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Preface

At a pub in Edinburgh, right after the presentation of the European Nitrogen Assessment (2011) and the final
conference of the www.NitroEurope.eu project, the idea of a Danish Nitrogen Research Alliance spawned.
The group of Danish researchers gathered, saw the benefits from allying central Danish actors to facilitate a
sustainable use of Nitrogen, and thanks to seed money from the Aarhus University Research Foundation a
successful application for The Danish Research Council for Strategic Research, now Innovation Fund
Denmark, was formulated.

The Danish Nitrogen Research Alliance (www.dNmark.org) serves as a fruitful network for a range of actors,
including researchers across multiple disciplines and institutions and a long list of private and public partners,
investing significantly in the alliance. A central aim of the alliance is to share knowledge, both nationally and
internationally, and we thank you for all these contributions, which are reflected in the present international
conference (http://sustainablenconference.dnmark.orq), and our collaborators in related international and
national projects.

With a total of 6 PhD and 7 post-doc projects, one of the main products of the dNmark.org research alliance
is education and competence development for the next generation, in interaction with state of the art N
research environments. With the current high focus on development of the bioeconomy, and a new paradigm
for Nitrogen regulation in Denmark, to meet the standards of EU Directives and comply with local and
transboundary pollution problems, the need for new knowledge has only increased during the lifetime of the
alliance.

Denmark as a case is especially interesting in an international perspective. The strong record with decades
of research based solutions to the nitrogen pollution problem in combination with initiatives to facilitate a
higher N efficiency and value creation in agriculture and food chains attracts interest, and serves as a basis
for guidance to farmers and policy makers internationally. This include work under the UN Task Force on
Reactive Nitrogen, and the annual meeting (TFRN-12) co-hosted with the present conference, and a defined
need both in Denmark and internationally to find new solutions to a more sustainable use of nitrogen with
co-benefits to the economy and for air, water, soil and climate protection.

On this background, we welcome to the conference on “Innovative Solutions for Sustainable Management
of Nitrogen”, as a starting point for further knowledge sharing and development.

Tommy Dalgaard and Jargen E. Olesen,

Co-chairs of the www.dNmark.org Research Alliance and the http://sustainableNconference.dnmark.org
scientific conference committee.

Aarhus University, Department of Agroecology,

June 2017
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Background

Since the mid 1980s, the surplus of nitrogen (N) from Danish agriculture, defined as the gap between N-
import and N-export, has decreased significantly, and the overall N-efficiency (defined as N taken up by

plants as ratio of the added amount) has more than doubled, from about 20% in 1980 to more than 40%
today (Figure 1).
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Figure 1. Total sum of N imports to- and sum of N exports in products from Danish agriculture, and overall N use
efficiency for Danish agriculture over the period 1950-2012 (updated after Dalgaard et al., 2014). The question mark
indicates the potential effect of various new measures which may further increase the N use efficiency and reduce N
losses.

The cause behind this remarkable development is an effective interaction between a series of political action
plans and legal acts, improved agronomic techniques and large investment in new and more N efficient
technologies. However, the costs have also been high (estimated to 340 x 10° € yr?, Dalgaard et al., 2014),
and still there is a significant gap between N-imports and N-exports and consequently a high potential for an
improved N-efficiency.

The aim of this presentation is on this background: i) to understand the causes and effects behind this
development, and ii) explore sustainable solutions to facilitate a further development towards a more
sustainable N management with a lower N-surplus and higher N-efficiency, in combination with economic
development and the protection of the natural environment and the general public health.
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The need for an integrated approach

In general, the Danish N policies have focused strongly on separate measures, in particular targeting the
reduction of N-leaching to the aquatic environment and reduction of ammonia volatilization to the air via
input side measures, manure management and handling measures, and measures to reduce losses from the
cropping system (for e.g. catch crops). However, as the reactive nitrogen (Nr) input cascades through the
agricultural and natural ecosystems, there are important links between the different types of losses (Figure
2), calling for an integrated approach where effects of co-benefits (or drawbacks) of different management
options are incorporated. For example, the improved efficiency indicated in Figure 1 is also a very important
factor behind reduced greenhouse gas emissions from Danish agriculture, both directly via reduced nitrous
oxide emissions, but also indirectly when improved N efficiency reduces fossil energy consumption for
fertilizer production and methane emissions from livestock production systems (Dalgaard et al., 2011).
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Figure 2. A simplified representation of the human impact on the nitrogen cycle and the associated cascading effects.
Blue arrows show intended anthropogenic Nr flows, while the other arrows show unintended flows (Sutton et al., 2011).

Based on guidance from the Task Force and Reactive Nitrogen Expert Panel on Nitrogen Budgets
(http://www.clrtap-tfrn.org/epnb), a method to assess and overview all Danish N flows has been developed
in context of the www.dNmark.org Research Alliance (Hutchings et al., 2014). Based on this method the
flows behind the development depicted in Figure 1 and the links between types of input and output (Figure
2) are revealed (Figure 3). The management of agriculture and food systems is obviously crucial for the
significantly reduced environmental losses from 1990 to 2010, and thereby for the understanding of future
mitigation options. The fluxes connecting compartments are indications as to where the future regulation
options occur.
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Figure 3. The N balance, N inputs and N flows assessed for Denmark 1990 and 2010 (Hutchings et al., 2014).
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A New Paradigm for Nitrogen Management

In 2016, The Danish Government introduced a hew action plan, with a nitrogen regulation tailored to local N
reduction targets rather than the general N reduction goals known from previous action plans. It is a large
challenge to implement this, and the knowledge generated in the subprojects of the www.dNmark.org
Research Alliance and the related PhD and post-doc projects focusing on different compartments of the N
landscape (Figure 1) is important in this context.

air

biodiversity

waste /—\

Figure 4. Focus areas for the www.dNmark.org research alliance.

As of 2017, a new scheme introducing catchment advisors (“oplandskonsulenter”) is implemented, inspired
by the dNmark pilot landscape study sites, and the geographically tailored N regulation will be implemented
stepwise over the coming years, with significantly enhanced implementation of measures like wetlands, mini-
wetlands, afforestation and other landscape-level buffers which reduce Nr before it reaches vulnerable
recipients. The above-mentioned integrated, combined effect assessments of these measures is important,
both at the landscape and the national scale, and is the turning point for both the further solution scenarios
assessments and publication in the www.dNmark.org alliance and the ongoing international Task Force on
Reactive Nitrogen development of joined-up nitrogen guidance documents for air, water and climate co-
benefits.
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Background and aims

Currently low N use efficiencies in the food chain often results in less than 15% of exogenous N ending up on the
consumer plate. Key aspects for improvement of N use efficiency include new strategies for better N utilization in
crop production, livestock production and processing of raw materials into food products. Furthermore, there is
scope to increase the amount of agricultural fertilisation in the EU provided by recycled nutrients and recent EU
circular economy policies promote recovery and recycling of excess nutrients from agricultural, industrial and
urban waste streams into products that can be used as agricultural fertilisers.

This presentation will focus on technological approaches to increase the recycling and reuse of inevitable side
stream N losses occurring in steps of the food chain, e.g. separation, acidification and biogas, recycling of N in crop
residues and urban waste (sludge and household waste).

Methods

Organic wastes with potential for agricultural application as bio-based fertilisers can be broadly classified