goals in
the project.

In the upcoming tender calls, Aarhus Vand will therefore require
potential partners to take the sustainability goals into consideration and elaborate on and challenge Aarhus Vand’s
ambitions based on the below list, for instance, and include
their considerations in further work with the realisation of Aarhus
ReWater.

The individual innovation challenges are only listed next to the
global goal with which they can be immediately associated. In
the further process, however, it must be uncovered to which
extent the innovation challenges can be attached to more of the
global goals.

• The partner must account for their approach to and integration of the global goals in their own organisation and business
areas. In other words, an account of what they have done to
take ownership of the global goals.
• The global goals are expected to have a significant role in all
phases of the project. The partners will be asked to come up
with suggestions for the furtherance of this process and how
the global goals can be integrated in the design phases and
the execution phase.
• The partner is expected to contribute to uncovering how the
plant, when commissioned, can contribute positively to the
fulfilment of the global goals from day one, and over time.
All three above options are significant steps in incorporating
the global goals, not only for the project in question, but also
for the businesses, players and stakeholders involved. This will
help to significantly support and stimulate work on the global
goals, which could be a great inspiration for other major or minor
tenders.
Integration of the global goals places heavy demands on
Aarhus Vand’s business partners, all of whom are expected to
participate actively by taking ownership and incorporating the
sustainability goals in the project.
Sustainability should thus be seen as a guiding principle or
beacon for the objectives and choices to be defined and made
all the way through the process of developing, designing, executing and operating Aarhus ReWater. It is therefore only natural
to compare the sustainability goals with the innovation challenges specifically related to Aarhus ReWater. In the following,
the sustainability goals will be compared with the innovation
challenges and Aarhus Vand’s guidelines for social responsibility.

Figure 5: Aarhus ReWater and the Global Goals
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Aarhus ReWater—innovation challenges and the UN’s Global Goals
Innovation challenges are marked with #

Aarhus Vand makes a number of
ethical and social demands for all
business partners and suppliers,
including demands for the observance of certain ILO conventions
against forced labour and child
labour.

Aarhus Vand makes a number of
ethical and social demands for all
business partners and suppliers,
including demands for the
observance of various ILO
conventions regarding wages and
working conditions.

How to avoid obnoxious smells
when the plant is placed close to
the city? (#5)

Aarhus Vand’s international
focus is on knowledgesharing within the wastewater
sector—in the United States,
for instance, through the Water
Technology Alliance, and in
Africa, through 3Vand.

How to ensure that Aarhus
ReWater, as a plant and a place
open to visitors, will become a
“source of water knowledge”
where water and the treatment of
water is understood and sensed?
(#14)
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As a CSR certified company,
Aarhus Vand places ethical and
social demands on all business
partners and suppliers, including
zero tolerance against discrimination, and all personnel matters
must be based on relevant and
objective criteria.

How to support constant
changes, flexibility in relation to
new requirements and system
export through modularisation?
(#3)

Aarhus ReWater innovation challenges and the UN’s Global Goals
Innovation challenges are marked with #

How to utilise the resources in
wastewater? (#6)

How to establish a fully automated wastewater treatment
plant, where no one is in contact
with untreated and dangerous
materials? (9#)

How to include different water
qualities in industrial symbioses?
(#8)

Aarhus Vand would like their business
partners to be energy conscious throughout the whole process—during the design
phases, in relation to the choice of solutions, but also during the production and
execution phase, in relation to production
methods, transportation (by train, ship,
lorry, etc.) and execution methods.

Aarhus Vand emphasises the
importance of suppliers and business partners working actively
towards accepting their social
responsibility.

How to ensure that Aarhus
ReWater will become a good
neighbour through openness and
sharing? (#15)

How to handle residual sludge so
that it contributes to the circular
economy? (#7)
How to optimise solutions and
cooperation to avoid wasting time
without compromising the quality?
(#11)
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Aarhus ReWater innovation challenges and the UN’s Global Goals
Innovation challenges are marked with #

Aarhus Vand is a world leader when it comes
to utilising the resources in wastewater for
green energy. The goal is to produce energy
and recycle purified water and nutrients from
wastewater to an extent not seen before.
Another goal is to become completely energy
and CO2 neutral in 2030, and Aarhus Vand
is well on the way. In 2018 the goal was
for Aarhus Vand to produce 55% of the
company’s energy consumption.
Another important area is Aarhus Vand’s
efforts in relation to adapting Aarhus to climate
change to avoid flooding. This places heavy
demands on the infrastructure and management of the water cycle. Together with the
citizens of Aarhus, the municipality and a
number of experts, Aarhus Vand will continue
the development of value-adding and effective
climate solutions which Aarhus ReWater will
be a part of.

Wastewater treatment plays a major role in safeguarding marine life. A
clean Bay of Aarhus, with the resulting biological and recreational values,
depends on efficient purification of very large volumes of wastewater.
This is a task that Aarhus Vand performs well, and they assume additional
responsibility by contributing to the recreational use of lakes, streams and
the harbour area. Aarhus Vand has particular focus on streamlining
wastewater treatment processes and future-proofing facilities and
cleaning/treatment capacity.
How to achieve energy and CO₂
neutrality in the water cycle
throughout the Marselisborg
catchment area? (4#)

How to achieve a cleaner harbour
and Bay of Aarhus while having to
clean water from a growing city?
(#2)

Global demand for Aarhus Vand’s knowledge of effective wastewater
treatment will contribute to raising the knowledge and standard of wastewater treatment in a number of countries. This will mean an improvement
of marine life on a global scale.

Aarhus Vand’s knowledge of
energy optimisation and utilisation at wastewater treatment
plants strikes a responsive
chord worldwide witnessed by
a rapidly growing sector with
Aarhus Vand supporting capacity build-up and the export of
Danish technology.
How to best exploit the central location in Aarhus and the potential
of the Tangkrogen location? (#1)

Aarhus Vand is CSR certified and
requires all partners to comply
with applicable laws and
guidelines.

How to increase earnings at
Aarhus Vand through symbioses
and new business areas? (#10)
How to attract external capital and
employees to Aarhus Vand? (#12)
How to strengthen the international position of the Danish
water cluster through Aarhus
ReWater, and what is the scope
for cooperation with the food and
ICT cluster in Business Region
Aarhus? (#13)
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Technical innovation tools
Identifying the potential of resources
Tools are needed which support the technical innovation. The following is a description of tools that Aarhus Vand suggests
should be brought into play. The tools will
be further developed in cooperation with
the Process Consortium, among others.
The contractual partners are expected to
introduce their own tools to the extent that
they can replace, supplement or support
the ones described below

Development in the value of the resource over time
2020

2025

When establishing Aarhus ReWater, the world’s most resourceefficient wastewater treatment plant, it is vital to focus on the
current and expected future value and volume of specific
resources, as this will have significant implications for which
technological process steps to include in the plant. It is equally
important to gain an overview of the technological possibilities
in resource recovery and upgrading of the wastewater treatment
process. Today’s profitable resources and technologies may not
necessarily be appropriate in 10, 20 or 30 years’ time.
Mapping of current and expected future values and volumes
or resources has the advantage of offering a snapshot and an
expectation of the development of the potential of specific resources, which will support the choice of technological process
steps.

Aarhus Vand would like to develop and use tools supporting
technological foresight. The following figure is an illustration of
the development in the value of individual resources over time.
The figure is not exhaustive and only intended to illustrate the
thinking.
The overview will be reassessed and updated to reflect any
changes in the snapshot or the expected future development,
or in case there is potential for the extraction of other resources
which must then be included in the figure.
To assess the potential of a resource, it is not enough to assess
the value alone. It is also necessary to map out volume over
time. For what is the use of resources of high value if there is a
lack of such resources? Aarhus Vand suggests that the
resource pyramid should be used as a tool to illustrate and
compare the volume of the individual resources.

Like the value of the individual resources, the resource pyramid
is a snapshot that will develop over time.
Together, the resource pyramid and the estimate of the development in the value of various resources over time offer a basis for
assessing the potential of the specific resources.
The relation between volume and value may be summarised in
a matrix—see below figure—which illustrates which resources
are expected to have the greatest potential from an environmental and commercial perspective. Where Aarhus ReWater is
concerned, the matrix may be used to offer a snapshot of both
current and future expectations of the potential of the resources.
This would enable us to pinpoint the most important resources
and design a facility that is state-of-the-art already from day 1
and onwards.
.

Snapshot of the volume of resources
Value

2050
High

Raw materials for pharmaceutical
and healthcare sectors

Health and Life style

Low

High

Protein

Food stuff and Animal Feed

Low

High

Phosphorus, biochar,
activated carbon, etc.

Materials and
Chemicals

Potential

The most potential

Resource with a high value but
scant volume

Resources with high value and
high volume

The least potential

Potential

Resources with low value and low
volume

Resources with low value but high
volume

Low

High

Biogas, biodiesel

Transport

Low

High

Electricity,
heating

Energy

Low

Figure 6
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Figure 7: The Resource pyramid + examples.

Figure 8: Snapshot of the potential of a resource.

Volume

Tertiary treatment

Technology radar
Aarhus ReWater is to be the resource facility of the future—from
day 1 and onwards. To this end, a “technology radar” will be
used in the design phase to look into the future and anticipate
new technologies and assess when they will become available.

Secondary
treatment

The “Corporate Foresight Radar”, which was developed at
Aarhus University, is a good example of such a technology
radar. (For additional information, see “Corporate Foresight
Benchmarking Report 2018: How leading firms build a
superior position in markets of the future.”, Aarhus BSS, Aarhus
University.) This technology radar has been adapted to Aarhus
ReWater and is shown in the following figure.

Technological
complexity

Business
potential

Low
Medium

Strategic
importance

Limited

• Medium degree of
technological
complexity
• Large business potential
• Low strategic
importance

Primary
treatment

Ressource
recovery

Low

Large

Medium

High

Example 1

Sludge
treatment

Huge

Example 2

• Low technological
complexity
• Limited business
potential
• Huge strategic
importance

Pilot concept

Technologies which have
been tested on a
smaller scale or pilot
scale, but which have not
been documented in full
scale and where there
is no proven experience
in conditions similar to
those of Aarhus ReWater.

Product concept

Technologies which have
been implemented in a
full-scale plant, but which
still need to be developed
and documented and
where there is no experience or only limited
experience from conditions similar to those of
Aarhus ReWater.

Ready for the market

Technologies which have
been thoroughly tested
and well documented
from several full-scale
plants under conditions
similar to those of Aarhus
ReWater.

Figure 9: Technology radar
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Complexity

Business
potential

Strategic
importance

Applied
research

High

Huge

• The UN’s Global Goals

Enhanced P-removal (0.2 or 0.1
mg/l?)

Market
ready

Medium

Limited

• The UN’s Global Goals
• Resource efficiency

3.4

Enhanced N-removal (4-6 mg/l
or lower?)

Product
concept

High

Huge

• The UN’s Global Goals
• Resource efficiency

3.5

Desinfection

Market
Ready

Medium

Limited

• The UN’s Global Goals

3.6

Reuse of treated wastewater for
irrigation of parks etc. or washing

Product
concept

High

Huge

• The UN’s Global Goals

4.1

Anaerobic digestion (mesophilic
and/or thermophilic)

Market
ready

Low

Huge

• The UN’s Global Goals
• Resource efficiency
• Plant modularity

4.2

Thermal hydrolysis

Product
concept

High

Huge

• The UN’s Global Goals
• Resource efficiency
• Plant modularity

4.3

Dewatering

Market
ready

Medium

Huge

• Plant modularity

4.4

Drying

Market
ready

High

Limited

4.5

Incineration

Market
ready

High

Limited

5.1

Energy

Market
ready

High

Huge

• The UN’s Global Goals
• Resource efficiency

Areas
Tertiary
treatment
Furthermore, when adapting the technology radar to Aarhus
ReWater, preliminary “areas” and technologies have been
defined and included in the below table along with examples
of assessment of selected technologies in relation to maturity,
technical complexity, business potential and their strategic
importance.

Together, the Resource Pyramid/Resource Matrix and the
Technology Radar can be used as a set of tools in the process
of designing Aarhus ReWater and to support the decision of
how to design the process plant, including which technologies
to implement from day one and which to prepare for.

This is only a snapshot and the technology radar needs
upgrading and updating for the Aarhus ReWater project.

Sludge
treatment
Areas
Primary
treatment

Technologies
1.1

Primary sedimentation with improved chemical dosing/coagulation

1.2

Micro filtration with chemical
dosing/coagulation

1.3

Secondary
treatment
(Main and
side-stream
process
technologies)

2.1

Traditional CAS with nitrogen and
phosphorous
removal

Business
potential

Strategic
importance

Market
Ready

Low

Huge

• The UN’s Global Goals
• Resource efficiency

Product
concept

High

Huge

• The UN’s Global Goals
• Resource efficiency
• Plant modularity

Applied
research

High

Market
Ready

Medium

Huge

Limited

3.1

Removal of microplastics, pharmaceuticals or other components

3.2

Figure

• The UN’s Global Goals
• Resource efficiency
• Plant modularity

-

Maturity

Ressource
recovery

2.2

Granular sludge process

Product
concept

Medium

Huge

• Plant modularity

5.2

P-recovery from reject water (struvite) and from ash (Incineration)

Product
concept

High

Huge

• The UN’s Global Goals

2.3

MBBR (Moving Bed Biofilm
Reactors)

Product
concept

High

Limited

• Plant modularity

5.3

Biochar and/or activated carbon

Applied
research

High

Huge

• The UN’s Global Goals

2.4

MBR (Membrane Bio Reactor)

Product
concept

High

Limited

• Plant modularity

5.4

Biodiesel

Applied
research

High

Limited

• The UN’s Global Goals

2.5

Reject water treatment (sidestream anammox process)

Market
Ready

Medium

Huge

• Resource efficiency

5.5

Organic compounds like PHA’s,
mediumchain carboxylic acids.

Applied
research

High

Limited

• The UN’s Global Goals

2.6

Two-stage consisting of high-rate
carbon capture followed by nutrient removal (i.e. A-B with B-stage
for example being anammox)

Applied
research

High

Huge

• Resource efficiency
• Plant modularity

5.6

Reuse of treated effluent

Product
concept

High

Huge

• The UN’s Global Goals

5.7

Heat pumps

Market
ready

Medium

Huge

• The UN’s Global Goals
• Resource efficiency

Anaerobic processes to convert
organics into chemicals that can
become part of future bio-refinery.

Applied
research

5.8

Upgrading of biogas

Product
concept

High

Huge

• The UN’s Global Goals
• Resource efficiency

2.7
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A-process (high rate carbon
capture), biosorption

Complexity

Maturity

Technologies

High

Limited

• The UN’s Global Goals
• Resource efficiency
• Plant modularity

Figure

Making ownership of solutions a priority
A diversity of solutions will come up when working on the innovation challenges. To prioritise who will take on the development
task, Aarhus Vand has developed the below tool, “Innovation
Challenges—Importance and Ownership”.

Importance to
Aarhus Vand

Innovation challenges – importance and ownership

Aarhus Vand owns the innovation projects

Aarhus Vand Partnerships own the innovation projects

The tool offers a snapshot and will change with the emergence
of new opportunities and changing boundary conditions such as
discharge requirements, environmental targets, the composition
of the resource pyramid.

• Rethinking wastewater treatment
- Resource recovery
- Flexibility
- Modular build-up

• Test plant for water/wastewater technologies

The tool “Innovation Challenges – Importance and Ownership”
offers an overview of the requirements, responsibilities and activities. This way, it may help optimise Aarhus Vand’s and other
stakeholders’ outcome of a possible cooperation by identifying
the interests of the various parties. In other words, all partners
do not have to take part in all aspects of the cooperation.

• Safety and health improvements
- Working environment improvement via automation and robot
technology

• Odour reduction—biological treatment and recycling of purified
exhaust air

The tool should be seen as part of the overall toolbox for
prioritising and holding on to decisions when having to choose
between different solutions. The tool is included in the toolbox as
one element together with the technology radar’s identification of
future technologies and mega-trends and the resource pyramid/
resource matrix’ assessment of the environmental and economic
perspectives for selected raw materials.

• Recycling of waste sludge
• Recycling of purified wastewater in symbioses

• SMART ReWater
- Adjustment and storage of energy in SMART GRID.

No ownership of innovation projects

External partner owns the innovation projects
• Improved tertiary treatment (environmentally harmful substances,
micro pollutants)
• Recovery of nitrogen, biopolymers and proteins
• Upstream treatment
• Process equipment and components optimisation
• Next generation of secondary treatment (new I/O process)
• Recovery of precious metals (gold and silver)

Figure 10: Making ownership of solutions a priority

Importance to cooperation partners
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Modularity and flexibility
Modularity
In a rapidly-changing world, wastewater
treatment and resource utilisation are
facing new challenges as more and more
significant parameters are being changed—
for good.

These parameters include, inter alia:
• Increased urbanisation (a higher degree of urban
densification)
• Regulation of wastewater treatment (more stringent emission levels, new substances, ...)
• Resource marketing (regulation, supply and demand)
• Increase in the variable volumes of water as a result of
water conservation and climate change
• Infrastructure (transport and treatment)
• The water sector (consolidation and centralisation)
• Climate change (megatrends – heat, dry summers or cold,
rainy summers with rainfall of greater intensity)
• Wastewater treatment technologies, etc., information
ӖӖ New purification and sludge treatment methods focusing
on recycling and a higher degree of resource efficiency

ӖӖ Sensor technology (price, quality, scope, etc.)
ӖӖ IoT (data collection, storage and extraction of information ...)
ӖӖ Computing (processing power, cloud services ...)
ӖӖ Biological innovation and sophistication (including the use
of new genetic tools such as new types of bacteria, DNA
sequencing, CRISPR, ...)
ӖӖ Materials and methods of execution (designs, e.g. 3D
printing and robot application)
ӖӖ Robots and drones (monitoring, service and
maintenance ...)
It is anticipated that Aarhus ReWater will be under instructions
to observe current—or even stricter— discharge requirements,
measured in absolute value, despite population growth in a city
in continuous development.

To future-proof the new resource facility, it must be flexible in
all possible ways. The internal waterways must be designed to
facilitate continuous modification of the plant, and the process
installations must allow for easy modification to accommodate new options and requirements. To this end, the plant will
feature a high degree of modularity of the main process line and
individual process steps and elements thereof, and—equally
important—resource extraction and “production factories“.
Modularity in design is a methodology that divides a system into
smaller units that can be created independently and subsequently adapted/reconstructed independently of the rest of the
plant.
Modularity provides a number of advantages such as flexibility
and the ability to add new solutions by simply connecting a new
module. Cars and computers are good examples of well-known
modular systems.

Illustration: Inspiration for flexible waterways as a concept. Photo by CEphoto, Uwe Aranas
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Flexibility
The system must allow for ongoing development and reconfiguration (rebuilding).
To be at the forefront of global innovation in wastewater treatment, resource exploitation and business models, it is essential
that the facility should be designed to host multiple lines of
wastewater treatment to ensure collaboration with universities,
start-ups, businesses, utilities and public sector organisations. Furthermore, there must be space, technology and
legal frameworks which allow for continued development and
improvement of resource extraction/production and associated
business models, as well as processes and tasks associated
with basic, but nevertheless, advanced wastewater treatment.
To satisfy this demand, a principle for a process plant with
several waterways will be employed (see below figure).
As roles and responsibilities are subject to constant change, it
is an indispensable requirement that Aarhus Vand should be the

Shared
business
model

owner and have the responsibility for the design of the facility
and have full control over the main lines for water and sludge
treatment, as well as the process-related quality levels in all of
the plant’s water and sludge treatment lines. Business partners
must thus have the opportunity to experiment with or perform
certain well-defined tasks (e.g. development, testing and demonstration) and/or processes, including new service concepts,
within strict quality requirements.
The plant must therefore have a generic, controllable and highly
flexible layout for the basic waterways. Attempts should also be
made at separating building parts from process installations as
far as this is possible.

Service life of structures, process technologies,
Scada systems, etc.:

In Denmark, municipal wastewater treatment plants are traditionally made of quality building materials with a long life, for example
in-situ concrete, stainless steel and high-quality equipment.

Line 2. Resource recovery and extraction

Line 1. Wastewater treatment

Co-creation

Line 3: Development, testing & demonstration
Figure 11: Process plant with several waterways
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The typical expected service life is:
• Constructions				40-60 years
• Mechanical equipment 			

10-20 years

• Electric installations, electric panels,
panels, etc.				5-15 years
• Scada systems and instrumentation

5-10 years

The above is the traditional, expected service life. However, this
need not necessarily apply to Aarhus ReWater. In fact, the time
frame for some of these items is likely to be shorter since process
type and functionality of the resource facility are expected to
change at unprecedented speed.
Should the type of material be favoured over the service life of constructions? Rather than choosing traditional construction materials,
materials with reduced service life may be used if this matches the

demand for frequent replacement of building and process parts in
accordance with the idea of modulation and flexibility. Application of
life-cycle cost and life-cycle analysis, including sustainability considerations, may be considered as an alternative design approach,
in particular in relation to choosing constructions which will be
subjected to loads of water. Furthermore, technologies with shorter
lifetime—such as digitisation (1-3 years) and robot technologies
(1-5 years)— will most likely be integrated into the new resource
plant.
It is worth noting that this life-cycle thinking may give rise to new
types of service and maintenance agreements.
Flexibility in design should be included in the discussions of the
above-mentioned life cycles.

Plant layout and ownership of its waterways
The idea is that the plant will be built around a primary main
stream (Q) which will be owned by Aarhus Vand and which will
continually ensure and guarantee the fulfilment of the plant’s
primary purpose: Wastewater treatment and observance of the
current quality demands for sludge residue.

main stream (Q). The second line, R, is established to enable
resource extraction through “production factories”, which may be
100% external projects or a partnership between Aarhus Vand
and external parties.

Two additional lines will be established. Line D, where external
business partners have the option to connect and test new
technologies in a real environment without the risk of influencing
the purification processes of the main stream. In connection with
this, various business models will be developed for the use of
“live labs” and the development of new technology.

All three lines should be included already during the design
phase to ensure that in 10, 15 and even 25 years’ time, the
plant will still be the resource plant “of the future”.
It is vital that the new resource plant should:
• Feature a high degree of flexibility
• Facilitate demand-driven modularity

When technologies and products are ready to be turned into
business concepts, they are transferred to the second line,
R, for resource exploitation or implementation in the primary

This is illustrated in the following figure: The plant’s layout, where

R

Factory 1
Phosphorus

Mechanical
pretreatment

Q

D

Factory 2
Energy

Biological
treatment

D1

However, more fundamental changes in the process setup of
the wastewater main line, for instance, can be expected where
the technology is changed in lines that have already been
established.
A change from the more traditional technologies (e.g. activated
sludge technology) to other technologies (fixed film technology
(i.e. MBR, MBBR, MABR, etc.), membrane, granulated sludge,
etc.).
The design of the plant must therefore be based on a process,
operation and control concept that enables relatively simple and
quick modification to satisfy future demands, including:

Factory 3
Activated carbon

Tertiary
purification

D2

extensions in various stages and resource recovery (“factories”)
will be added over time.

Factory 4
Proteins

Sludge
treatment

D3

• Scenario-driven strategies for constant cycles of redesignbuild-operate-optimisation and working with process
modelling, pilot-scale simulation and digital-twin concept
The plant is to be designed for the management of three main
“lines”. The primary “line” is to ensure efficient and effective
treatment of wastewater from the catchment area, which is the
very raison d’ être of Aarhus ReWater. The tender calls for these
contracts will therefore require a guarantee in respect of function
and quality.

Rn

Q5

D4

• Adjustment to constant changes through a modular approach

Qn

Dn

Figure 12: Plant layout
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Digitisation
Aarhus Vand is undergoing digital transformation. The aim is to secure the best position for Aarhus Vand as a Danish and international digital role model and trendsetter
in the water industry. It is therefore crucial
that all aspects of Aarhus ReWater are well
thought out and designed as a digital ‘native’ app with a platform for handling water
information and big data.
The business-related requirements of Aarhus ReWater should
be carefully incorporated into and be in accordance with
the design of the platform. Control and data integration and
interfaces (API) are important components of the big data and
analysis platform, and the same control must process the data
of the many sub-projects in Aarhus ReWater.
The platform for water information and big data will be built
around an open, layered architecture consisting of:
Data collection: A flexible and scalable layer of data collection
will allow feeding of structured and unstructured data. Data is
fed in via configurable ‘data factories’ (ETL) and catalogued in a
“data warehouse”.
Inventory and data transfer: Data will be normalised and
stored in an “enterprise data warehouse”; this also includes realtime streaming of online IoT-data.

Analysis: This layer is built on top of the water information
architecture.
An application interface (API): Enables two-way communication and data exchange with a broad range of applications.
Applications (apps): With a variety of tools to analyse water and
water process, as well as presentations and visualisation tools.
The platform will provide significant benefits and bring Aarhus
ReWater real, tangible value in the form of:
• Easy feeding of data
• IoT data; SCADA; remote sensing of data; project planning/
as-completed data; GIS; KPIs/performance measurements
• Data Overview – access – robustness – security – scalability
• Platform for innovation and cooperation

software representations of assets and processes that help
understand, predict and optimise the performance so as to
improve business results. Digital twins contain three components: a data model, a set of “analytics” or algorithms, as well
as knowledge. Digital twins use historical data about the context
and performance efficiency to understand the past, direct and
indirect data to display the current conditions and, “machine
learning” and knowledge to predict the future. A hierarchy of
digital twins consists mostly of component, asset, system and
process.
If you know the present context and predict the future state of
a digital twin, you can effectively monitor, simulate and verify an
asset or process, as well as optimise life cycles, regardless of
whether it is online or offline.
The combined use of a comprehensive platform and digital twins
is, in essence, about realising and making Water 4.0 operational
in real time, for instance by the use of:

• Powerful visualisations and reports

• IoT advanced sensor platform

• Cooperation between business partners, which enables
them to combine products and services to meet customer demand. New cloud-based software platforms enable
capture, aggregation and exchange of data across the
finances.

• AI/ML for process optimisation

• Remote sensing of data (drones) to monitor Aarhus ReWater
and inspect the process plants, reservoirs, etc.
Ideally, one or more digital twins should be developed for water
information right from the start of the project. Digital twins are

Digital risk management may improve the effectiveness and
quality of risk-related decisions and, in doing so, generate real
value to the business. A digitised risk function also provides
better monitoring and more effective compliance with legislative
requirements. Since 5-D BIM (risk assessment/management) is
both visual and intuitive, contractors have a much better chance
of identifying risks at an earlier stage and making better decisions. Project planners can visualise and estimate how a change
will impact on the costs and time schedule of a project. Similarly,
it is important to use VR tools during the detailed design phase
so that operating personnel can see and experience pipe layout,
the location of valves and pumps and get an impression of the
room.
Digitisation will lead to new business opportunities, and new
business models will be created. It is important for Aarhus Vand
to have the ownership of the data and the decisions associated
with the use of KPI reports/performance measurements.

• BlockChain technologies (digital bitcoin/digital signatures)
to create intelligent contracts that ensure traceability and
transparency
• Remote sensing
• Robot technology (e.g. to support automation of
maintenance)
The platform and the application may also be used by the contractors to discuss transparency and digital risk management.
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Automation
Aarhus Vand’s automaton platform is based
on the application of simple, local control
loops in a PLC superimposed by more
complex controls in a main system. The
platform, which has been under development since 2005, is used for integrated
real-time control of discharge systems and
wastewater treatment plants, and the automation principles are expected to be implemented at Aarhus ReWater and further
developed during the design phases. The
principles, system levels and the main features are described below.

of local, simple control loops based on default settings (frequency in seconds) maintained manually by the operator through a
user interface on the SCADA master station. The purpose of
this layer is to ensure simple and robust control which meets the
aim—which, in the case of a wastewater treatment plant, is to
ensure compliance with the discharge requirements. However,
since efficiency (use of energy and chemicals) may be low, it
is considered a fallback procedure. The SCADA system also
handles all component alarms.

To create an efficient environment for the implementation and
operation of complex, real-time control systems, Aarhus Vand
has used robust and fast local control loops in a PLC, combined
with the flexibility of an overall Level2+ system capable of handling algorithms and models such as sensors. The environment
is based on a multilayer structure which does not only distinguish between SCADA/PLC and the functionalities of the overall
system, but also which sensors can be used at each layer.
Below is a short description of the layers.

Overall System: Also called the optimised or global layer where
controllers can make use of sensors which, if maintained and
validated on an ongoing basis (real-time data validation), may be
considered sufficiently stable. This may consist of sensors such
as ammonium, nitrate, phosphate, suspended substances,
sludge blanket, etc. The overall system can integrate multiple
layers which typically consist of controllers that take advantage
of the presence of better process information and apply this information in a global perspective by changing the settings in the
local control loops in PLC (frequency in minutes). The purpose
of these layers is to ensure optimum control which meets
several of a wastewater treatment plant’s objectives such as: To
observe—or more than observe—the discharge requirements
most efficiently by using less energy and fewer chemicals, by
minimising the emission of greenhouse gasses and improving
the recovery of various substances, and, if need be, by expanding capacity, etc.

SCADA/PLC: Also known as the standard/default layer whose
controllers (in addition to timers and counters) are based on
robust and stable sensors–such as flow (magnetic/inductive),
level, temperature, conductivity, etc. This layer usually consists

Reliability control of an actuator is always in the PLC (Layer 1).
For example: Can you start a pump before a valve has been
opened or other pumps have been turned off, etc.? This setting,
which is used for the control of the actuator, is sent back to

Real time
monitoring and
control system

the upper layers. The principle has been shown in the below
figure, where a flow setting (set point) from control level 3 has
been chosen to control a pump by means of a local control
loop based on PID control of the flow. The complexity increases
as you move higher up in the layer structure, and more data,
calculations, etc. are needed. If a model calculation in layer 3,
for instance, fails due to a lack of data or other information, the
control automatically returns to layer 2. The same applies to layer
2: if the control fails, it will automatically return to layer 1, where
the default setting applies to the local control loop. (An emergency situation/layer 0 may also be defined, which will automatically
deactivate the control and switch to manual control).
Only an operator can choose to take the control a layer up
again, as a return to a lower layer is due to an error or an
unknown event which must be resolved before the control can
be taken up to the next level. The control structure uses the

System levels
Set-point control and possible modelling layers, etc.
(Level2+system, etc.)

concept of cascade control, where the decision to use a setting
from a higher control level always lies on the lower control level
(Q-SP-select). In addition, the lower level controls the validity of
the setting. If the setting is outside the operating range, it will be
adjusted to fall within the operating range.
The concept of cascade control means, along with the fall-back
strategy, that the complexity of control is moved away from the
PLCs. The PLC must focus on effective, local control loops for
actuators, and whether they are available for use. If an upper
control level fails, the worst thing that can happen is that the
control drops back to safe (but less optimal) control at control
level 1. In addition, the concept suggests a broader definition
of the term ‘actuator’. For example, a pump is not just a pump;
it is a device that can move a desired amount of water, which
means that the device also contains a frequency converter
and a flow meter (or pressure transducer). The same principle
applies to valves, ridges, compressors, etc.

Level 3 Real-time
modelling, etc.

Q-Calc3-SP

Q-SP-Select2-3
Level 2
Calculations

Q-Calc2-SP

Q-SP-Select1-2
Q-default-SP

Operator

Q-Calc3-SP

Q-Calc-SP

PLC / Scada

Operator

Q-setpoint

SCADA Main station

Min.

Level2+ System

Q-measured

Reports, etc.

PID-out

Sec.
Local control loop
PLC

Frequency
converter

Msec.

Actuator
Figure 13
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Sensors / Actuators

Figure 14
Flowmeter

Pump

The multi-layer structure illustrated below ensures flexibility and
supports modularity because the lowest level is component
related, whereas the upper levels are process related. This
means that the various processes can be implemented at different operations of the components through their settings (set
points). This is exactly where process knowledge can be used
for optimisation purposes.

The increased complexity at the upper levels requires that the
Level2+ system acts as a data integrator since data can come
from sources other than the PLC/SCADA, and because calculations can be made in other systems—deterministic models,
AI systems, etc. However, regardless of the complexity of the
control and operation, it is the same local control loops that are
available.

Multi-layer structures
Level 2 System
External modelling software (wellfields, distribution
network and discharge
systems, wastewater treatment plant, etc.)

Software sensors, Process
alarms, Regulators, Models

Validated
data
Other systems (Databases,
Labs, Maintenance,
Meteorology, …) and
manual data entry

Results
incl. set points

Data validation, Signal filtering,
Aggregation, Visualisation,
Reporting

Measurements
Set points

Set points

SCADA/PLC (OPC server)
Sensors/Actuators

Figure 15
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7

Calls for tenders
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Upcoming calls for tenders

Description of the individual
calls for tenders

Overall timetable

Upcoming calls for tender

As part of the realisation of Aarhus ReWater, a number of
tenders will be called over the coming years.

Demands for consultancy and contract work will arise on a
regular basis for the realisation of Aarhus ReWater. In order to
honour the wish to include the latest technology and foremost
competencies and know-how—national as well as international—the main contracts are expected to be performed as
FIDIC contracts. Aarhus Vand believes this to be the best way to
encourage international cooperation.

The tenders will be staggered and called when it is time to
activate the services in demand. However, before any contracts
for construction work can be entered, the preceding regulatory
process (EIAA, district plan and supplement to local government
plan) must have been completed.
The tender calls are expected to be completed in accordance
with the Utilities Directive, which inter alia allows for negotiated
procedures and innovation partnerships.
The detailed timetable for each tender call will appear from the
associated tender documents.

The following list is thus an indication of tender calls completed/
expected to be completed as part of the realisation of Aarhus
ReWater.
• Client consultant

• ensuring adequate competition.
• ensuring the right competencies for the individual job.

• EIA consultant

• ensuring a limited number of interfaces for the sake of error
prevention.

• Consulting architect

The final division into work and supplies depends largely on the
outcome of the process Aarhus Vand will go through together
with the Process Consortium for the design of the plant and
cannot be determined at present. Aarhus Vand hopes the following description will give interested consultants, suppliers,
contractors, research institutions, etc. enough insight into the
project to not only assess which tender would be relevant to
them but also at which time during the process they must show
an interest.

The expected breakdown in lots was based on some overall
considerations:

• Process Consortium

• ensuring coherence of recurring elements, such as control
units and overall CE marking of process and operation units.

• Turn Key Contractor, resource facilities (1-2)
• Turn Key Contractor, site development (including land
reclamation)
• Additional calls

The planned tender calls are subsequently described in overall
terms to provide insight into their contents and show how they
differ.

ReWater - TIMETABLE
Regulatory process

Start		

End

EIA, Master Plan

01-06-2019

01-04-2021

EIA, Raw material extraction

01-06-2019

01-04-2021

01-07-2021

01-01-2022

Site development (incl. land reclamation) 01-01-2022

01-07-2023

Tender call for EIA consultancy

Preparatory works

Tender calls for site development

Project planning and design

Tender calls for Consulting architect

01-12-2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

01-05-2019

01-06-2019

01-10-2019

Tender calls for the Process Consortium 01-07-2019

01-02-2020

Tender calls for the main contracts

01-09-2019

01-04-2020

Phase 0 – Appointment of partners

01-02-2020

01-10-2020

Phase 1 – Initial design

01-10-2020

01-07-2021

Phase 2 – Preliminary design

01-07-2021

01-01-2023

Phase 3 – Detailed design

01-01-2023

01-07-2024

Execution

01-07-2024

01-07-2027

Figure 16: Overall timetable for tender calls and execution
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Client consultant
In the autumn of 2017, Aarhus Vand called
tenders for client consultancy for the purpose of appointing a consultant to undertake client consultancy at Aarhus ReWater
up until the commissioning of the entire
process plant, including 1 and 5-year inspections.
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The client consultant provides, among other things:
• Technical input for the EIA
• Technical counselling
• Tender counselling
• Counselling in other respects
The client consultant is Aarhus Vand’s independent general
consultant who gives advice in relation to the project’s other
partners. The client consultant assists with experience and expertise in relation to the overall process and ensures that Aarhus
Vand has the necessary prerequisites to taking the necessary
decisions at the right time. The client consultant assists Aarhus

Vand and may deputise Aarhus Vand in the dialogue with the
project’s other partners. The client consultant will also challenge
and verify the suggestions and recommendations put forward by
the project’s other partners so as to ensure that the project stays
within the overall vision and financial framework. In addition, the
client consultant will perform quality follow-up in all stages of the
construction work.
The task as general client consultant has been assigned to:
COWI A/S
Aarhus Vand will continuously involve other client consultants
and specialists as sounding boards and for qualified testing of
main principles as well as specific technical choices and the
price level for proposed solutions. The aim is to strengthen the

client organisation and ensure the required professional and
impartial decision-making competence at Aarhus Vand.

EIA consultant
In the spring of 2019, Aarhus Vand will call
tenders for EIA consultancy for the implementation of EIA (Environmental Impact Assessment process) at Aarhus ReWater.
The tender project is carried out in collaboration with Aarhus
Municipality, and EIA consultancy regarding Aarhus ReWater is
part of a comprehensive EIA of “The Tangkrogen Master Plan”,
which also includes Marselisborg Marina and the event area by
Tangkrogen.
EIA consultancy services include preparation of environmental
assessment, reporting and, more specifically, technical advice,
among other things.

The EIA consultant’s work and the ongoing EIA process initiated
under the auspices of Port of Aarhus will be closely related.
Technical input for the EIA will therefore be provided to varying
degrees by the project’s other parties (Aarhus Vand, Aarhus
Municipality, Port of Aarhus, the client consultant, etc.) where
this is considered appropriate from a demand to:
• have close, coordinated cooperation between the two
projects

The task is special in that a political decision has not yet been
reached in Aarhus City Council about the final location of Aarhus
ReWater. There are three possible locations, all of which are
expected to be included in the further work on the EIA.
The assignment of the task of EIA consultant is expected to take
place in 2019.

• take the cumulative aspects into account
• ensure consistency between the two projects in terms of the
methodology used in the surveys and assessments so that
results and assessments appear uniform
• avoid duplication.

The three locations

Aarhus

Aarhus

r
t
ate plan
w
e
t
t
as en
W atm
tre

Aarhus

Wastewater
treatment
plant

Aarhus Marina

The main proposal: The wastewater treatment plant is placed next to an expansion of the Marselisborg Marina.

Wastewater
treatment
plant
Applied for
port expansion

Aarhus Marina

Alternative 1: The wastewater treatment plant is placed at the existing port areas
owned by Port of Aarhus.

Aarhus Marina

Alternative 2: The wastewater treatment plant is placed on the territorial sea outside
the riprap on the Eastern pier in connection with a planned extension of the outer
Eastern harbour (Østhavnen).
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Consulting architect
Expertise
Aarhus Vand plans to attach a consulting
architect to the Aarhus ReWater project
sometime during 2019.

Rather than turn into an isolated, detached element, Aarhus
ReWater, through its planning and design, must tell the story of
its vital importance as an integrated element in everyday life in
Aarhus.

The task

The plant’s central position and interaction with the surrounding
city is therefore of vital importance for the design of the plant.

With a location between the sea and the land, the city and
the harbour, the marina and the event area, Aarhus ReWater
requires an adaptation that reaches beyond its mere utility value
and includes its surroundings—in other words, the demands of,
and facilities for, its citizens.

The service provided by the consulting architect must include
preparation of an overall architectural framework for the entire
resource facility in the form of a master plan, including an overall
design manual.

The interaction with the surroundings will allow the plant to function as a link between citizens and users, thus demonstrating its
central and crucial importance for the hygiene and health of the
surrounding society.

The master plan for the project will, among other things, ensure:
• A focus on the interaction between the land and the sea, the
city and the harbour, the marina and the event area—connecting the plant to its surroundings.
• A focus on the interaction of the plant layout and its processes from the perspective of its users. In other words,
good working conditions in terms of accessibility,
serviceability, cleaning, etc.
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• A general overall architectural vein
• An established and defined quality level for the entire plant.
• A well-functioning and coherent infrastructure, including the
design of roads and paths.
• Coordination and agreement with the surrounding areas,
including the Marina and the port areas.
The consulting architect must support the overall flexibility and
modularity thinking.
In addition to the above, the consulting architect is expected to
provide inputs for the EIA process.
The contract is expected to be designed as a framework agreement, which will give Aarhus Vand the option of transferring
the consulting architect to the two turn key contractor teams.
If Aarhus Vand exercises this option, the consulting architect
will, in addition to the above, be responsible for the preliminary
design and detailed design of the individual installations,
buildings and outside areas.

The consulting architect is expected to possess strong competencies in urban planning, landscape architecture as well as
building design. Aarhus Vand therefore agrees to the consulting
architect’s consisting of a team of companies which together
possess the competencies required to resolve the task.
Furthermore, it is crucial that the consulting architect is able to
enter a close, open and constructive cooperation with technical
engineers (Process consortium, suppliers, etc.), contractors and
the client on the development of the resource plant of the future,
with technologies, modularity and flexibility as the underlying key
concepts for the development of a state-of-the-art plant and
where partnering must ensure that each cooperation partner
acts in the interest of everyone involved.

Innovation
Aarhus Vand expects the consulting architect to possess the
skills to actively contribute to solving Aarhus Vand’s innovation
challenges, for instance innovation challenges #1, #14 and #15.

Process Consortium
The task
Aarhus Vand plans to call tenders for the
Aarhus ReWater Process Consortium
during 2019.

The service to be provided by the Process Consortium involves
the establishment of a basis for the design, and subsequent
design of the total process plant (resource plant). Focus should
be on creating a state-of-the-art resource plant with a high
degree of flexibility and modularity.
As the primary contract holder, the turn key contractor will
be in charge of project management. However, the Process
Consortium is expected to contribute actively to process management and be the proactive and driving force in the design
phase.
The Process Consortium must identify, assess and carry out a
risk assessment of all relevant current and future technologies.
Rather than focussing on one specific technology, it is important
that the Process Consortium is able to identify and bring into
play all current and future technologies. The Process Consortium
is therefore expected to provide independent advice, regardless
of which technologies the Process Consortium would be able to
contribute themselves.
To realise Aarhus Vand’s vision of building the world’s most
resource-efficient wastewater treatment plant, the Process

Consortium must also help identify the resources to be extracted
based on their present and expected future potential.
The Process Consortium must therefore set up solution scenarios for the design of the total process plant (the resource plant)
and subsequently develop and determine the preliminary design
together with the client.

recommended resource extraction and mutual interfaces/supplies and technical requirements. All of this in order to ensure the
quality of the overall plant.
The Process Consortium must help define and describe Aarhus
Vand’s demands for automation (including automation of future
maintenance), digitisation and use of collected data.

Throughout the process, the choice of technologies must be
subjected to a risk assessment to ensure Aarhus Vand the
necessary basis for making informed choices. The technologies
will be weighed against the UN’s 17 Global Goals, and environmental economic analyses will be carried out.

The Process Consortium must also plan the commissioning of
the plant, including the involvement of Aarhus Vand’s organisation and, already in the design phase, involve Aarhus Vand’s
operating department in order to ensure optimal and efficient
operation.

The Process Consortium must define the interfaces between
the different technologies and supplies, including the interfaces between the main contract for water treatment and the
main contract for sludge treatment. Furthermore, the Process
Consortium must determine the requirement specifications as
well as process and performance guarantees. The Process
Consortium must therefore ensure overall consistency between
the individual contracts/supplies and formulate the technical requirements for these, including quality requirements for

All of the above takes place in collaboration with Aarhus Vand.
The Process Consortium must, however, be the guiding and
driving force.
It should be noted that in connection with the subsequent procurement process, the Process Consortium will still be able to
supply technologies; however, this is no longer guaranteed. The
Process Consortium must therefore understand its main role as
a design consultant and not a supplier of technology.
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Expertise
The Process Consortium must be able to manage and drive the
process of developing and establishing the preliminary design
for the entire process plant (the resource facility).
Aarhus Vand expects the Process Consortium to possess the
skills to design a project of a size and complexity similar to that
of Aarhus ReWater. The Process Consortium is expected to be
able to proactively carry out process management and handle
overall as well as highly detailed aspects.
The Process Consortium must be able to support a co-created
project attended by various partners (the client, contractors,
etc.) who must all be given a possibility to contribute with their
expertise.
The Process Consortium must therefore be able to support
the numerous ideas and changes that arise in the joint project.
As the overall managerial party with a never-failing overview of
the process plant, the Process Consortium must also be able
to handle the consequences associated with the suggested
changes. The Process Consortium is also expected to be
capable of working with all types of technologies rather than a
narrowly selected range and to assume a proactive role in
ensuring project progress.
The Process Consortium is expected to anchor the spirit of
partnering in its own organisation.
The Process Consortium must continuously ensure involvement
of Aarhus Vand’s organisation, and Aarhus Vand’s operating and
service departments, in particular, must be involved to ensure
optimal and efficient operation.
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The task requires insight into the interrelation of water treatment
and resource flows. The Process Consortium must possess
professional insight into machine supplies, electricity and ventilation systems, odour emission/minimisation, and an overview
of hydraulics that supports the flexibility thinking. In addition,
competencies are demanded within:
• Comparison of life-cycle assessments/environmentaleconomic analyses
• Volume, energy and resource scenario
• Volume, energy and resource balances
• Volume balance (COP, N, and P)
• Energy balance (electricity and heating)
• Process model for waterways and sludge ways
• Automated operation and maintenance
The Process Consortium must also be able to engage in a
dialogue with Aarhus Vand on digitisation to ensure that the
solutions take Aarhus Vand’s requirements for a data platform,
governance, etc. into consideration.
Working with so many different technological solutions requires
expertise, preferably international expertise. The Process
Consortium is therefore expected to consist of more than one
consultant.

Innovation

Innovation partnership

Aarhus Vand expects the Process Consortium to contribute
actively to the solution of Aarhus Vand’s innovation challenges,
including the connection to and inclusion of the UN’s Global
Goals.

The contracts for the Process Consortium will be carried out as
an innovation partnership. When the innovation partners have
been appointed, the Process Consortium will enter into 1-2 main
contract teams together with a turn key contractor appointed by
Aarhus Vand. For further information on the innovation
partnership, reference is made to the section on the tender
model.

The Process Consortium is expected to apply the latest knowledge and experience from the design phase, which may help
support Aarhus Vand’s visions and ambitions about modularity,
flexibility and resource exploitation, including qualified choices of
technologies and process installations.
The Process Consortium must assume the role of facilitator
of the innovation process and be the driver of the innovation
process based on its own experience and the tools and frameworks offered by Aarhus Vand in the present Prospectus.

Turn Key Contractors (Resource plant)
Aarhus Vand plans to call tenders for the
main contracts for the resource plant
during 2019.

The task

Expertise

Innovation

The task consists of designing, planning and constructing the
total resource facility.

The turn key contractor must be able to manage and drive the
design phases and execution of the resource plant.

As a starting point, the task will consist of two main contracts.
Depending on the outcome of the tender process, the task may,
however, be executed in a single main contract. (Reference is
made to the description of the tender model.)

Aarhus Vand expects the turn key contractor to possess the
skills to plan and manage a project of a size and complexity
similar to that of Aarhus ReWater. The turn key contractor is
expected to be able to proactively manage and drive the
process (finances, time, quality, risk and work environment) and
involve the right competencies in the project team as required.

Aarhus Vand expects the turn key contractor to be able to
contribute actively to the solution of Aarhus Vand’s innovation
challenges, including the connection to and inclusion of the
UN’s Global Goals.

If the tender process results in two main contracts, they will
most likely be divided into water and sludge treatment, respectively. Final interfaces between the two main contracts will be
determined by Aarhus Vand with the assistance of the Process
Consortium.
During the design phases and execution, the turn key contractor
will be in charge of project management in terms of finances,
time, quality, working conditions as well as risk assessment, in
their own organisation and also in relation to subcontractors,
consultants and suppliers.
The choice of subcontractors, sub-suppliers and sub-consultants is made by the turn key contractor and Aarhus Vand, and
all major subcontractors, sub-suppliers and sub-consultants will
be involved in the partnering cooperation. Attention is drawn to
the fact that the turn key contractor will be part of a turn key contractor team together with the Process Consortium appointed
by Aarhus Vand, and that the consulting architect appointed by
Aarhus Vand may also form part of the turn key contractor team.
When setting up the individual turn key contractor team, a short
common introductory innovation course will ensure that decisions and considerations from the initial Process Consortium
and turn key contractor procedures are shared and that roles
and responsibilities for the further course are made clear to all
project participants. The turn key contractor is expected to take
upon them the role as course manager.

The turn key contractor must be able to facilitate the cooperation
and support a co-created project attended by various partners
(the client, process consultant, etc.) who must all be given a
possibility to contribute with their expertise.
The turn key contractor is expected to be able to anchor the
partnering spirit of the project in their own organisation and
facilitate it in their cooperation with the other project members.
The turn key contractor is expected to be able to meet Aarhus
Vand’s demand for the application of 3D design and Virtual
Reality as a communication tool when Aarhus Vand’s employees
have to comment on the design of the plant.

The turn key contractor is expected to apply the latest
knowledge and experience from the design phase, which
may help support Aarhus Vand’s visions and ambitions about
modularity, flexibility and resource exploitation, including qualified
choice of materials, lifetime and methods of execution.
The turn key contractor is expected to take upon them the role
of cooperation manager to ensure overall consistency between
the finances, time and quality.

Innovation partnership
The main contract for the resource plant will be carried out as an
innovation partnership. When the innovation partners have been
chosen, the turn key contractor will be part of a turn key contractor team together with the Process Consortium appointed by
Aarhus Vand. For further information on the innovation partnership, reference is made to the section on the tender model.

The turn key contractor must involve Aarhus Vand’s organisation
on an ongoing basis, in relation to design, project planning,
execution and implementation of the plant. Aarhus Vand’s
operating and service departments must be involved in the
design and project planning to ensure optimum and wellfunctioning operation, and in the running in and hand-over.
With the chosen model, Aarhus Vand will have an influence on
the set-up of the turn key contractor team and may demand
that a partner should be replaced in case they do not contribute
satisfactorily. Similarly, Aarhus Vand may demand that further
competencies should be added to the team.

The turn key contractor will be in charge of the procurement
of technologies, etc. and they must ensure to involve Aarhus
Vand in the procurement process as part of the open economy.
Aarhus Vand reserves the right to ask for additional offers for the
supply of sub-services and sub-deliveries.
In all stages of the process, focus must be on the working
environment (during execution and operation) as well as the
incorporation of the UN’s Global Goals and Aarhus Vand’s
certifications.
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Turn Key Contractor (Site development)
Aarhus Vand plans to call tenders for the
main contract for site development of
Aarhus ReWater during the second half
of 2020.

The task

Expertise

Innovation

The service which the turn key contractor must perform consists
of design and execution of site development of Aarhus ReWater.
The extent depends on the outcome of the EIA process and
will be determined in the forthcoming call for tenders. If Aarhus
ReWater is to be established on the territorial sea, the main
contract will include bunging and land reclamation, etc.

The turn key contractor must be able to manage and drive
design, project planning and execution of the project. Aarhus
Vand expects the turn key contractor to possess the skills to
design, plan, execute and manage a project of a size and
complexity similar to site development of Aarhus ReWater. The
turn key contractor is expected to be able to proactively manage
and drive the process (finances, time, quality, risk and work
environment) and involve the right competencies in the project
team as required.

Aarhus Vand expects the turn key contractor to contribute
actively to the solution of Aarhus Vand’s innovation challenges,
including the connection to and inclusion of the UN’s Global
Goals, and with a focus on the challenges and goals considered
to be most relevant for the construction contract. Requirements
for the main contract will be determined in the specific tender
documents.

During design and execution, the turn key contractor will be in
charge of project management in terms of finances, time, quality,
working conditions as well as risk assessment in their own
organisation and also in relation to subcontractors, sub-consultants and sub-suppliers.
The choice of subcontractors, sub-suppliers and sub-consultants is made by the turn key contractor and Aarhus Vand, and
all major subcontractors, sub-suppliers and sub-consultants will
be involved in the partnering cooperation.

The task requires professional insight in the field of soil engineering, civil engineering, land reclamation, bunging, supplies,
landscape work and road construction, among other things.
The turn key contractor must be able to facilitate cooperation
and support a co-created project attended by various partners
(the client, consulting architect, etc.) who must all be given a
possibility to contribute with their expertise.
The turn key contractor is expected to be able to anchor the
partnering spirit of the project in their own organisation and
facilitate it in their cooperation with the other project members.
The turn key contractor must involve Aarhus Vand’s organisation
on an ongoing basis, in relation to design, project planning and
execution.
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The tender model
Innovation partnership
In a traditional tendering process, the product is typically described rather detailed
from the outset. This places heavy demands on the client’s ability to describe
the services demanded in detail. As Aarhus
ReWater will be realised based on future
solutions, it is not possible for Aarhus Vand
to design the plant themselves. Instead
this must be done in cooperation with the
strongest competencies of the trade who,
together, possess the greatest knowledge
of the present and future technologies.
Another characteristic feature of the tendering process is the
formation of teams—often before the client has published the
tender documents— of which the client has no influence. This
means that the teams submitting tenders may not the strongest
and most relevant teams.
Aarhus Vand acknowledges that the traditional tender procedure, which often makes heavy demands for the submission of
comprehensive material by potential bidders, leads to significant
transaction costs.
Aarhus Vand therefore expects to carry out a number of calls
based on a model that limits the above costs, enables a more
flexible team formation, and leaves room for innovation and
development in the initial and preliminary design phases until the
project and the finances are finally locked in the detailed design
phase prior to execution.
Consequently, it must be possible to attach/replace cooperation
partners (sub-consultants, subcontractors and sub-suppliers)
during the process as it becomes clear which technological processes must be included in the realisation of Aarhus ReWater.
The model will be described in more detail in the following
and unfolded in the individual tenders as variation is expected
between the individual tenders.

The Aarhus ReWater project involves considerable innovative
elements required to realise the vision of becoming the world’s
most resource-efficient treatment plant. Therefore, it has been
decided that the Process Consortium and the main contracts
for the proper resource plant should be in the form of innovation
partnerships, cf. Directive 2014/25/EU on procurement by
entities operating in the water, energy, transport and postal
services sectors, (Article 49).
This, in order to utilise the opportunity to enter one or more
partnership contracts to develop and subsequently procure
services, goods and/or building and construction work for a
state-of-the-art resource facility.
Innovation partnerships represent a new and special procedure
for the development and subsequent procurement of new, innovative products, building and construction work and services.
The innovation partnership begins with a traditional negotiated
procedure followed by an innovation phase and concludes
with procurement (detailed design and execution). Aarhus Vand
wants to use the innovation partnership to find the right cooperation partners to realise the Aarhus ReWater project. During the
initial phase, the partners’ competencies will be brought into play
in proper cooperation with Aarhus Vand, and the final appointment of partners will be based on the partner’s performance in
relation to the specific project, Aarhus ReWater, not on CVs or
previous experience with partnering.

the completion of each milestone. If several parallel innovation
partnerships have been entered, Aarhus Vand similarly reserves
the right to reduce the number of members in the innovation
partnership. This is done by terminating the individual contract.
Aarhus Vand expects the number of innovation partners to be
reduced to 1 Press Consortium and 1-2 turn key contractor after
the initial Phase 0. The further innovation process of establishing
the preliminary design and detailed design of Aarhus ReWater
will then be together with these cooperation partners.

Negotiated
procedure

Prequalification

Procurement

The innovation process ends with the conclusion of one or more
contracts for the procurement of the developed service—on
the condition that the goals and results established for the innovation partnership have been achieved during the innovation
process. In the context of Aarhus ReWater, this procurement is
expected to initiate the actual execution of the planned resource
facility.
Regardless of the outcome of the innovation process, Aarhus
Vand maintains the ownership of the prepared materials.

Initial
phase

Tenders

Milestones

Choice

Negotiated procedure

The first phase consists of a negotiated procedure, the purpose
of which is to appoint the partners that will form part of the innovation partnership. A prequalification will limit the number of
bidders, taking into account the total transaction costs of the
parties involved. The prequalification is followed by a phase of
negotiated procedure where the partnership contracts will be
awarded based on an evaluation of “best quality ratio”. This is
how the innovation partners are found. Aarhus Vand expects to
designate 2-3 innovation partners on the basis of the completed
call for tenders. The final number will appear from the individual
tender document.

Innovation partnership

Then follows the second phase. This phase is expected to
consist of 2-3 parallel innovation processes during which the
final solution is developed. The innovation partnership will be
divided into phases with corresponding milestones. Aarhus
Vand reserves the right to terminate a partnership contract upon
Figure 17: Example of the course of the innovation partnership’s initial phase, Phase 0.
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Performance and process guarantees
The contractors will have to meet a number
of performance and quality requirements,
to be determined in the tender document
and/or when the innovation partnership has
to decide on the final solutions and technologies.
A demand is to be expected for the retention of a percentage
of the contract sum until the services supplied have been run in
and all demands in relation to the performance and quality guarantee have been met. The final requirements will be determined
on the basis of the preliminary design before the initiation of the
detailed design and/or execution.
The figure offers an overview of performance and process
guarantees typically included in the implementation of the main
contracts.

Plant treatment phase

Main contract in the form of a partnership

Main process

Performance guarantee
(Examples)

Pre-treatment

• Hydraulic capacity

General process
guarantee

Guarantee of resource
recycling (Examples)

• Energy consumption
• Chemical consumption
Primary treatment

• Hydraulic capacity
• Energy consumption

Secondary treatment

• Hydraulic capacity
• Energy consumption, oxidation
• Energy consumption, mixers
• Extra carbon for denitrification
• Chemical consumption
• Oxidation efficiency

Tertiary treatment

A general process guarantee is
possible (water/sludge line). This
includes removal of pollutants in all
of the phases of the plant.

• Hydraulic capacity
• Energy consumption/production
• Chemical consumption

Sludge treatment

• Energy consumption/production

• Energy production

• Chemical consumption
• Value of biogas production

Extra installations
Resource consumption
(product creation)

• Additional capacity
• Energy consumption
• Chemical consumption

Odour treatment
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• Odour unit/m3, capacity

• Phosphorous recovery share (%)
A general process guarantee is
possible (water/sludge line). This
includes removal of pollutants in all
phases of the plant.

• Sand

8

Cooperation and
contractual obligations
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Cooperation and contractual obligations
Partnering
Aarhus Vand’s primary partners for the
realisation of Aarhus ReWater will be the
turn key contractor teams building the resource facility.
The following description of cooperation and contractual obligations focuses on the above contractual relationship. Where
the other partners are concerned, their relations with the turn key
contractor will also be described.
First, however, there is an introduction to the concept of
partnering.

Aarhus Vand has extensive and very good experience of implementing projects through partnering. This is why Aarhus Vand is
convinced of the value of close, long-term cooperation, where
openness about finances and solutions helps the parties focus
on the project and reap the benefit of the innovation achieved.
Partnering is thus a natural part of Aarhus Vand’s DNA. Having
weighed experience from previous partnering—good and
bad—Aarhus Vand believes partnering to be the right mode of
cooperation for the establishment of Aarhus ReWater.
Partnering is defined as cooperation based on dialogue, trust
and openness with the objectives and financial interest being
shared by the project partners.
For almost 15 years, Aarhus Vand has been working on the
development of an alternative mode of cooperation in building
and construction based on partnering. This conscious choice
is based on financial, qualitative and social considerations and
interests.
One of the objectives of the Danish Water Sector Act, which
Aarhus Vand is subject to, is that the water and wastewater
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sector in Denmark must increase the efficiency of their activities.
In order to meet this requirement, Aarhus Vand has chosen to
base the majority of the calls for tenders on partnering.

and honest dialogue will make it easier to support each other
in achieving a number of shared objectives. Furthermore, it
reduces the risk of conflicts.

By choosing partnering as the preferred mode of cooperation,
Aarhus Vand wants to shift the focus from own interests to
shared interests and give prominence to the project and the
good shared solutions. This will prevent the individual partner
from only looking after their own interests and finances.

By means of partnering, Aarhus Vand wants to achieve:

The purpose of partnering is that all partners acknowledge the
interdependence and give enough priority to the actual cooperation to recognise each other as “partners” and openly discuss
issues and shared interests associated with the project.
Aarhus Vand expects all partners to profit from helping each
other through partnering and that additional value will be
generated to everyone involved—the partners as well as Aarhus
Vand.
The whole idea of partnering is to make use of a mode of
cooperation which improves mutual respect and trust between
the partners trough open and honest communication. Open

• a shared vision for Aarhus ReWater
• project orientation
• optimal utilisation of industry know-how to ensure a state-ofthe-art facility
• socially and technically rewarding cooperation
• a healthy business model and incentive for all parties.

Contract set-up for the primary main contracts
Organisation of the cooperation
The turn key contractor teams building
Aarhus ReWater are considered Aarhus
Vand’s primary cooperation partners.
Attention is drawn to the fact that the
Process Consortium is part of these teams.
The set-up for the primary main contracts will appear from the
following organisation chart for the individual turn key contractor.
Aarhus Vand expects to call tenders for two main contracts for
the actual resource plant—one for water treatment, and one for
sludge treatment.
The choice of subcontractors, sub-consultants and sub-suppliers will be made in cooperation with Aarhus Vand, who will
also pre-approve them. If necessary, the client may replace and/
or attach subcontractors, sub-consultants and sub-suppliers
during the project.
Internally, the Aarhus Vand organisation consists of a steering
group, a project group and a number of working groups.
The steering group, which consists of representatives from

Aarhus Vand’s management, is responsible for approving and/or
deciding on the recommendations and proposals submitted by
the project group.
The turn key contractor’s primary contact point will be Aarhus
Vand’s project group, which consists of employees from Aarhus
Vand allocated for the project. The project group is represented
by Aarhus Vand’s project manager, who is in charge of the dayto-day contact with the turn key contractor.
To support the project group, a number of Aarhus Vand inhouse working groups have been attached, each of which have
their own area of expertise. Coordination and communication
between the working groups and the turn key contractor will be
through the project group.
In addition to the turn key contractor, Aarhus Vand will enter a
framework agreement with a consulting architect, among others,
and a client consultant will also be appointed. The consulting
architect may also form part of the turn key contractor team.
For a detailed description of the services and roles of these
consultants, reference is made to the previous section of the
Prospectus.

Cooperation between the parties will be organised on a number
of levels.
Project Group: A project group and a steering group will be set
up for each main contract. The project group consists of at least
one project manager from Aarhus Vand and the turn key contractor. The project group’s task is to have the ongoing dialogue
with the parties.
Steering Group: Partnering is expected to support a mode of
cooperation that contributes to minimising the level of conflict. To
support the project team, a steering group will be set up consisting of representatives from the management of Aarhus Vand
and the turn key contractor. The steering group is expected to
have an active role and have meetings on a monthly basis. Any
issues that arise during the project and which cannot be settled
at project group level, will be taken to the steering group, who
will then address them.
Coordination Group: If Aarhus Vand enters a contract with
several contractors, which will require co-ordination of interfaces,
Aarhus Vand will institute the setting up of a new coordination
group to ensure coordination of interfaces and avoid sub-

Aarhus Vand
Steering Group

Steering Groups
Consulting
architect

Turn key contractor

Subcontractor(s)

Client consultant

Turn key
contractor

Subcontractor(s)

Subconsultant(s)

Coordination
Group
Process
Consortium

Joint Steering Group: The coordination group will be supplemented by a joint steering group staffed by management
representatives with the necessary decision-making powers.
The role of the joint steering group is to address issues that cut
across the individual steering groups/contracts.
The coordination group may, when relevant, decide to set up
sub-coordination groups for the management of specific tasks.
The organisation of a project the magnitude of Aarhus ReWater
will, over time, come to encompass a very large number of
people who will be divided into a large number of groups
(project group, steering group, coordination group, etc.). To
ensure a better basis for continuous knowledge-sharing and
coordination, a demand by Aarhus Vand for a project office to be
shared by key employees from all major cooperation partners is
to be expected.

Joint
Steering Group

Working groups

Aarhus Vand
Project Group

optimisation. The coordination group will be formed by the
individual turn key contractors’ project managers and Aarhus
Vand’s project manager.

Figure 18: Organisation of the
main contract

Steering Group 1

Steering Group 2

Turn key contractor 1

Turn key contractor 2

Aarhus Vand

Aarhus Vand

Project Group 1

Project Group 2

Turn key contractor 1

Turn key contractor 2

Aarhus Vand

Aarhus Vand
Figure 19: Organisation
of the cooperation
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Cooperation phases and incentive
The starting point for the cooperation
model for the primary turn key contractor
teams is an innovation partnership based
on the concept of partnering. Cooperation
is divided into a number of main phases:
Initial design, Preliminary design, Detailed
design and Execution.

flexible team formation in that it will allow for partner replacement
(sub-consultants, subcontractors and sub-suppliers) during the
process as it becomes clear which technological processes
should be applied for the realisation of Aarhus ReWater. The
appointed consulting architect may also form part of the turn key
contractor team.

The Process Consortium must therefore be able to interact with
a team of turn key contractors and, through comprehensive
expertise and international experience, work with and

Innovation partnership

Prior to the call for tenders for the innovation partnership for the
Process Consortium and the turn key contractor, tenders will be
called for the consulting architect in relation to the drawing up of
a master plan for the project and sketches for the basis of the
EIA process.
Subsequently, tenders will be called for the innovation
partnership for the Process-Consortium. In parallel, tenders are
called for the innovation partnership for the turn key contractors.
As a starting point, the resource plant project is divided into two
main contracts—one for water treatment and one for sludge
treatment. Therefore, there will be a separate preliminary innovation
process for water treatment and one for sludge treatment. This
innovation process is referred to as Phase 0 in the figure.

It also means that, if required, technologies and know-how from
the isolated innovation partnerships may be included in the
appointed turn key contractor teams.

Negotiated
procedure
Prequalification

Initial
phase

Tenders

Milestones

Process
Consortium

46

It should be noted that tenders will simultaneously be called for
the other contracts.
Exit?

Exit?

Formation of turn key contractor teams
(Process Consortium + contractor)

Appointment

Consortium

Turn key contractor team 1
(water treatment)
Turn key contractor team 2
(sludge treatment)

Turn key
contractors

Water

Gates between the different phases offer a possibility to cancel the
cooperation and terminate the contract if the project is no longer
estimated to be realisable in a satisfactory manner. Regardless of
whether Aarhus Vand exercises their right to terminate a contract,
Aarhus Vand will have the ownership and title to material
prepared up until the time when the cooperation ends.
The chosen cooperation model based on partnering and
innovation partnerships is an attempt to bring about a more

Below is a detailed description of the various phases of the
further cooperation. The description is based on the assumption
that Phase 0 ends with the appointment of two turn key contractors and two turn key contractor teams.

Exit?

Upon completion of the initial phases of negotiated procedures
and parallel work with several intermediate goals (see description
of innovation partnerships in the previous chapter), Aarhus Vand
will appoint the Process Consortium and the turn key contractors they consider most suited to contribute to the realisation
of the vision for Aarhus ReWater.
At this stage, it is decided whether to appoint one or two turn
key contractors for wastewater and sludge treatment.
Phase 0 will therefore complete with the appointment of the
Process Consortium and presumably 1-2 turn key contractors,
who will then form one/two turn key contractor team(s). In case
two turn key contractors are appointed, the Process Consortium
will serve as consultant to both turn key contractor teams.

incorporate various technologies in the work to ensure a stateof-the-art resource plant across technologies.

Sludge

Figure 20

Phase 0

Choice of cooperation partners

Phase 1

Initial design

Phase 2

Preliminary design

Phase 3

Detailed design

Phase 4

Execution

Phase 0 - Appointment of partners

from the various contracts and subcontracts are determined to
assure the quality of the entire plant. This also includes determining the demands for process guarantees.

Then follows the innovation procedure, which—after an initial
phase—will lead to the appointment of the partners to take
part in the main contract teams contributing to the realisation of
Aarhus ReWater.
For a detailed description of the process leading to the appointment of cooperation partners, reference is made to the previous
description of the innovation partnership.

Based on the output from Phase 0, some of the tasks to be
undertaken in Phase 1 are a further processing of:

In this phase, a negotiated procedure is carried out for the appointment of partners to take part in the innovation partnership.

Phase 1 - Initial design

When the Process Consortium and turn key contractors have
been appointed and the turn key contractor teams have been
set up, the initial design phase (Phase 1) is initiated.
In this phase, the preliminary design of the plant is carried out,
including the identification of ”waterways” throughout the plant
and main principles for treatment processes based on the
demands for innovation, modularity and flexibility.
The initial design phase must ensure coherence throughout the
plant and across all processes; however, without compromising
the possibility of continued innovation in the subsequent Phase
2 (Preliminary design).
Furthermore, the various supplies are determined, and all interfaces are unambiguously defined; demands for input and output

Phase 2 - Preliminary design

In this phase, the parties cooperate on the development of the
preliminary design, on which the initiation of the detailed design
will be based. On the basis of Aarhus Vand’s overall objectives
and demands, the parties must jointly seek the best solutions
based on an overall balance of quality and time within the given
financial framework.

• Preliminary flow and process chart

In connection with the implementation of this phase, it will be
clarified which technologies to incorporate and/or make the plant
ready for. The establishment of the preliminary design therefore
requires the inclusion of a long row of different competencies
and expertise several of which will not be known at the time
when the process is initiated.

• Preliminary hydraulic profile
• Environmental Economic Analysis (development of tool and
1st calculation. It should at all times be possible to use the
tool for the assessment of new technology packages)
• Resource pyramid
• Radar

This phase will therefore resemble an innovative learning
process, where the experience gained is included in the further
work. A number of courses and workshops will have to be
carried out to address various themes. Each workshop ends
with a risk analysis, in which the current risks are identified and
capitalised as part of the ongoing risk and financial management. For more information, reference is made to the following
section about financial follow-up and risk management.

• First suggestion of technologies (including alternatives)
• Environmental 0 impact
• Preliminary design of future operations and maintenance
• 1st budget, environment and finances
After the implementation of Phase 1, an exit option will entitle
Aarhus Vand to stop the cooperation and terminate the contracts if the project is no longer estimated to be realisable in a
satisfactory manner. If Aarhus Vand decides to continue the
cooperation, preparation is made for Phase 2.

In between the workshops, further work will be based on the
experience and decisions of the latest workshop.

The figure below illustrates the process with three main phases
(WS1, WS2 and WS3). It should be noted that it may be
necessary to break each of these workshops into a number of
sub-courses to create the necessary progression of the project.
Working groups will also be established for work on sub-areas
between the various workshops.
The primary work within each main contract will consist of cooperation on design with the participation of the turn key
contractor (incl. the Process Consortium and, possibly, the
consulting architect), subcontractors, sub-suppliers and subconsultants appointed by the client, the client themselves and
the client consultant, among others.
Each turn key contractor team is obliged to participate in
coordination work together with the other partners, including the
second turn key contractor team. The aim of this cooperation
is to ensure cross-cutting coordination in the design phases as
well as the execution phase. The parties are obliged to engage
in co-operative partnering focusing on the optimisation of the
entire plant so as to ensure that decisions regarding subprocesses in one contract will not have a negative impact on
processes in the other contract.
The design phase does not end until the process design has
been unambiguously defined. Therefore, the detailed design
phase cannot be initiated as long as clarification is wanting in
relation to elements of an innovative nature which, due to uncertainty of the functionality and/or time, may risk having a major

Workshop
process
Workshop 1

Workshop 2

Workshop 3

• Common understanding

• Presentation of options

• Presentation of detailed design

• Opportunities

• Work with optimal design

• Choice of design

• Risk analysis

• Risk analysis

• Risk analysis

• Financial framework

• Financial framework

• Financial framework

• Opt-ins and opt-outs

Figure 21
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(negative) impact on the further process. Hence, a risk analysis
will be carried out at the end of the design phase to uncover any
wanting clarification.
Some of the tasks to be addressed in Phase 2:
• Involvement of subcontractors/sub-suppliers/sub-consultants
• Final flow and process chart
• Final hydraulic profile
• Final plant design
• Environmental Economic Analysis (2nd calculation)
• Determination of essential technologies
• List of possible future actions (2nd generation—when the first
version of the plant is complete)
• Risk assessment
• Process guarantees
• Description of the interfaces between the individual contracts
(process and contractual connections)
• Environmental 0 impact
• Design of future operations and maintenance
• 2nd budget, environment and finances
After the implementation of Phase 2, an exit option will entitle
Aarhus Vand to stop the cooperation and terminate the contracts if the project is no longer estimated to be realisable in a
satisfactory manner. If Aarhus Vand decides to continue the
cooperation, preparation is made for Phase 3.

Phase 3 - Detailed design

Phase 4 - Execution phase

This phase is carried out at several levels. The primary work
within each main contract will consist of cooperation on detailed
designing with the participation of the turn key contractor
(including the Process Consortium and, possibly, the consulting
architect), subcontractors, sub-suppliers and sub-consultants,
the client themselves and their process consultant and client
consultant.

Upon completion and prior to delivery, the plant will be tested
one last time, commissioned and run in.

The turn key contractor must take part in the coordination
together with the other turn key contractor team, among others.
The aim of this cooperation is to ensure cross-cutting
coordination in the design phases as well as the execution
phase. The parties are obliged to engage in cooperative partnering focusing on the optimisation of the entire plant so as to
ensure that decisions regarding sub-processes in one contract will not have a negative impact on processes in the other
contract.

Training of Aarhus Vand’s operating staff will take place
during the running-in period and be overseen by the turn key
contractors, the Process Consortium as well as all major subcontractors, sub-suppliers, and sub-consultants so as to ensure
that it is in the hands of the most competent party.

In this phase, the parties will cooperate on the preparation of the
final project, which will form the basis for the commencement of
the construction work.

Aarhus Vand has good experience using Virtual Reality to allow
employees ”a walk” in the plant to test whether it takes into
account the day-to-day operation such as access, location of
valves, etc. This way, any inappropriateness can be pinpointed
and prevented already in the detailed design phase with little or
no financial impact.
Aarhus Vand thus demands that 3D design and Virtual Reality
should be used as communication tools when Aarhus Vand’s
employees comment on the design of the plant.
It is very important to involve employees from the day-to-day
operations in this phase.
The innovation process ends with the completion of Phase 3.
An exit option entitles Aarhus Vand to stop the cooperation and
terminate the contract if the project is no longer estimated to be
realisable in a satisfactory manner. If Aarhus Vand decides to
continue the cooperation, preparation is made for Phase 4, the
procurement phase of the innovation partnership.
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In this phase construction work is initiated. Phase 4 cannot be
initiated before there is an approved project with an associated
target budget.

To ensure correct running in and satisfactory handing over of the
plant to Aarhus Vand’s operating staff, the turn key contractor
teams will undertake operation of the plant during a running-in
period.

Total finances for
the main contracts
Target budget
• Contribution margin
• Risk premium
• Capital expenditure

Client supplies
Client time
Financial reserve (client)
Figure 22

Remuneration of primary cooperation partners
Bonus programme
With the chosen collaboration model, there
is a financial framework for the individual
main contract within which the parties are
mutually obliged to attempt to realise the
project. Aarhus Vand expects the cooperation partners to contribute solutions and
set priorities for how best to achieve most
value within the given framework.
When working with the initial, preliminary and detailed design,
the turn key contractor undertakes the management of finances
for their own contract and prepares and updates a target budget
for the main contract to ensure consistency between the project
and the defined financial frame.
A risk premium must be budgeted for, which will decrease in
proportion with the detailing and specification of the project. For
more information, reference is made to the following section on
financial follow-up.
It is not until the completion of Phase 3, the detailed design
phase, that the target budget will be locked for the individual
main contract and apply to financial follow-up and subsequent
remuneration of the turn key contractor teams.
It is of crucial importance to Aarhus Vand that the preparation
of the target budget should be given much attention so as to
minimise the risk of exceeding the financial framework before the
execution phase is initiated.
At the same time, Aarhus Vand wants to incentivise to the invention and incorporation of good ideas in the project—in the initial
phase as well as after initiation of Phase 3 (the detailed design
phase).
With the above in mind, the following model has been established for the remuneration of the Process Consortium and the
turn key contractor(s).

Phase 0 – Appointment of cooperation partners

In Phase 0, Aarhus Vand will pay the cooperation partners
to participate in the innovation partnership, i.e. the process
after the negotiated procedure. The number of hours spent is
calculated as elapsed time at cost price with the addition of
contribution margin in accordance with the contractual basis.
Contribution margin (percentage) and hourly rates will be

determined in connection with the conclusion of the individual
partner contract, and the size of the percentage is expected to
be a competitive tool in the selection of partners.
The total remuneration for participation in the preliminary innovation process is, however, maximised, as the remuneration
budget for the completion of the process cannot be exceeded.
The remuneration budget is determined by Aarhus Vand and will
be disclosed in connection with the publication of the tender
document. The intention is to determine a common level for
the efforts across the participating cooperation partners. At the
same time, the process will test the extent to which the cooperation partner is able to engage in cooperation where
complete openness about the finances is decisive for the
success of the cooperation.

Phase 1 – Initial design

In Phase 1, Aarhus Vand will pay the cooperation partner to
participate in the initial design. The number of hours spent is
calculated as elapsed time at cost price with the addition of
contribution margin in accordance with the contractual basis.
Contribution margin (percentage) and hourly rates will be determined in connection with the conclusion of the individual partner
contract, and the size of the percentage is expected to be a
competitive tool in the selection of partners.

Phase 2 – Preliminary design

budget is established on the basis of the approved project and
associated capital expenditure.
The cooperation partner receives a fixed contribution margin
(percentage of construction cost) for the completion of the
contract.
The percentage is determined in connection with the conclusion of the individual partner contract, and the percentage is
expected to be included as a competitive parameter in the
selection of cooperation partners.
The target budget will subsequently be locked and can only be
changed in case of subsequent procurement or disposal.

Profit/loss sharing

In order to promote the joint focus of project optimisation and
cost-conscious thinking—even after the establishment of the
target budget—the contract for the resource plant with the individual turn key contractor will contain a model for profit/loss sharing.
Furthermore, Aarhus Vand reserves the right to apply profit/loss
sharing in other contractual relationships, for instance in the main
contract for site development. The final model is determined in
the cooperation contract, which will be published together with
the tender document.

In addition to the contribution margin, Aarhus Vand is considering giving the turn key contractor the opportunity to obtain
additional payment in the form of a series of bonuses that will
be granted if the project is realised within some narrowly-defined
terms. Examples of bonus targets appear from the following:

Target 1: Schedule compliance

Aarhus Vand’s goal is to carry out the project at the agreed time
for the sake of coordination with their other contracts, to ensure
the timely closure of Åby, Viby and Marselisborg WWTPs and
minimise the impact on the local area.
A bonus for target 1 is granted when the following criterion is
met:
• Construction is delivered on [date to be inserted after Phase
1] at the latest without any material flaws, cf. the requirements
and definitions of the tender document.
The bonus for fulfilment of target 1 is expected to make up, up
to 1% of the target budget of the contract. The size of the bonus
for target 1 will appear from the tender document.

Target 2: Flawless delivery

Aarhus Vand’s goal is to commission a resource facility that is
neither flawed nor defective. Payment of a bonus for target 2 is
subject to the simultaneous fulfilment of target 1.
A bonus for target 2 is granted when the following criterion is
met:
• All flaws, cf. the requirements of the tender document, have
been remedied prior to delivery.

In Phase 2, Aarhus Vand pays the cooperation partner to
participate in the preliminary design. The number of hours spent
is calculated as elapsed time at cost price with the addition of
contribution margin in accordance with the contractual basis.
Contribution margin (percentage) and hourly rates will be determined in connection with the conclusion of the individual partner
contract, and the size of the percentage is expected to be a
competitive tool in the selection of partners.

The model is based on the following principles: Profit/loss is calculated by comparing the total actual costs to the target budget
established upon the completion of Phase 3.
If the project is carried out at a price lower than the target
budget, established upon the completion of Phase 3, the
savings will be shared in accordance with the following
model:

The bonus for fulfilment of target 2 is expected to make up, up
to 1% of the target budget of the contract. The size of the bonus
for target 2 will appear from the tender document.

Phase 3 – Detailed design

• Client 		

50%

• Partner

50%

Aarhus Vand’s goal is to ensure that commissioning of the
resource plant is progressing effectively and timely. Payment of
a bonus for target 3 is subject to the simultaneous fulfilment of
target 2.

In Phase 3, Aarhus Vand will pay the cooperation partner to
participate in the detailed design phase. The number of hours
spent is calculated as elapsed time at cost price with the addition of contribution margin in accordance with the contractual
basis. Contribution margin (percentage) and hourly rates will be
determined in connection with the conclusion of the individual
partner contract, and the size of the percentage is expected to
be a competitive tool in the selection of partners.

Phase 4 – Execution

The cooperation partner’s remuneration for Phase 4 is determined in connection with the completion of Phase 3. A target

If the project is carried out at a price higher than the target
budget, established upon completion of Phase 3, the additional cost will be shared in accordance with the following
basis of allocation:
• Client 		

25%

• Partner

75%

Target 3: Efficient commissioning

A bonus for target 3 is granted when the following criterion is
met:
• Commissioning is completed on time and to full satisfaction,
cf. the requirements of the tender documents.
The bonus for fulfilment of target 3 is expected to make up, up
to 1% of the target budget of the contract. The size of the bonus
for target 3 will appear from the tender document.
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Financial follow-up
The elements of the overall project
finances for Aarhus ReWater are illustrated
in the following figure. The finances
consist of a large number of elements,
some of which depend on the client
exclusively, whereas others largely depend
on the cooperation partners.
Financial management will take place on a regular basis.
Throughout the entire project, the finances will be scrutinised to
uncover any budgetary deviations as early on as possible and
make corrections to the project on time in an attempt to comply
with the total budget.
Aarhus Vand has high ambitions for Aarhus ReWater, and it is
vital that financial management—together with risk analysis,
among others—should be used as an active tool to qualify the

choices to be made in the development of the design of the
resource plant during the innovation phase.
This will require the use of successive calculation and differentiated risk premium. In the initial design phase, a relatively high
risk premium will be applied where the choice of technologies is
concerned. The risk premium will be reduced in proportion with
the degree of detail and involvement of other cooperation partners such as contractors and suppliers during the preliminary
design phase and the detailed design phase.

Turn key contractor

Client

The turn key contractor is responsible for budget planning and
financial management within their own main contract. The turn
key contractor follows up on their own finances in the usual way,
cf. the above principles, but more stringent requirements apply
for documentation and follow-up since cooperation is based on
financial transparency.

To ensure that Aarhus Vand has a total financial overview of the
project, Aarhus Vand is going to set up a controller function. The
controller creates an overview of the project’s overall finances
for the purpose of maintaining the financial framework across
the individual contractors, suppliers and consultants, as well as
Aarhus Vand’s supplies and internal consumption (client supplies
and client time).

With such openness in relation to the finances, the client is at
any time entitled to ask for information required to check the
cooperation partner’s pricing.

The governing parameter is the target budget, defined as the
sum of capital expenditure, risk premium and contribution
margin. The higher the degree of detail is, the more the risk may
be reduced, and the available reserve, if any, will be transferred
to capital expenditure (so as to maintain the target budget). Any
savings will be retained in the project in order to create more
quality or help realise additional initiatives.

All parties share the responsibility for ensuring that the financial
framework of the main contract is observed, and all parties
are obliged to contribute to financial optimisation to ensure an
optimal solution within the given framework.

The profit/loss principle appears from the figure below.

The overview is based on contributions from the project’s many
cooperation partners, and there will therefore be a demand
for reporting from the project’s partners in relation to form and
content.
This will ensure consistency and transparency.
The controller function aims to create a coherent picture of
the overall project finances and it will in no way release the
other cooperation partners of their responsibility for their own
financial follow-up and compliance with budgets and financial
frameworks.

Contribution margin

Total project finances

Capital expenditure

Target budget

Risk premium

Contract 1

Contract 2

Contract 3

• Contribution margin

• Contribution margin

• Contribution margin

• Risk premium

• Risk premium

• Risk premium

• Capital expenditure

• Capital expenditure

• Capital expenditure

Target budget

Target budget

Target budget

Client supplies
Client time
Financial reserve (client)
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Figure 24

Phase 1
Initial design

Phase 2
Preliminary design

Phase 3
Detailed design

Phase 4
Execution

Time

Risk management
Risk management will have to be carried out as an integral part of all contracts
throughout the lifetime of the project. Risk
analysis is carried out both at sub-project
level and across the contracts to uncover
risks at contract interfaces. Risk management will thus have a significant impact
on determining the risk premium, which is
included in the target budget, cf. previous
description of financial follow-up.

In connection with new contracts and/or a phase shift (initial
design to the preliminary design, preliminary design to detailed
design, detailed design to execution, execution to commissioning) a risk analysis must be carried out identifying the relevant
and significant risks of the project.
The risk analysis is typically expected to be carried out as a
workshop with the participation of all relevant parties. The workshop is an intensive course that offers the opportunity to involve
many interested parties, and going through the project together,
will bring most of the often-essential issues to the fore.
Based on the risks suggested by the parties, the risk level of
each risk will be determined. In other words, the probability of
the risk occurring and its impact.

Risk calculation

Description

Action

>40

Unacceptable

The risk must be eliminated or transferred to another party

Unwanted

Seek to avoid or transfer to another party

Manageable

Manage the risk

4-9
1-3

Can be ignored, but must be watched

Risk levels

10
7
5
2
1

1
Figure 25

It is the responsibility of the turn key contractor to oversee the
process of risk management, including the facilitation of workshops and updating of the risk analysis.

Risk management can be broken into a number of recurring
cycles so as to ensure that the initial risk analysis is transformed
into active risk management and is not just a static tool. Whether
the risk factors concern time, quality, regulatory affairs, etc. they
often have financial implications which must be included in the
assessment of the robustness of the plant budget, including an
assessment of the need to provide for unforeseeable expenses.

Probability

Priority

10-39

On the basis of the risk analysis, an action plan will be drawn up
which translates the risk analysis into a management tool to help
decide how the individual risk will be managed in practice. Is
the risk to be accepted, minimised, eliminated or transferred to
another party by taking out an insurance, for instance? It is not
enough to pinpoint occupational accidents as a risk; concrete
instructions for actions are needed. In the case of occupational
accidents, it may for instance be the introduction of procedures
that will improve the level of safety on the construction site.

Figure 26
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Background material
The following background information was used in connection
with the preparation of the Prospectus.

“Marselisborg ReWater. Innovation Strategy.”
Smith Innovation, 2016.

“Marselisborg Resource Plant. Innovations Strategy.”
Smith Innovation, 2016.

“Marselisborg Resource Plant. Suggested solutions
to innovation challenges. Business card catalogue.”
Smith Innovation, 2017.

“Corporate Foresight Benchmarking Report 2018:
How leading firms build a superior position in markets
of the future.”
Aarhus BSS, Aarhus University.

Read more at www.aarhusvand.dk/en/international/solutions/aarhus-rewater/aarhus-rewater/
where the material can be downloaded.
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