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Tämä työ tutkii ja tarkastelee transitio-kokeilua ravinnetaloudessa. Transitio-kokeilu on 
toimintatutkimusprojekti, joka toteutetaan systeemisen muutoksen ajattelun mukaisesti 
alhaalta ylöspäin. Ravinnetalous määritetään tarkemmin työn kautta sekä analysoidaan 
monitaso-perspektiivin näkökulmasta. Ravinnetalous on terminä varsin tuntematon ja 
tarvitsee enemmän tunnettavuutta laajemman yleisön edessä. Transitio-areenan ja transitio-
visioiden kehittäminen ovat työn keskipisteessä, koska ne ovat tärkeimpiä vaiheita transition 
alkuvaiheessa. Joukko sidosryhmätoimijoita osallistuu transitio areenaan sekä visioiden 
jatkokehittelyyn. Visio(t) luodaan ensisijaisesti backcasting-menetelmällä, jota myös 
täydennetään tavanomaisella ennustamisella. Backcasting- menetelmä on osin osallistava ja 
siinä käytetään ravinteiden planeettarajoja kvantitatiivisina pääperiaatteina, minkä tuloksena 
myös visiot ovat osin kvantitatiivisia. Transitio areenan kokoaminen ja fasilitointi aiheuttavat 
hankalia kysymyksiä, jotka tarvitsevat jatko-tutkimusta. Alhaalta-ylöspäin organisoitu 
transitio-arena houkuttelee niche-toimijoita, mutta epäonnistuu sitouttamaan julkisen vallan 
toimijoita. Toimintamallin voimasuhteet, politiikka ja transition vakiinnuttaminen tulisivat 
olla jatko-toimenpiteinä niin tutkimuksessa kuin toiminnassakin.   
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This study is examining and monitoring transition experiment in nutrient economy. Transition 
experiment is an action research project implemented according to the Transition management 
thinking in a bottom-up manner. Nutrient economy is defined more precisely throughout the 
study and analyzed in a multi-level perspective. However, as it turns out nutrient economy is 
fairly unknown and needs more recognition among the wider public. Development of 
transition arena and transition vision(s) are in the special focus of this work, since they are the 
most critical stages in the beginning of the transition experiment. Various stakeholders from 
nutrient economy domain are participating in the transition arena and in the further 
development of the transition vision(s). Backcasting is the primary technique in generating 
transition vision(s), but it is complemented with the conventional forecasting. Backcasting is 
executed in a partially participatory manner and planetary nutrient boundaries are used as 
quantitative first order principles that result in semi-quantitative transition vision(s). 
Assembly and facilitation of transition arena brings about cumbersome questions that need 
further research. Bottom-up transition entices niche-actors and regime-niche actors but fails to 
engage governmental bodies. Power relations within the regime, politics and 
institutionalization should be in the scope of the follow-up agenda for both research and 
action.     
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Ei turhaan sanota, että elämä muodostuu useiden sattumien summasta. Opiskelujen alussa 
olisi ollut mahdoton kuvitellakaan, että teen diplomityön aiheesta johon liittyy maatalous, 
ravinteet ja yhteiskuntatiede. Silloin olin enemmän kiinnostunut energiasta, 
ydinvoimatekniikasta ja ylipäätään kaikesta missä sai laskea ja ympäristötekniikan kursseilla 
ei koskaan laskettu. Sattumalta kuitenkin pääsin eräänä kesänä ymtelle kesätöihin (vaikka 
silloinkin salaa toivoin pääseväni entelle) ja professori Lassi Linnanen ehdotti kandintyötä 
johon liittyi fosfori, levänkasvatus ja joku systeeminen innovaatio, mitä en oikein silloin 
käsittänyt. Aihe kuulosti tarpeeksi haastavalta, joten päätin ryhtyä siihen. Siitä alkoi sattumien 
pallon kasaantuminen, joka viimein johti tähän diplomityöhön.  

Diplomityö on ollut pieni osa NUTS- projektia, johon olen päässyt osallistumaan aitiopaikalta 
eli toimintatutkijan roolissa, mikä on ollut todella mielenkiintoista ja opettavaista. Itselleni se 
on merkinnyt jopa enemmän kuin tämän diplomityön tekeminen, koska se on herättänyt 
tutkimusintoa aivan uudenlaisia asioita kohtaan. Kiitos kuuluu siis Lassille siitä, että silloin 
aikanaan vuonna 2010 ehdotti minulle kandin aiheeksi juuri sen minkä ehdotti ja siitä, että 
sain olla mukana mielenkiintoisessa NUTS -projektissa. Kiitos kuuluu myös toiselle 
tarkastajalle Mirja Mikkilälle, jonka ansiosta sain paneutua diplomityön kirjoittamiseen 
täyspainotteisesti. Valmistumisesta voisin kiittää myös ymten koko opetushenkilökuntaa, 
joiden ansiosta sain suoritettua kaikki opintoni, vaikka välillä vähän erikoisjärjestelyin..     

Kiitos kaikille opiskelukavereille niin akateemisesta kuin muustakin henkisestä tuesta, ’tavis’-
kavereita unohtamatta, ja kiitos perheelle siitä työrauhasta ja ymmärryksestä, jonka sain 
etenkin opintojeni loppusuoralla (vinkki: DI-työn käyttämiselle verukkeena ei ole rajoja, 
etenkin perhepiirissä;)). 
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1 INTRODUCTION 

 
Roughly all human and nature related systems can be treated as complex systems, leading 

to the realization that all environmental problems are more or less complex, and thus 

should be treated accordingly. In terms of systemic problems, it seems that it is not enough 

to leave the innovation merely to R&D departments. As problems have a more complex 

nature, solutions require more interdisciplinary approach. Moreover, identification of 

problems’ roots and foundations will most likely ask for knowledge and expertise from not 

only different departments but specialists from various fields, industries, and societal 

groups.  

‘Nutrient economy’, as a concept used in this research paper, is embedding such systemic 

problems that make the system unsustainable in the long term. Nutrient economy, as it is 

discussed herein, is defined quite loosely and ambiguously due to the previous non-

existence of such term. Economy might be partially misleading and vague term in this 

context, but it was chosen to emphasize the perspective, which is more socio-techno-

economical than purely ecological, in regard with nutrients. Nutrient economy is a crucial 

auxiliary system for agro-food domain, but also a negative trade-off or side-effect of 

systems such as agriculture, transportation, waste management and energy production. In 

other words it is so important that we could not live without it, but at the same time it is so 

invisible that we do not realize when we push it off the balance.  

The imbalance of nutrient cycles is one of the alarming environmental issues that we can 

identify today. The main nutrients that are covered in this work are phosphorus and 

nitrogen, because their natural cycles can be considered as most disturbed by human 

actions (Rockström et al. 2009, 472- 475). Both nutrients are also constraining nutrients in 

agriculture, which makes their cycles intervene with the food production chain. Human 

actions have put carbon cycle into disorder as well, but carbon is not in the focus of this 

work, due to its divergent nature. Herein, nutrient cycles are examined more from the 

sustainability point of view rather than purely technical or biological aspects, and mostly 
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this study refers to unsustainable management of nutrients throughout their whole life 

cycle.  

Transition Management is a managerial approach addressed at complex and persistent 

societal problems, which tend to disrupt natural systems. It offers analytical and partially 

methodological background for analysis and action for the management of sustainability 

transitions.  The need for transition in nutrient economy arose from the unsustainability of 

the current nutrient economy system, which in turn gave impetus for NUTS-project. In 

other words NUTS- project is a transition experiment towards sustainable nutrient 

economy, which is used as a case-material for this study. On the one hand the aim is to 

monitor how Transition Management approach has been implemented in the project and on 

the other hand the aim is to identify enabling means to reinforce this transition.   

The best way to outline the structure of this study would be through research questions that 

are reflected on systematically throughout the text.  

 

Chapter 2: 

1. What are systemic problems and how Transition Management relates to them? 

Chapter 3:  

2. Delineation of nutrient economy in the Finnish context: How the unsustainable 

nutrient economy is translated into systemic problem and what multi-level 

perspective analysis implies in nutrient economy? 

Chapter 4:  

3. What is the role of transition arena and the stakeholder involvement in the 

transition management process? What are the important factors in setting up and 

organizing the transition arena? 

Chapter 5: 

4. What is the role of transition visions in the transition management process? What 

challenges building transition vision(s) possess?  
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5. How backcasting scenario work complemented with forecasting can contribute to 

the process of creating transition visions? How quantitative first order principles 

correlate to Transition Management thinking? 

All chapters: 

6. Practical case: How Transition Management thinking has been implemented in 

NUTS-project, with special attention on the establishment of transition arena and 

creation of transition vision(s)? 

Chapter 6: 

7. What type of issues arose during the process that needs further examination? 

 

The primary goal is not to assess and evaluate how transition to sustainable nutrient 

economy should be managed, nor to delineate the policy actions to foster the change, as the 

project has started only recently. The goal is rather, at expressing why Transition 

Management as an approach was an appropriate choice and how TM approach was 

implemented in the first stages of the project, in other words, how the first two activities of 

transition management cycle (Kemp and Rotmans 2004, 146) were conducted and what 

challenges arose. With this, the aim is to emphasize the governance structure, i.e. 

directionality and coordination arises from the interaction among groups, and thus does not 

stem from one social group (Geels 2006, 163- 186), action research, and reflexive learning, 

as well as to emphasize the importance of creating transition vision(s) within participatory 

transition arena. Taking merely methodological stance, this study does not result in explicit 

results rather the key-issues that rose whilst the study unfolded should be seen as results. 

They are summarized in the discussion section.  

 

1.2 Aims and goals 
 

The aim of this study is to monitor and analyze the first phases of the project, which uses 

Transition Management approach as the theoretical and practical framework. First and 

second stages of the transition management cycle are under the review and their 
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implementation within the NUTS- project. Not only is the management aspect of the 

project in the focus but also context-related problem definition. 

Furthermore, in a way case-project is an experiment of applying TM approach into 

practice, which relies on governance through processes and networks, shared rule-making 

and agreements between interdependent actors with diverging values and beliefs (Geels et 

al. 2004, 8- 9; De Brujin and Heuvelhof 1995, 161). This type of governance is well in line 

with action-research and learning-by-doing- type of thinking, which is the research 

methodology applied in the project, and consequently the perspective from which this 

study has been conducted.  

As far as researchers of the project are aware, the application of Transition Management 

approach to nutrient economy is the first of its kind, at least on Finnish scale. Thus, the 

project offers a great opportunity not only to researchers to learn but also stakeholders are 

able to familiarize themselves with TM approach, which might be strategically useful in 

the future. Desired outcome of the project is both lower-level as well as higher-level 

learning, former relating to particular behavioral outcome or level of performance and 

latter addressing changing norms and values, that have long term effects and impacts (Fiol 

and Lyles 1985, 803- 813). 

 

1.3 Methodology 
 

The methodology of this study is conveyed through the methodology of the case-project, 

since the aim of this paper is to explore and showcase the project. TM approach by 

definition sets preconditions to the used research methodology and cannot be developed in 

purely scientific sense. It requires new types of characteristics, such as integrative nature, 

normative ambitions, desire to contribute to social change and participatory conduction 

(Loorbach 2007, 34). Therefore, methodologically the project, used as case-material in this 

study, applied the combination of traditional research methods and new ones, trying to 

achieve the coherence between theory and practice, which consequently defined the nature 

of this study as well. Project had a strong lean on learning-by-doing thinking and used very 

open and explorative research approach, which made it possible to reconstruct the basic 
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research questions and find the most suitable methodologies and approaches during the 

process evolvement (Loorbach 2007, 37).     

Consciously or subconsciously, NUTS-project applied action research to wide extent as its 

methodological approach from the start. The intrinsic goal of researchers was not in merely 

studying social or in this case environmental problems, but rather sincerely trying to 

resolve them. The role of researchers, as participants of the co-production process, 

resembles more facilitator´s and teacher´s role, presuming that other actors bring their own 

capacities and experiences to the process as well. Hence, the generic characteristic is that 

of co-production. (Loorbach 2007, 37) 

The use of case study or a project in this work can be justified by the nature of TM by 

default and social sciences in general. With case study the attempt is not to create a new 

generalized theory, but to apply theory in practice, get feedback and gain new insights for 

theory (Loorbach 2007, 39). In terms of this paper, case study presents practical ground to 

illustrate theoretical concepts and particularly it provides practical experience of 

implementation of theory and helps to raise questions, point out challenges and address 

concerns regarding the further development of the project.  

Table 1 combines the goals, approaches and methodologies of both, this study and the case 

project, in one table to improve the understanding of the interface. However, this study is 

closely intertwined with the case project, which makes it difficult to identify the interface.  
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Table 1. The relation between thesis and NUTS- case project 

 Thesis NUTS- case project 

Goals - To monitor transition process 

- To outline nutrient economy as a 

concept 

- To assess and identify challenges in 

implementation of TM thinking 

- To trigger a societal 

transition towards 

sustainable nutrient 

economy 

 

 

Approaches - Transition Management thinking 

- Systems Thinking 

- Stakeholder theory 

- Strategic futures studies, i.e. back-

casting and forecasting 

- Innovation studies 

- Transition Management 

thinking 

- Action Research 

- Backcasting 

- Innovation management 

- Resilience thinking 

Methodology - Literature overview 

- Examination of case – nutrient 

economy, and case project – NUTS 

- Action research in NUTS-project 

- Stakeholder platform i.e. 

transition arena 

- Stakeholder surveys, 

workshops, seminars 

- Quantitative back-casting 

- Different innovation 

facilitation tools 
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2 TRANSITION MANAGEMENT APPROACH TO SYSTEMIC 
PROBLEMS 

 
After years of trying to solve societal problems in a traditional way, we are finally starting 

to understand that we need a new set of tools and a new approach to find the solutions. 

Einstein pointed out that: “We can´t solve the problems by using the same kind of thinking 

we used when we created them” (Loorbach 2007, 16). The more problems we have started 

to identify in our societies, the more we have started to understand that the problems we 

are facing are not as simple as they might seem at the first glance. We have tried to solve 

the problems in a simplistic and reductionist way with no lasting success, and in the worst 

cases we have even caused new problems. It seems like problems are more complicated 

that we have thought and have deeper roots than we assumed. In most cases, the actual 

problem lies in structures, culture, mental models, or infrastructure, and not in the wrong 

technology, wrong governments, wrong assumptions and so forth. Thus, as world has 

become more complex, the problems we are facing require more complex and 

interdisciplinary solutions (Sterman 2000, 3-5), which transition management approach 

aims to address. In terms of sustainability, incremental improvements such as system 

optimizations and partial redesign of system can only result in environmental efficiency 

Factor 2 or Factor 5, whereas only system innovation can achieve Factor 10 (Geels et al. 

2004, 1-2). And as it is known for a fact today, that improvements of Factor 2 magnitude 

or even Factor 5 are not enough, we should aim at least for Factor 10 (Reijnders 1998, 13- 

22). 

The need for TM approach is due to the existence of persistent problems in the societal 

systems. Persistent problems arise from market failures, such as information asymmetries, 

when uncertainty of the outcome leads to undersupply of funding for R&D, knowledge 

spillovers, which leads to the sub-optimal investment in fundamental research and 

development, externalization of costs and over-exploitation of commons (Weber and 

Rocharcher 2012, 1037- 1047). Sometimes solving these problems raises also a new set of 

structural system failures. Infrastructural failure, institutional failure, interaction or 

network failure and capabilities failure (Weber and Rocharcher 2012, 1037- 1047) all 
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constrain desired change. Simply put, TM is needed to enable and foster a structural 

change in a societal system (Rotmans and Loorbach 2009, 184- 196). In terms of 

sustainability issues, the absence of technological change is likely to increase 

environmental impacts, but without behavioral change on the side, it would not seize the 

core of the problem (Dewick et al. 2010, 47- 48), hence why there is a need for radical 

system innovations (Tukker et al. 2008, 345).  

TM and its multi-level perspective to transitions are still incompatible with the mainstream 

innovation policies, which are mainly formulated according to the Innovation Systems 

approach. Transition management approach could gain wider acceptance in policy circles 

if it could integrate the extensive work on system failures as justification for policy 

intervention. In other words, there is a need to integrate TM approach with the current 

framework of innovation policies. Transition management approach is more issue-oriented 

approach, whereas IS approach focuses on the internal functioning of a system, which 

makes them rather complimentary than contradictory. Transition Management focuses on 

strategies to foster change and to build-up momentum for change through learning 

processes in niches, alignment of actors, orientation and coherence through vision building 

processes (Weber and Rocharcher 2012, 1037- 1047).  

Well-established system failures (Woolthuis et al. 2005, 609- 619) need to be 

complemented with new types of system failures, “transformational failures”. 

Directionality failure refers to the necessity not to just generate innovations as effectively 

as possible, but also contribute to a particular direction of transformative change. 

Overcoming directionality failures requires absorption of external requirements and these 

requirements need to be interpreted and negotiated in order to provide orientation. In other 

words different actors should understand the common principles and not act on their own. 

In practice this can be achieved by creating shared future visions, which guide different 

actors in their innovation systems. In addition to building shared vision, which can be very 

challenging sometimes, reflexive and participatory processes, supported by scientific 

evidence, may help in creating shared expectations, enabling open coordination, and 

defining joint agendas for action. (Weber and Rocharher 2012, 1037- 1047) 

Demand articulation failure arises from shortcomings in enabling the uptake of innovations 

by users and consumers. Consumers do not adopt new services or products, because user 

practices and expectations are not yet sufficiently reflected around these products. To 
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overcome this failure, policies should be addressed at joint learning processes involving 

producers and users, and also on user-led and open innovation types, to raise the awareness 

of new possibilities and to explore the potential of novel technologies. Public procurement 

could also be added on the list. (Weber and Rocharcher 2012, 1037- 1047) 

Third failure is policy coordination failure, which should be distinguished from the typical 

system failure and directionality failure. Policy coordination failure refers to the 

coordination problems at policy level and more precisely, to the coordination of concrete 

policy actions and initiatives. There is a need for coherent policy impulses from different 

policy areas to make sure that goal-oriented transformative changes for tackling major 

societal problems can take place. In European context for example, it is important to 

improve coordination between national and European policies. Policy coordination failure 

also applies to the coherence between private sector institutions and their policies, as well 

as the timing of interventions by different actors. In other words policy interventions, for 

example, R&D funding and regulations should be well harmonized to get desirable results. 

Tackling this type of failure might raise the need to increase administrative capacity. 

(Weber and Rocharcher 2012, 1037- 1047) 

The fourth transformative failure is reflexivity failure which points out at the need to built 

reflexivity into processes of transformative change. Reflexivity can be addressed with three 

dimensions. Continuous monitoring and anticipation function need to be established. In 

addition, there should be reflexive arrangements that take into account the distributed 

nature of decision-making and intelligence when preparing specific policies for transition. 

Finally, options should kept open and parallel developments admitted in order to better 

cope with uncertainty. Herein, portfolio approach should be adopted in policy-making 

rather than single option as it commonly is today. (Weber and Rocharcher 2012, 1037- 

1047) 

 

2.1 The nature of systemic problems 
 

The dynamics of complex systems are modeled through feedback processes, which in fact 

usually determine the complexity of the system. Feedback loop can be positive, when it 

tends to reinforce or amplify whatever is happening in the system, or it is negative, when it 
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counteracts and opposes change. All systems can be presented as a network of interactions 

between two of these mechanisms. The complexity arises, when there are thousands of 

loops, of both types, with multiple time delays, nonlinearities, and accumulations. In 

natural and human systems complexity do not arise from the complexity of the components 

of the system but from the dynamic interactions among the components over time. 

(Sterman 2000, 13- 14, 21) 

Problems are usually solved in a manner, which perceive cause and effect as a closely 

linked matter in time and space. Unfortunately, in complex systems, cause and effect are 

often distant in time and space. Hence, solutions often solve one problem and create 

another one, because the system is viewed too narrowly and all feedback loops are not 

understood. (Sterman 2000, 10-11) 

In physics, it is typical to set explicit system borders and treat that system free from the 

entity. In systems thinking approach, this will result in solutions not always favorable to 

the entity.  It is fundamental to have a holistic understanding of the world and its systems. 

Therefore, it is vital to understand systems as a whole and avoid trying to break it up into 

isolated subsystems. (Sterman 2000, 3-5) 

It is easy to understand the theory by applying it to any common issues today. In the terms 

of sustainable development, we can think about the attempts of reducing the global 

warming effect. We can try to minimize one country´s GHG emissions by moving the 

production to the other country, but even though former country´s GHG emissions would 

be zero now, the emissions of the whole system might have increased.  

Conventional organizational theories used to have rather reductionist approach to the 

human and even natural systems. Any systems were defined by collecting distinct elements 

together, and thus, any system could be disassembled, and analyzed each part separately. 

Then, by optimizing each part separately, it was ought to optimize and improve the system 

as a whole. This is the main antithesis of complexity theory that argues that system cannot 

be broken down into parts because these parts do not stand still, nor are they static or 

distinct. On the contrary they constantly interact with each other, and so the unit of 

analysis in the complex system theory, is the network rather than the individual part or 

actor. (Porter and Derry 2012, 37- 38) 
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Networks are complex nets of actors or agents, which constantly interact spontaneously 

and unpredictably, exchanging ideas and information. In result, networks are in a 

continuous movement, constantly changing the configuration, which is a fundamental 

characteristic to the complex system as oppose to the traditional organization view, where 

change occurs in a rigorously steered process (Porter and Derry 2012, 38-40). Therefore all 

activities and decisions are interlinked with each other and are neither independent nor in 

isolation from the rest of the system, which calls for participation and contribution of 

different stakeholders with various backgrounds (Parjanen 2012, 115- 127).  

Technology alone means nothing today, which explains the difficulty of new technology to 

diffuse into the society. Socio-technical system has configuration of different elements that 

are linked and aligned to each other in a way that makes new radical technologies hard to 

break through. Regulations, infrastructure, user practices, and maintenance networks are 

aligned to the existing technology. There are neither established markets nor fixed 

preferences for radically new technologies, so they need to co-evolve. (Geels 2000, 1257- 

1274) 

Sustainability transitions have additional complexities compared to some earlier transitions 

in history. Sustainability is a normative goal and a collective good problem, with prisoner 

dilemmas and free rider problems. Therefore public authorities and civil society are crucial 

drivers for changing the economic frame conditions and/or consumer practices, which 

subsequently influence on the actions of private sector. Second issue is related to the 

multiple ‘green’ pathways, which raises question of how to assess different pathways and 

compare to each other, and who is to make the decision of which pathway to choose. Third 

complexity arises from the global and not directly visible or tangible nature of 

environmental problems.  (Geels 2010, 495- 510) 

 

2.2 Transition Management approach 
 

Complexity of the societal systems makes it now obvious, that transitions cannot be 

managed in a conventional command-and-control way, and there is a question whether 

transitions can be managed at all. However, desired transitions can be fostered into the 
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desired direction and pace, by understanding the dynamics of societal systems. (Rotmans 

and Loorbach 2009, 184- 196) 

Transition Management framework is trying not to fixate on only measurable and physical 

aspects of change, but it aims to address also culture, governance, agency, and power 

(Rotmans and Loorbach 2009, 184- 196). In other words, transition management concerns 

literally everything that relates to the process of societal restructuring. In terms of policy-

making, TM approach combines key elements of present day such as: networks, long-term 

collective goals, innovation and learning, in a distinctive way (Loorbach 2007, 100).  

Without taking into account the features and the dynamics of complex adaptive systems, 

there is a danger to look at the system failures with too narrow view. In terms of 

sustainable development it means making some system more eco-efficient, without 

questioning the existence of that system and its structural organization in the first place 

(Rotmans and Loorbach 2009, 184 196). In the long term, this results in too much 

investment on incremental system optimization to the detriment of actual system 

improvement.  

Complex adaptive systems theory generates concepts that characterize TM. It is essential 

to understand co-evolution, self-organization and emergence as concepts defining 

transitions. Transitions are co-evolutionary and adaptive in a way, in which reciprocal 

interaction occurs between different systems adjusting one another back and forth over 

time. The system and its environment co-evolve through simultaneous competition and 

cooperation processes. Co-evolutionary nature gives the system property to self-organize 

i.e. organize order without external control, easily and spontaneously. Emergence refers to 

the constant existence of new upcoming patterns. Table 2 outlines the characteristics that 

are derived from complexity theory and comprises TM principles and instruments. 

(Loorbach 2007, 54- 57) 
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Table 2. Linking complexity characteristics with theoretical principles and systemic instruments for 

transition management (Rotmans and Loorbach 2009, 184- 196) 
 

Complexity characteristics Theoretical Principles of TM Systemic Instruments for TM 

Emergence Creating space for niches Transition arena 

Dissipative structures Focus on frontrunners Transition arena and 

competence analysis 

Diversity and coherence Guided variation and selection Transition experiments and 

transition pathways 

New attractors, punctuated 

equilibriums 

Radical change in incremental 

steps 

Envisioning for sustainable 

futures 

Co-evolution Empowering niches Competence development 

Variation and selection Learning by doing and doing by 

learning 

Deepening, broadening, scaling 

up experiments 

Interactions, feedbacks Multi-level approach, multi-

domain approach 

Complex systems analysis 

Patterns, mechanisms Anticipation and adaptation Multi-pattern and multi-level 

analysis  

 

Transitions can be managed through three different coordination mechanisms: markets, 

hierarchy, and structure or institutions. Prices influence on the economic decisions in the 

market coordination. In hierarchy decisions are made according to the centrally 

coordinated plan or set of goals. The third mechanism uses structures and institutions to 

coordinate the change. This type of coordination implies to standard practices, trust, 

collective norms, networks and shared expectations and beliefs. Networks are an important 

institution. Institutions provide possibilities for intervention, in order to alter micro 

behavior, at two different levels: market structures and networks, and actors’ views and 

beliefs. (Kemp 2008, 375) 

Transition Management is defined as multi-actor process with individuals and 

representatives from all different societal groups. However, participatory nature should be 

distinguished from conventional policy-making where the attempt is to achieve broad 

consensus for policies. Implemented policies have to be both anticipatory and 

participatory. So, although there is a need to have consensus on the long-term, it should 
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strive for innovation and competition between ideas, options and agendas in the short-term. 

(Loorbach 2007, 88- 89) 

In terms of innovation, TM combines radical and incremental innovations connected to 

organizational and managerial innovations, which have impact on more than few 

companies and can even affect more than one industry. Finally, the innovation leads to a 

new socio-technical configuration (Tischner 2008, 162). Transition Management has more 

holistic and interdisciplinary approach, by bringing in a wide number of stakeholders 

(Charter et al. 2008, 64). 

TM approach suggests some simple process steps and instruments to influence the 

direction and the pace of societal change. However, it is vital to notice, that these 

guidelines are not to be deterministic but rather reflexive. As conditions and dynamics of 

the system change, these guidelines will need to be adjusted. So it is to be emphasized that 

TM should lean on learning, searching, and experimenting. (Rotmans and Loorbach 2009, 

184- 196) 

The nature of TM is cyclical and iterative, relying on the philosophy of learning-by-doing. 

Management cycle, which is visualized in the Figure 1, consists of four main activities, out 

of which first two are in the scope of this study: 

1) Establishment and further development of a transition-arena; 

2) Development of sustainability visions and transition agenda; 

3) Initiation and execution of transition-experiments and projects; 

4) Evaluation and monitoring of the transition process, goals, policies, and learning 

effects.  
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Figure 1. Transition Management Cycle (Loorbach and Rotmans 2010, 184- 196) 

 

The establishment and organization of transition arena is the central part of TM, and will 

be discussed profoundly in chapter 4. The role of the first stage is to determine the problem 

setting in a multi-actor network. This stage is followed by the development of visions in 

transition arena, which is a cumbersome process and will be explained in more details in 

chapter 5. Transition arena sets high requirements for participants. They should be able to 

set aside their own preferences and everyday drivers, and on top of that, they should have 

insight and imagination to look in the far future. The crucial requirement is to have some 

sort of minimal agreement between participants on what sustainability means. Developed 

visions should be as fixed stars guiding long-term as well as short-term policies and 

objectives. They should be appealing, imaginative, inspiring, and at the same time realistic 

to some extent, in order to be supported by a broad range of actors. (Kemp and Rotmans 

2004, 146- 147) 

Transition agendas are designed based on the shared vision(s). Agendas compose shared 

action-program for initiating and effectuating transitions. Programs should consist of 

strategic experiments enabling learning and reinforcing another experiments. Experiments 

need to link up with ongoing innovation projects and form experiment-portfolios in order 

to achieve cohesion and coherence between experiments. Learning from experiments 

might lead to the adjustment of visions and goals.  (Kemp and Rotmans 2004, 149- 150)  
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Monitoring and evaluation is the fourth element in the management cycle. It should be a 

regular and continuous activity, which includes two different processes: monitoring the 

transition process itself and the cycle of transition management. Monitoring the transition 

process itself implies to monitoring the developments on macro level, regime level, and 

niche level. Transition cycle, on the other hand, corresponds to (1) behavior, networking 

activities and alliance forming of actors within transition arena and outside of it; (2) 

transition agenda, including the actions, goals, projects and instruments agreed on; and (3) 

actions themselves, consisting of the barriers, prospects and points to be improved. (Kemp 

and Rotmans 2004, 150- 151) 

 

2.3 Transitions 
 

Substantially the concept of socio-technical transition and system innovation addresses the 

same thing, but depending on the context and perspective either one of them is being used. 

Their relationship can be understood in a way that transitions occur via system innovations 

(Geels et al. 2004, 1-2). The management of this process, in turn, calls for TM approach 

(Kemp and Rotmans 2004, 143- 144). Transitions are also transformations of the society or 

transformations of a complex subsystem of society, which means that system changes 

fundamentally (Rotmans et al. 2001, 15- 31).  

Fundamental change means that socio-technical system transforms into another system. 

Socio-technical systems comprise a cluster of elements, including technology, regulations, 

user practices and markets, cultural meanings, infrastructure, maintenance networks and 

supply networks (Geels et al. 2004, 3). Technology has a major role in the socio-technical 

system but it requires a complex net of other elements around it, beginning with people 

who use the technology. Hence why, the system is called socio-technical and consequently, 

different technology does not necessarily lead to a transition.  

According to the typology of innovations made by Abernathy and Clark (1985, 3- 22), 

system innovation can be described as architectural innovation, because it not only disrupts 

the existing technology and creates a new one, but also breaks the existing user linkages 

and create new ones. Consequently, system innovations are also multi-actor processes 

including interactions not only between actors within societal group but also interactions 
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between societal groups (Geels 2004, 5). Transitions are also co-evolutionary rather than 

evolutionary (Rotmans et al. 2001, 15- 31) and require long time spans to realize, possibly 

several decades (Geels 2000, 1257- 1274).  

Two types of transitions can be distinguished: evolutionary transitions, where the outcome 

is not planned beforehand and goal-oriented transitions, when a vision is guiding decision-

making. Most transitions are evolutionary, driven by short-term gains instead of long-term 

goals. However, goal-oriented transitions have evolutionary elements such as variation, 

selection and reproduction, as well. It is not linear or deterministic process, but 

accumulative process, where nonlinearities exist. (Kemp 2008, 370- 371) 

 

2.3.1 Multi-stage approach 
 

Transitions can be characterized with two basic theories: multi-stage and multi-level 

approaches. Multi-stage concept takes a stance to the temporal viewpoint of change 

(Rotmans et al. 2001, 15- 31), while multi-level approach explains the dynamics within 

and between different functional levels where transitions unfold (Geels 2000, 1257- 1274). 

Transitions can be described in four stages, presented in Figure 2: 

1. A pre-development phase of dynamic equilibrium, where changes take place under 

the surface and do not visibly change the status quo; 

2. A take-off phase where thresholds are reached and the state of the system starts to 

shift; 

3. An acceleration phase where visible structural changes take place rapidly through 

an accumulation of changes at different levels that reinforce each other; 

4. A stabilization, where the speed of social change decreases and a new dynamic 

equilibrium is reached. 
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Figure 2. Multi-stage approach to transitions (Adopted from Rotmans et al. 2001, 15- 31)  

 

Thus, transition can be perceived as a shift from one dynamic equilibrium to another 

(Rotmans et al. 2001, 15- 31).  

 

2.3.2 Multi-level perspective 
 

Multi-level perspective (MLP) (Geels 2000, 1257- 1274) is applied for understanding how 

transitions come about. It is also the approach that is used in this study to examine 

transition in nutrient economy. Three levels, macro-, meso-, and micro-levels, can be 

distinguished in any socio-technical system, which is outlined in the Figure 3. The 

transition or socio-technical change can be comprised by the interplay within and between 

these levels.  
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Figure 3. Multiple levels of socio-technical system (Geels 2000, 1257- 1274) 

 

The concept of socio-technical regime originated already in 1977 (Nelson and Winter 

1977, 36- 76). Socio-technical regimes account for the dynamic stability, which means that 

innovation still exists but is of an incremental nature. Thus, regime level is the deep 

structure of the socio-technical system and it functions as selection and retention 

mechanism. Regime level refers to the rules and practices that enable, coordinate, and 

constrain activities within communities and networks, and this stabilizes socio-technical 

systems. Subsequently, this stabilizing force results in inertia, lock-in and path 

dependence, which hinder radical changes and is normally oriented towards incremental 

innovation along predictable trajectories. (Geels 2000, 1257- 1274; Geels 2006, 163- 186)  

Technical landscape embeds technical trajectories, which are a set of deep structural 

trends. Landscape level is the external structure or context for interactions of actors in the 

regime-level. Landscape can contain factors such as oil prices, economic growth, wars, 

emigration, etc. It is more difficult to intervene with the landscape than regimes and 

landscape changes take very long periods of time. (Geels 2000, 1257- 1274)  

Niche level is from where the radical innovations emerge. Niches are protected or isolated 

from the regimes, and so the rules, practices and selection mechanism do not apply to the 

niche level. Without protection radical innovations would be rejected in the selection 

process, because they would not ‘fit’ into the incumbent regime. Niches also provide 

location for different learning processes, e.g. learning by doing, learning by using, and 

learning by interacting. In addition, they provide space to build the networks, which 

support innovations. Niches generate the seeds for change. Internal processes in niche level 
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are described in more details in strategic niche management (SNM). (Geels 2000, 1257- 

1274)  

Strategic niche management is focused at creating protected spaces for novelties, and in 

contrast to other approaches, it emphasizes learning process. Protected space provides 

chance to articulate new technology, learn about its viability, and build a network and 

institutional connections around the product. Furthermore, SNM is aiming at stimulating 

further developments that are important for wider acceptance of the technology. Primarily, 

niches are platforms for interaction among many actors. (Kemp et al. 1998, 175- 195) 

These levels do not exist separated with each other but they are nested within each other. 

Regimes are nested within landscapes and niches within regimes. Even though novelties 

are produced outside of regimes, they are still related to the context of existing regimes and 

landscapes with specific problems, rules and capabilities. (Geels 2000, 1257- 1274)  

Transition can be explained with the interactions between the three levels. Transition 

occurs as the outcome of linkages between developments, not as one well designed 

development. For radical innovations the critical moment is the window of opportunities, 

when they get a chance to break through. Windows of opportunities may be created by the 

tensions in the regime or by changes in the landscape, which would in turn put pressure on 

the regime. Dynamics and interactions are depicted in the Figure 4. (Geels 2000, 1257- 

1274) 
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Figure 4. A dynamic multi-level perspective (Geels 2000, 1257- 1274) 

 

Window of opportunities can arise from different circumstances. These circumstances 

include internal technical problems in the regime, negative externalities, and stricter 

regulations, in reaction of negative externalities, changing user preferences, and landscape 

changes that put pressure on the regime. These are external circumstances that may open 

the window of opportunities, in addition though, there are internal drivers. Internal drivers 

at the regime level foster the diffusion of new innovations. Internal drivers can be divided 

into economic, socio-technical, and sociological drivers. Economic aspect is related to the 

improved economic performance of the novelty, which makes its adoption easier. Socio-

technical aspect lies on the LTS1 and ANT2 approaches, which emphasize the increasing 

amount of linkages in and around emerging technology. Subsequently, the new 

configuration becomes more stable as more social groups have a vested interest in it. 
                                                
1 LTS refers to Large Technical Systems Theory 
2 ANT refers to Actor-Network Theory 
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Sociological driver refers to the actors, organizations, groups and their perceptions, and 

strategic activities, as an enforcing or constraining mechanism for diffusion. In the end, the 

breakthrough of radical innovations depends on both internal drivers, and niche-processes, 

and external circumstances. The key is that system innovations require developments at 

multiple levels together to reinforce each other, which in turn means the interplay of many 

processes and actors. (Geels 2006, 163- 186)  

The actors of incumbent regime might try to defend themselves from new technologies, by 

improving the existent technology, political lobbying or evasion of other markets, because 

they have vested interests and sunk investments in old technology. When existing regimes 

are stable, transitions cannot be pushed forward simply by authorities. However, policy 

makers can stimulate the variation at niche-level and adjust regime level to the favor of 

niche developments. Eventually new regime might cause changes in the landscape 

developments. (Geels 2006, 163- 186) 

The process of innovation break-through is explained by trajectories of niche-cumulation. 

Radical innovations do not reconstruct regime-level at once, but they emerge gradually by 

cumulating in the market niches. Many niches are triggered by the landscape 

developments. Specific break-through mechanisms can be identified. Technological add-on 

occurs in the early stage of innovation diffusion, when radical technology links up with the 

established technologies, often to solve particular bottlenecks. At this stage old and new 

technologies don’t compete head to head, but act in some sort of symbiosis. Second 

mechanism occurs when new innovations ride along the growth in particular markets. 

Cascade dynamics is important factor to understand the shift from one regime to another. 

Changes in one element trigger changes in other elements, which trigger further and further 

changes. (Geels 2000, 1257- 1274) 

An example of niche-innovation linking up with the market growth is common in the 

industrial world when successful niche company is acquired by the big market leader, for 

example The Body Shop by L’Oréal (2006) and Ben & Jerry’s by Unilever (2000) (Tukker 

et al. 2008, 60). In these cases, market leaders have realized the market potential in 

successful niche-players. These acquisitions give opportunity for niche players to influence 

on their new parent company, if both parties find motivation for that. Unfortunately there 

can also be concern for the niche player to lose its identity and initial, more sustainable 

than the parent company´s mission (Tukker et al. 2008, 60).  
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2.3.3 Interlinking multi-stage and multi-level approaches 
 

Multi-stage and MLP approaches can be interlinked and translated into following pattern. 

In the pre-development phase the incumbent regime often acts as an inhibiting or hindering 

force. Actors and institutions of the regime seek to maintain current structure to keep their 

current position. The take-off phase is reached when some developments take place at the 

niche- and landscape- levels. Some innovations at the niche-level may be reinforced by the 

developments at the macro-level e.g. changes in worldviews. This relation can occur in 

both directions, macro-level changes can foster micro-level initiatives or breakouts at the 

micro-level can attach to the macro-level. An important characteristic between the pre-

development and take-off phases is that different ideas and perspectives from different 

fields crossbreed and converge into one, more or less consistent paradigm. Often this is 

followed by a phase of polarization between incumbent and emergent paradigms. Some 

regime actors will try to find ways to integrate the new opportunities, while others sees 

emergent paradigm as a threat. This is a highly uncertain period in which positive results of 

the new innovation are needed in order to push and pull the regime over the ‘edge’. (Van 

der Brugge et al. 2005, 164- 176) 

In the acceleration phase, the regime has more enabling role, by providing large amount of 

resources in form of capital, technology and knowledge. The regime changes as a result of 

both, bottom-up pressure and top-down pressure. The dominant practices change rapidly in 

this stage and irreversibly. In the stabilization phase the acceleration slows down, due to 

the established new regime, which again hinders new developments. (Van der Brugge et al. 

2005, 164- 176) 

Variation and selection 

Transitions can be characterized with variation and selection processes. In the phase of 

dynamic equilibrium, selection process is the dominating, emphasizing standardization and 

efficiency. In controversy, during the disequilibria, the period of radical change, there is 

more variation (which initially pushes the system off the balance). Variation leads to 

discoveries, ideas, and new actions, which under appropriate conditions can transform 

established routines and practices (Miner et al. 2001, 304- 337). In terms of learning, 



32 
 

 
 

variation and selection processes can be translated into adaptive and creative learning. 

Both, adaptive and creative, learning have important functions in the innovation processes 

and should be seen as complementary modes (Nilsen and Ellström 2012, 162- 163).  

There are different types of pressure coming from different levels (Berkhout et al. 2004, 

64- 66), that can gradually push the regime from dynamic stability into the state of 

instability. During the phase of instability there occurs more variation (Geels 2000, 1257- 

1274) and the momentum of selection pressures increase. Selection pressures can come up 

in a bottom-up or top-down manner or in a convergence of these, and they have different 

magnitude and form. The adaptive capacity of the regime to respond to these pressures will 

determine the pattern and direction of the transformation process (Berkhout et al. 2004, 65- 

66). The shifts between the strength of different selection pressures may create windows of 

opportunities; thus, the art of transition management lies in recognizing the change drivers 

and seizing the best leverage out of them at right time (Berkhout et al. 2004, 65- 66).  In 

addition, it should be pointed out, that some selection pressures are consciously and 

purposefully targeted at transformations, while others emerge contingently, but eventually 

all transformations include a mixture of both (Berkhout et al. 2004, 66).  
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3 NUTRIENT ECONOMY AS A SYSTEMIC PROBLEM 

 
Transition management approach should be translated according to the context and the 

contents of the system, which can be analyzed through multi-stage (Rotmans et al. 2001, 

15- 31) and multi-level (Geels 2000, 1257- 1274) perspectives. Some transitions are easier 

than others, due to the factors such as awareness of the urgency of the need for transition 

(Heiskanen et al. 2009, 409- 427). It is important to understand the current situation, 

whether there already exists viable solutions without adequate system structure, or 

system´s structure is favorable for change but lacks sufficient technology. Whether actors 

from incumbent regime are aware of the existence of niche-level and whether they are 

amplifying and contributing to it, or hindering it.  

 

3.1 Definition of nutrient economy 
 

‘Nutrient economy’, as it is perceived in this context, addresses practically all the different 

systems that are related to the nutrients. The ‘producer’ side contains those actors that 

transform nutrients into the vendible and usable form; technically this refers to fertilizer 

companies and mining companies. As for ‘user’, it refers to the farmers, who cultivate 

food, feed or biomass for energy. ‘Final consumers’ in this chain are people. If only it was 

so simple, though. Wastewater plants have to treat households’ wastewaters, in which 

nutrients are discharged. In addition, household’s biodegradable waste contains nutrients 

too. Unfortunately, most commonly the final deposit of these, “secondary”, nutrients are in 

the natural water bodies, where excess nutrients accumulate and cause eutrophication and 

subsequently environmental hypoxia. Environmental impacts of nutrients draw 

governmental body into the nutrient economy system. To sum up, nutrient economy 

consists of producers, users, final consumers, waste management sector, public authority, 

and environment. Energy production and forestry should also be included in the system, 

but due to their minor roles and divergent nature they are excluded in this particular case.  
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Nutrient economy, in this context, is very tightly connected to the agriculture and waste 

management domains, with agriculture having strong leverage on the nutrient economy. 

Thus, it is impossible to change nutrient economy to be more sustainable without taking a 

stance on agriculture. In fact, actors in agro-food domain are those, who have the greatest 

potential to induce change in nutrient economy. On the other hand, change can occur from 

the opposite direction. Concerns about the disturbance of nutrient cycles and peak 

phosphorus can compel agro-food domain to change their practices to confront nutrient 

challenges. As already mentioned, these two systems are so tightly linked, that it would be 

difficult to detect the epicenter of change.  

 

3.2 Disturbance of nutrient cycles 
 

Merely the value chain of nutrient products does not cause the unsustainability of nutrient 

economy but rather by the way nutrient economy disturbs the natural cycle of nutrients. It 

is characteristic for natural systems to adhere the cyclical nature, which keeps systems in 

balance (Berhe et al. 2005, 333- 335). Often problems arise when this balance is disturbed 

and violated. And it does not refer to merely one cycle, but a perturbation to one cycle is 

perturbation to all (Berhe et al. 2005, 336- 337), as there should also be a balance between 

different systems. As previously mentioned, nutrient economy in this context, refers to 

particularly phosphorus and nitrogen, because their natural cycles are the most disrupted 

by human activities. They both have very divergent cycles, so it is justifiable to examine 

them separately. 

Phosphorus 

Phosphorus (P) is a vital element for anything organic, which makes it crucial in the 

agriculture. In nature, it appears as different types of phosphate, in rock, soil and 

sediments. Phosphorus cycle differs from other elementary cycles; for it does not appear in 

the gas phase in nature. Phosphorus cycle starts from eroding of phosphate rock and 

emanating, through soil or water, and becoming available for plants and animals. 

Phosphorus returns back to soil, through manure or decomposition of dead plants or 

carcasses. It can cycle in soil ecosystem up to 46 times (which people can turn into only 

one cycle) until it ends up in oceans, where it can circulate up to 800 cycles before turning 
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into sediment. It takes another millions of years before phosphorus is again in the 

beginning of the cycle as phosphate. (Vaccari 2009, 54- 59) 

Eutrophication is the main environmental impact of phosphorus runoff (Cordell 2010, 87). 

Eutrophication increases the basic production of biota in water bodies, which is not 

harmful ipso facto but by causing other harmful phenomena in regard with water usage 

(Salonen et al. 1992, 10, 22- 24). Eutrophication has economic consequences too. Human-

caused eutrophication in fresh waters is suggested to result in total annual losses of over 

$2,2 billion in the United States. (Dodds et al. 2009, 12- 19) 

Human activities foster natural phosphorus runoff from the soil into the water bodies 

(Vaccari 2009, 54- 59), through agriculture and sewage discharge. Nevertheless, there are 

areas that suffer from phosphorus deficit in soil (Derý and Anderson 2007). Especially 

African farmers cannot afford phosphorus fertilizers (Cordell 2010, 88; Berhe et al. 2005, 

333- 335). There is still an ongoing debate about peak phosphorus, and the estimates of the 

sufficiency of phosphorus reserves vary (OECD 2012, 24). However, even if the reserves 

are sufficient, peak phosphorus will put pressure on the availability especially in 

developing countries (Cordell et al. 2009, 292- 305).  

Nitrogen 

As for nitrogen, outlining its cycle including anthropogenic feedback loops is more 

complex. Nitrogen is essential element of proteins, which are vital components of any 

organisms. This nitrogen is molecular nitrogen (N2), a non-reactive form of nitrogen 

(Townsend and Howarth 2010), which can only be synthesized by certain kinds of 

bacteria, called nitrogen-fixing bacteria. Nitrogen fixation is a fairly slow reaction 

compared to other organism reactions, which often make nitrogen the restricting factor of 

plant growth. (Kawashima 2001, 351- 354) 

Nitrogen cycle occurs in both terrestrial and marine ecosystems. In the atmosphere 

nitrogen appears as molecular nitrogen, which cannot be used by living organisms, without 

bacteria transforming it into the organic nitrogen, reactive form of nitrogen (Townsend and 

Howarth 2010, 64- 71). Nitrification is the reaction, which releases N2O to the atmosphere 

and denitrification transforms N2O back to molecular nitrogen. By decomposing organic 

matter, such as dead plants or animals, nitrogen becomes available again. (Kawashima 

2001, 351- 354) 
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Nitrogen is added to the farmland through four mechanisms: bacteria fixation, application 

of industrially fixed fertilizer, nitrogen in excreta, and nitrogen in livestock manure. Crops 

take up nitrogen from the soil, while some fraction is discharged to the environment. It is 

estimated that less than half of the applied N fertilizer indent into the cropland, with 

remaining part leaching into water bodies or returning to the atmosphere. (Kawashima 

2001, 358; Berhe et al. 2005, 340- 341) 

The development of industrial fixation technology released mankind from the shortage of 

nitrogen fertilizers and enabled “Green Revolution” in 1960s. However, the increased 

utilization of synthetic nitrogen fertilizer has generated pollution in the groundwater and 

eutrophication in enclosed water areas. Nitrogen oxide (N2O) is also considered as global 

warming gas, 300 times worse than carbon dioxide (CO2) (Townsed and Howarth 2010, 

64- 71) and it has been related to the depletion of ozone layer too (Kawashima 2001, 364- 

365). N2O is generated from lakes, marshes, oceans, swamps and farmlands, by both 

nitrification and denitrification processes. Other sources of N2O in the atmosphere are 

combustion processes of energy sector and transportation sector. It is estimated that 

increase from preindustrial times of additional nitrogen flux is about 210 teragrams a year, 

with agriculture being responsible for the biggest share (120 teragrams/year). The 

economical value of N-related environmental damage is estimated to be between 70 and 

320 billion Euro in EU27 zone, of which about 75 % is related to health damage and air 

pollution (Brink and Grinsven 2011, 513). (Kawashima 2001, 364- 365; Berhe et al. 2005, 

340- 341) 

Valuation approaches for nutrient cycling and fertility services 

Valuation methods can be broadly grouped into two categories: benefit-based and cost-

based approaches. Benefit-based approach measures the marginal contribution of fertility 

to the total value of generated products, which can be delivered by quantifying for example 

the relationships between yield reduction and land degradation. However, in this approach 

the accurate valuation of agricultural outputs might be difficult, because of the market 

distortions, such as farming subsidies that influence on the market price. Replacement cost 

method is one of the most commonly used cost-based approaches. Herein, the value of 

ecosystem service is determined with the commercial price of fertilizers needed to 

maintain certain level of productivity. However, this approach tends to underestimate the 

marginal contribution of natural fertility to production. Not to forget, that balanced nutrient 
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cycling generates more benefit, than it has been possible to commercially quantify, as a 

major example is the resilience of production systems. (Berhe et al. 2005, 348- 351; Brink 

and Van Grinsven 2011, 514- 516) 

The efficiency of nutrient economy should be measured not in outputs per inputs, but it 

should also include qualitative factors, which are suggested by systems ecology. Efficiency 

should represent also the aspects of the necessary interactions with surrounding systems 

and stand for a measure of usability for the system, instead of a measure for someone using 

the system. In nutrient economy it means that instead of presenting the measure of how 

much fertilizers increase the yield it should indicate the ability of the soil to be fertile. In 

other words, in the long run intensive agriculture would not be the most efficient, because 

it causes nutrient runoff and deterioration of the soil fertility.  (Eksvärd and Rydberg 2010, 

472 -473; Odum 1996, 110- 136) 

 

3.3 Multi-level perspective of nutrient economy 
 

Herein nutrient economy is analyzed from the multi-level perspective (Geels 2000, 1257- 

1274). The analysis is made solely in Finnish context, taking into consideration, though, 

the global trends and drivers, especially within the landscape- level. In general, nutrient 

economy is facing typical systemic failures (Woolthuis et al. 2005, 609, 619), such as lock- 

in, path dependency, and transformation failures (Weber and Rocharher 2012, 1037- 

1047). Some sort of realization and consensus of systemic problems of nutrient economy is 

beginning to arise among stakeholders. Yet, it still lags behind the common perception and 

assimilation of climate change. There are plenty of different technologies of nutrient 

recovery at different stages.  Unfortunately, major part of them is still at experimenting or 

piloting phase. There are also networking platforms for recovery practices (Global 

Phosphorus Research Initiative (GPRI), European nitrogen assessment, etc). Nevertheless, 

the biggest obstacles of the break through lie in the regulation, infrastructure, and 

institutions and the lack of cohesion and coherence between them. These components are 

still structured and streamlined according to maximization of each component individually 

instead of optimizing the entire system, with one of the examples being utilization of 

residues and by-products from food production chain, which present a great potential. 

Much of the nutrient economy is customized with the needs of conventional, intensified 
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agriculture, rather than nutrient balance, which in the end is the crucial factor for any type 

of cultivation. At present, with prevailing rules and practices, unfortunately it is unviable to 

do anything differently.    

 

3.3.1 Landscape 
 

The landscape of nutrient economy is largely affected by global trends and development 

tendencies, especially within the agro-food domain. Food security, food self-sufficiency, 

environmental impacts of production, growing size of intensified farms, is only few 

examples of the factors that put pressure on the prevailing regime. Concerns towards 

environmental degradation are addressed through resource depletion, pollution, climate 

change, and other local and global environmental problems. Waste management is getting 

more attention too, from the perspective of pollution and also material re-use and 

recycling. Population growth is closely related to the environmental challenges, and the 

paradigm of economic growth is being questioned more often. In regard to nutrient 

management in Finland, government has committed to a plan to transform Finland into a 

role model state of nutrient recovery (Finnish Council of State 2011), which can be seen as 

an indicator of problem acknowledgment on the Finnish scene.  Also, concerns about the 

condition of the Baltic Sea raise attention in coastal states (e.g. Helcom) and their NGOs 

(e.g. Baltic Sea Action Group).  

On the production side of food industry globalization reflects as the power concentration to 

few and production chains becoming even longer. Agriculture is more intensified, 

characterized by increased use of synthetic fertilizers, pesticides, technical devices and 

growing average farm size, constantly aiming at higher outputs per hectare. The 

industrialization of food has led to growing distance and more complex processing nets 

between the primary production and end-users. Farmers suffer from economic pressure and 

are forced to higher dependence on energy and fertilizers, which in turn have resulted in 

fewer jobs at the countryside and increasing levels of pollution and soil erosion. (Tischner 

2010, 11- 12) 

On the consumer side, long procession chains have made consumers less aware of where 

and how the food is produced. Several food scandals have caused consumer distrust and 
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raised food quality and safety onto the public agenda. In spite of recent spike in food 

prices, overall expenditure on food has declined steadily in most OECD countries over the 

past decades. However, the spike in food prices raised questions about food distribution 

systems, social inequalities and the regulation of prices. Inequality is more obvious than 

ever. On the other hand, the amount of malnourished people remains high, while on the 

other the obesity is becoming the greatest health concern in the richer countries. Some 

changes are identified in the policy sphere, with EU implementing The European Common 

Agricultural Policy (CAP), a system for agricultural subsidies and programs, and overall 

shift from agriculture- oriented to consumer-oriented policy measures in the food industry. 

(Tischner 2010, 13- 15) 

Trends in nutrition and eating habits are indicating the higher level of individualism. The 

consumption of meat and dairy products are increasing, as well as low-fat products, 

convenience and fast food. More people eat away from home and the cooking time at home 

has decreased. On the contrast, the alternatives to conventional and highly processed food 

offers are on the rise too, with the growth of 30 % of organic food sector. Consumers are 

seen as the driving force towards more sustainable food production through their choices. 

However, as it might apply to other consumer products, with food, one has to include the 

social aspect of food. Food consumption is a form of social action and cannot be reduced 

to a rational decision at the point of purchase. Therefore, in order to push the 

environmental agenda forward one has to delve into social structures, norms and 

conventions, social institutions, and routines. (Tischner 2010, 14-15, 31-32) 

The sustainability related issues in the agro-food domain could be divided into 

environmental aspects, social aspects and economic aspects. Environmental aspects refer to 

exploitation of natural resources, life-cycle impacts of food products, and the impact on 

global warming, animal welfare and biodiversity. Social aspects are food security, food 

safety, fair trade issues, social accountability and corporate social responsibility, cultural 

diversity, information, transparency, involvement and trust. Finally, economic aspects are 

corresponding to distribution of income in the food chain, value for money, efficiency and 

quality. (Tischner 2010, 16- 21) 
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3.3.2 Regime level 
 

There is no unambiguous definition for regime. Regimes can be defined at different levels 

of aggregation, and from different perspectives, depending on the research question. 

Regimes should be defined with the intention to use its conceptual strengths and key 

features most effectively (Markard and Tuffer 2008, 596- 615). Since, there are no explicit 

and clear guiding principles to delineate socio-technical regime, it is up to the researcher to 

decide how to best define regime in each situation. One definition of regime is 

corresponding to the whole complex of scientific knowledge, engineering practices, 

production processes, product characteristics, skills and procedures, and institutions and 

infrastructures (Kemp et al. 1998, 175- 195).  

In the case of nutrient economy, one can distinguish few sub-regimes that are intertwining 

and partly overlapping with each other, creating the incumbent nutrient economy. 

Distinguished sub-regimes are agro-food domain, waste management system, and fertilizer 

industry. There could be more sub-systems, more elaborative, but in order to simplify the 

analysis, only three are chosen. These three are chosen because of their close relation to 

nutrient value chain, each one intervening with it in some way. They are also chosen to 

highlight the unsustainability.  

Agro-food 

Agro-food regime (in Finland) is very wide and complex, with lots of actors. At 

governmental level, the interest is at maintaining a certain level of self-sufficiency by 

encouraging farming practices. Finnish agriculture policy complies with EU´s common 

agricultural subsidy policy. EU has fully financed direct agriculture subsidies and partially 

financed indirect subsidies, with Finnish government complementing these subsidies with 

its own subsidies (MTT 2012, 5- 55). Government interferes with food production chain by 

collecting different taxes, including value added tax, excise tax, and energy tax, and 

coordinating subsidies to farmers (MTT 2012, 5- 55). Farmers get subsidies from the EU, 

which makes Finnish products competitive, at least to certain extend. The gross value of 

farming production in 2010 was 6,1 billion Euros, including 2,1 billion Euros of subsidies, 

while grocery processing industry was 10,2 billion Euros (MTT 2012, 5- 55). After Finland 

became part of the EU, there has been a major change in the structure of the production, 

when most of the farms are now vegetable-based instead of domesticated animal-based 
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(MTT 2012, 5 -55). Consumer prices for food are second highest on EU-15 scale, which is 

explained with high value added taxes, even though they have been reduced from 17 % to 

13 % (MTT 2012, 5- 55). Organic food production accounts for 8 % of total cultivation 

area but its market share is only 1,5 %, which indicates some difficulties in the production 

chain (MTT 2012, 5- 55). In conventional farming, synthetic phosphorus is applied 6kg/ha 

and about 8 kg/ha is applied through manure (MTT 2012, 5- 55). According to some 

estimates agriculture is responsible for 50 % of nitrogen load and 60 % of phosphorus load 

in the Baltic Sea (MTT 2012, 5- 55; Kahiluoto and Kuisma 2010, 10). Lots of food 

products are imported from other countries to sustain extensive variety of supply in the 

supermarkets, to satisfy desires of consumers.  

Fertilizer industry 

The amount of nitrogen and phosphorus fertilizer application is technically coordinated 

through the environment subsidy that 95 % of the farmers receive. As for other nutrients, 

their usage is still steered by fertilizer application recommendations. The amount of 

nitrogen inputs has decreased from 110 kg/ ha in 1990 to 73,5 kg/ha in 2008. According to 

the research institute on the grocery products’ safety (Evira) in 2008 there were 373 

registered actors in the fertilizer production sector. Among them 329 produced fertilizers, 

30 imported and 44 brought fertilizers from EU´s internal markets. The production of 

inorganic fertilizers in Finland corresponded for 1 375 000 tons in 2007, out of which 

roughly half was imported. Yara is the biggest producer in Finland, with market share of 

95 %. The production of organic fertilizers was 154 000 tones. Inorganic fertilizers are 

such as NPK- and PK- fertilizers, while organic fertilizers are produced from animal- or 

plant based waste streams or sewage sludge, most of which need to be treated before they 

can be applied as organic fertilizers. Generally treat organic waste is composting but 

anaerobic digestion is becoming more common. The market of organic fertilizers today is 

fairly confined as it is constrained on local scale and somewhat on season. (Finnish 

Ministry of Agriculture and Forestry 2008) 

In Finland only phosphorus is available domestically. Production of nitrogen is based on 

imported energy and raw materials for potassium are imported as well. European 

regulation for fertilizer production has developed slowly and only some of the fertilizers in 

the market are covered by legislation. Organic fertilizers are mainly regulated by nationally 

and partially by EU´s byproduct and environment regulation. Globally the demand for 
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nitrogen, phosphate and potash is forecast to grow by 1.8, 2.9 and 5 percent, respectively 

between 2010 and 2014 (FAO 2010, 2- 30). (Finnish Ministry of Agriculture and Forestry 

2008) 

Waste management 

Most households in Finland are connected to the centralized municipal sanitation system. 

Sewage waters from households and industries are treated at the private or municipal 

WWTPs.  The Finnish government regulates requirements for sewage treatment. Sewage 

water has to be treated biologically to reduce BOD, COD and suspended solids, and in 

terms of nutrients removal efficiency must be at least 80 % in regard with phosphorus and 

70 % in regard to nitrogen (Finnish Council of State imposition 2006). Biodegradable 

waste is mostly composted, or somewhat treated in anaerobic digestion or incinerated. 

Nutrients are separated to extend that is economically and technically viable fulfilling the 

limit values. Subsequently nutrients are not recovered though, at least not in a large-scale.  

Annually WWTPs generate around 840 000 tons of sludge, which total solids respond to 

160 000 tones. Agriculture is the biggest sector of sludge production, generating around 20 

Mm3 annually. Sludge from WWTPs is usually composted and exploited in landscape 

construction and as landfill coating layers. It is also utilized in agriculture, but this amount 

has decreased dramatically in recent years. The most common way to treat manure is to dry 

it with dehydrating fractions. 90 % of manure is applied to the cultivation land. Sludge 

from industrial sector is treated in different ways, including incineration and anaerobic 

digestion. (Sitra 2007, 4- 40) 

Regarding policy 

The future of nutrient economy in Finland has been addressed through different national 

strategy frameworks and programs. Finnish Ministry of Agriculture and Forestry (MMM) 

launched Strategy for Renewable Natural Resources in Finland (Marttila et al. 2002, 1- 

112), which emphasized the thoughtful and thrifty use of natural resources, averting 

environmental degradation, utilization of renewable resources in a more extensive, more 

innovative and eco-efficient way, and securing quality and safety of renewable resources. 

This relates to nutrients in various way such as, application of fertilizers should be in 

accordance with the plant needs, soils should be maintained in balance in regard with 

nutrients, protection of water ecosystems, development and promotion of manure usage as 
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well as innovation for more extensive waste usage. In addition MMM working group 

introduced action plan (2006) for Finnish agro-food industry, which proposed among other 

things better management of nutrient fluxes, development of market for ecosystem 

services, improvement of policy tools, and encouragement to natural centralization of food 

production and to increase of farm sizes. Report of Council of State regarding National 

Long-term Climate and Energy Strategy (2008) raised similar issues: battling the GHGs 

from agriculture should include coherent policy, improvement of manure utilization 

technologies, an increase of biomass usage for energy as well as utilization of agriculture 

by-products for generation of biogas.  Generation of biogas should be prioritized in the 

local and regional waste management plans and anaerobic digestion should be advanced as 

a waste treatment method. An Action plan for protecting the Baltic Sea executed by the 

Ministry of Environment (SYKE 2005, 4- 95) emphasizes the prevention of nutrient 

loadings from agriculture, communities, dispersed settlement and industries. Furthermore, 

the Ministry of Environment has conducted a strategy to reduce disposal of biodegradable 

waste to the landfills (2004), since after 2016 only 25 % of biodegradable waste can be 

disposed at landfills. Strategy is further reinforced by National Waste Strategy for 2016 

(Huhtinen et al. 2007, 1- 123) which emphasizes the importance of streamlining waste 

associated policy, reducing waste fluxes and enhancing waste recycling.  

Figure 5 outlines today´s nutrient regime. Farming and farmers are in the center point of 

producing nutrient emissions. Naturally, they are also in the center point of producing food 

and other eco-services. Nevertheless, out of all actors involved, they have the least power 

and authority. Due to prolonged food supply chains and sovereignty of big global food 

retailers, farmers are quite disconnected from consumers (Tischner 2010, 26- 27) and have 

little to say in the production chain (MMM 2007, 5- 40). Farmers are under constant 

economic and now the environmental pressure as well. It is also common to off-load all 

responsibility on the consumers, especially by food retailers and supermarket chains, 

saying that consumers have the power to influence by their choices. However, consumers 

suffer from lack of information and lack of coherent information. Even if they wanted to 

purchase environmental products, it is not always clear which products are more 

environmental friendly, e.g. organic product produced in New-Zealand or conventionally 

produced product from local farm. Price and taste preferences still play much bigger role at 

the moment of purchase, and therefore public authorities should be responsible for steering 
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consumers in the right direction by transparent information and pricing, which includes the 

externalities of the production.   
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Figure 5. Sub-systems of nutrient economy 

 

3.3.3 Niche-level 
 

Niche level could comprise niches separately for each regime, but only niche innovations 

concerning nutrient economy are discussed, for nutrient economy is in the focus. Niches 

can be divided into technological niches that are related to nutrients and practice-based 

innovations, at the production end as well as at the consumer’s end. It is important to 

notice though, that successful transitions require a combination of these innovations and 
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not just one application (Kemp et al. 1998, 175- 195).  Below listed innovations are only 

singular technologies or individual changed practice methods. Alone, they are not the 

solution, but only components of more sustainable regime. They have to form a 

combination, which is backed up by institutions, policies, rules, traditions, and values, in 

order to break the prevailing regime. Since there is no ´silver bullet´ in technological 

solutions to solve problems relating nutrient economy, transition requires simultaneously 

various measures on different levels, changes at end-user level, changes at farming level, 

and changes in institutional level.   

Technology innovations - Phosphorus 

In regard with phosphorus, there are lots of innovative pilot technologies for recovering 

phosphorus from sewage sludge and ash. There are also innovations for recovering 

nutrients from the ocean or producing energy by growing algae in the nutrient rich sewage. 

Table 3 outlines the main technologies developed for phosphorus recovery from 

wastewater streams. As you can see from the table, phosphorus can be recovered at 

different stages of wastewater treatment.  
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Table 3. The overview of main technologies for P recovery (Adapted from Adam 2009) 

Watery phase: treated waste water or process water (e.g. sludge liquor) 

Precipitation Process Berliner Wasserbetriebe/ 

Air Prex 

Heinzmann and Engel 2006 

Prisa Process Monntag et al. 2009, 165. 

Crystallization DHV- Crystalactor® Wzorek and Gorazda 2007; Järvenpää 

2008; Steen 2004, 347. 

The Ostara Pearl™ Shick et al. 2009 

Dewatered or dried sludge 

Wet chemical Seaborne/ Gifhorn process Wzorek and Gorazda 2007 

Crystallization CSH- process Shick et al. 2009 

Thermal Mephrec process Wzorek and Gorazda 2007 

Sewage sludge ash 

Wet chemical Sephos process Wzorek and Gorazda 2007 

PASH process Shick et al. 2009 

Thermal BAM/ AshDec process Shick et al. 2009; Hermann 2009, 405. 

Electro thermal P Adam 2009 

 

Technology Innovations - Nitrogen 

As for nitrogen, better management can be achieved by either balancing N fertilization, i.e. 

increasing the N use efficiency and lowering the total N input, or decreasing the release of 

N2O per unit N from the nitrification and denitrification processes. The N use efficiency 

can be increased by adjusting fertilizer application methods, rate, timing, proper manure 

management, and accounting for mineralization of organic N. Decreasing N2O emissions 

from agriculture contains measure, such as: using ammonium based fertilizers instead of 

nitrate fertilizers, right timing of N application, using fertilizers with nitrification 

inhibitors, enhancing aeration of soils, removal of crop residues from the field, cultivation 

of winter crops or catch crops, and proper mixing of the manure. (Brink and Grinsven 

2011, 513- 540) 

Eco-cycling of nutrients from urine has been proposed to reduce eutrophication in 

freshwater and coastal ecosystems, simultaneously maximizing the recovery and recycling 

of resources. Struvite crystallization with further ammonia recovery by zeolites or 
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wollastonite could intensify nutrient recovery rate and depreciate some of the problems 

related to conventional urine-separation systems. (Lind et al. 2000, 169- 174) There are 

lots of researches showing the viability of recovering nutrients from human urine (Lind et 

al. 2000, 169- 174; Ganrot et al. 2007, 3112- 3121). 

Practice-based innovations – on site  

Practice-based innovations at the production end are for example the Closed Circuit 

Cultivation® -concept, encouraged by the food producer Raisio Oyj (Raisio 2011). Precise 

farming could be either technological innovation or practice-based innovation. It changes 

the practice with the help of highly developed technology. No-till farming is another 

example of changing cultivation practice. Multi-task farms are also a way to change the 

practice into more efficient in regard with nutrients. Buffer zones could help to restrict 

nutrient runoff, but it could be perceived as end-of-pipe measure. Industrial ecology 

emphasizes closing the loops, and in case of nutrients, it is very important. One way to 

close the nutrient loops at least partially around the Baltic Sea region, would imply more 

extensive fishing of rainbow trout from the Baltic Sea instead of importing fish from 

Atlantic (Asmala and Saikku 2010, 126- 135). 

Practice-based innovations – consumer end 

Practice-based innovations that require consumers to change their habits and behavior are 

either related to the food consumption patterns or waste management practices. As 

mentioned earlier urine separation, as a way to recycle nutrients, requires also adaptation 

on consumers’ behalf, if separation is done at the location of origin. Changing food 

consumption patterns is a very complex and broad ensemble by its own, so it is not 

covered in details in this work. However, some key insights should be pointed out. Food 

waste accounts for roughly one third of total food produced for consumption, which is 

about 1,3 billion ton per year (FAO 2011, 1- 15). In industrialized countries significant 

losses occur at the retail and consumer levels, while in developing countries major losses 

occur at the post harvest and processing levels (FAO 2011, 1- 15). This is an obvious 

challenge addressing nutrient management as well. Reduction could be achieved by 

adopting some elements of lean production and abridging the supply chains. Consumption 

could also be coordinated towards more sustainable patterns by communicating more 
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explicitly the overall “environmentality” of the products, e.g. with different labels, 

consumer education, ‘nutrient footprint’, etc.  

With information and communication technology (ICT) reaching food supply chains and 

logistics, and even kitchens, it is possible to track and trace important information about 

food products. This information allows increasing control over the products and their use, 

improved maintenance and life-cycle management, storage and procurement management, 

precision farming methods and so on (Tischner 2010, 10- 11). In the future ICT could turn 

into the key of solving the problem of food waste by applying lean production approach to 

food industry.  

 

3.3.4 The overall analysis 
 

Awareness and acknowledgement of unsustainable nutrient economy has existed within 

research groups globally at least from the end of 1990´s when Smil (1999, 2000) 

delineated anthropogenic nitrogen and phosphorus cycles comprehensively. The problem 

of eutrophication in the Baltic Sea and Finnish inland waters has been commonly known 

among wider public for a long time. Though, today the severity of the Baltic Sea state has 

been raised on the governmental action plan level and its awareness has been increased 

through Baltic Sea Action group. Thus, the acknowledgment of the problem has already a 

fairly wide and robust assimilation in the society. However, action has not yet 

corresponded to the acknowledgement. Furthermore, imbalance of nutrient cycle has been 

bluntly seen as a cause of eutrophication and respectively agriculture as the responsible 

one. Even though agriculture is the main point source of eutrophication, the problem of 

nutrient economy is much more complex and multidimensional.  

The measure to diminish environmental impact has mainly been reduction of application of 

synthetic fertilizers and increase of nutrient removal rates at the WWTPs. If taking a 

comprehensive system approach in regard to this issue, both solutions could be perceived 

as the end-of-pipe solutions, which do not result in major changes in the overall situation. 

Despite of a wide-spread acknowledgement, nutrient economy has not yet been perceived a 

systemic societal problem, at least not in Finnish level, hence why the solutions have not 

been corresponding. NUTS-project is one of the first ones, if not the first one, that 
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approaches nutrient economy from the systemic point of view and pursues system 

innovation or regime shift to more sustainable nutrient economy. According to multi-stage 

approach this analysis indicates that transition process is on the verge of pre-development 

and takeoff phases.  

 In order to understand where the change is needed and what can trigger this change it is 

essential to understand nutrient fluxes in the society. Figure 6 is a simplistic overview of 

anthropogenic nutrient fluxes, i.e. it does not cover their biochemical nature. The amounts 

are in percentages indicating the proportional magnitude of each flow and they are only 

directional, former number refers to nitrogen while the latter to phosphorus. The most 

important what this analysis has to offer is adducing the main spillovers and sinks, which 

are circumscribed with yellow. Figure 6 shows that roughly half of the nutrient inputs in 

soil are lost to the atmosphere and water ecosystem directly. Plants uptake roughly half of 

the nitrogen input and around 45 % of the phosphorus load. Almost half of the nitrogen 

input comes from the inorganic fertilizers, while organic sources, such as manure and crop 

residues, provide one third and bio-fixation one fifth. The inorganic fertilizers account for 

almost 60 % of phosphorus load while one third comes from the organic fertilizers and 

only less than 10 % comes from weathering and natural deposition. When accounting 

global fluxes, as it is done in this quantification, soils are sinks of small proportion of 

nutrients, which means that some of the nutrients remain in the soil resulting in positive 

nutrient balance. Out of nutrients within harvested crops bigger share of nitrogen goes to 

feeding than crop processing and vice versa when it comes to phosphorus. Livestock 

receives also additional load of nutrients from grazing. Only 30 % of nitrogen and 4 % of 

phosphorus goes to actual animal based foods, while the rest egress with manure and 

animal residue. It makes it obvious from this stance, that manure and crop residues present 

a substantial stock of nutrients and yet still not all of it is utilized. Another outstanding 

point is the inefficiency of animal products. In addition, nutrients are lost along the food 

chain through food waste, but even in larger amounts through human excrete, since only 

tiny part of nutrients stay permanently in human bodies. At WWTPs in Finland phosphorus 

removal rates are quite high reaching 97 % but for nitrogen it is only 56 % (Santala and 

Etelämäki 2009, 3- 22). Subsequently, sewage sludge is mainly used in landscaping and at 

the landfills. Only around 10 % was utilized in the agriculture (Santala and Etelämäki 

2009, 3- 22).  
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Figure 6. Nutrient fluxes in the human-systems. (Quantification is based on: Smil 1999; Smil 2000; Smil 

2002; Cordell et al. 2009; Koivupuro et al. 2010; Johnson et al. 2006; Santala and Etelämäki 2009, 3- 22; 

Tillman et al. 2002) 

 

4 TRANSITION MANAGEMENT CYLCE, STAGE I: 
STAKEHOLDER PROCESS AS A TRANSITION ARENA 

 
The first phase of transition management cycle is the establishment of transition arena 

(Kemp and Rotmans 2004, 146). Transition arena addresses the collective capability to 

shape the future (Weber et al. 2008, 354), understanding though, the external constraints of 

managing the future. Innovation is a product of interplay between several actors in the 

networks approach (Håkansson et al. 1999, 443- 452). Consequently, new regime, new 

system´s structure or configuration, needs protected environment to occur, which can be 

found within distance to the prevailing regime. Agents of transition arena need time, 

energy and resources to create a new structure, a new regime (Rotmans and Loorbach 

2009). However, transition arena should be distinguished from the typical policymaking 

networks or stakeholder platforms, which are usually dominated by strong regime 

companies and incumbent actors having an interest in the status quo (Kemp and Rotmans 

2004, 146). The difference is outlined in the following Figure 7.   
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Current policy process: gradual and short-term oriented (myopic) 
 

 
 

Transition management: oriented towards long-term sustainability goals and visions, iterative and reflexive 
(plurifocal) 

 

Figure 7. Current policy versus transition management, in which short-term goals are generated from long-

term visions (Kemp and Rotmans 2004, 145) 

 

Transition arena is an innovation network on a strategic level of transition management, 

from which subsequently transition pathways can be developed on a tactical level, and 

concrete experiments, coalitions and short-term goals can be implemented on an 

operational level (Sondeijker et al. 2006, 15- 30). The goal of transition arena is to generate 

transition images, which are visions of desired futures. Participants of transition arena need 

to have some basic competence at their disposal: they need to be visionaries, forerunners, 

able to look beyond their own domain or working area, open-minded thinkers, autonomous 

within their organizations to push forward developed visions, and they need to be able to 

invest time and energy to take an active role in the arena (Kemp and Rotmans 2004, 146- 

147). Transition arena is not openly participative, at least not from the beginning, hence 

why the selection of participants is of vital importance. 

In order to upscale niches, the need for involving more actors may arise, and so activities 

of the existing actors and their interactions are likely to change (Kemp et al. 1998, 175- 

195). Public authorities could help to create new networks for the new technology to 

function as desired. Public sector can also contribute to the articulation of a vision, which 

would coordinate the strategies of other actors. According to Brito (2001, 150- 166) group 

members must be motivated by individual rewards in addition to the collective benefit in 

order to contribute to the collective action. This is the controversy of the TM thinking, in 

which intrinsic motivation should be the driver (Avelino 2009, 369- 390).   
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TM approach proposes transition arena as a locus for socio-technical regime shift 

(Rotmans and Loorbach 2009, 184- 196). In this studied project, transition arena can be 

perceived as the entire stakeholder process, i.e. the process in which stakeholders are 

involved. In contrast to other studies, where the initiative has sprung of governmental body 

(Avelino 2009, 369- 390), herein the stakeholder process has been mobilized by research 

institutes specifically for this project, with the aim to create a creative combination of 

different disciplines and perspectives (Tidd and Bessant 2009, 99).  

 

4.1 Development of the transition arena 
 

The emphasis in the transition arena, especially in the beginning of the process, is not only 

on participatory nature but selective participatory nature, while in the long-term process 

opens up (Loorbach 2007, 139). An important criterion in selection of participants is the 

heterogeneity of the group, which is proved to contribute more alternative viewpoints and 

ideas (Van de Kerkof and Wieczorek 2005, 733- 747). Heterogeneity is also justified by 

the innovation studies that argue that innovation will most likely occur in structural holes 

between dense network structures (Burt 2001, 34- 35). This is due to the realization that 

individuals receive more novel information via weak ties than strong ties (Granovetter 

2005, 33- 50). Furthermore, heterogeneous participants provide access to more widely 

distributed networks. On the other hand, despite of the importance of heterogeneity, some 

level of homogeneity is required to provide a common ground for discussion and action 

(Van de Kerkof and Wieczorek 2005, 733- 747). 

The importance of learning in the TA and TM in its entirety is emphasized in the TM 

literature (Kemp and Rotmans 2004, 162; Loorbach 2007; Tidd and Bessant 2009, 101). 

However, the process of organizing the TA is not explained explicitly. There is no clear 

understanding of who should organize and manage the TA. According to Kemp and 

Rotmans (2004, 146- 150) and Kemp et al. (1998, 175- 195) the task of launching and 

facilitating transition arena belongs to the government. However, from the perspective of 

maximal learning, ideal process facilitator would be an intermediary body which is an 

independent organization with sufficient expertise and good overview of the field (Van de 

Kerkof and Wieczorek 2005, 733- 747). With government acting as a process manager 

there is a concern of objectivity; who to include in the TA and who to leave out. In 
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addition, there might appear reluctance among some private actors to participate and 

innovate in an arena set by the government. The TA should aim to achieve an apolitical 

status (Dewick et al. 2010, 55). On the other hand if the TA is indeed self-organizing 

network (Rotmans and Loorbach 2009, 184- 196), the decision-making process may be 

jeopardized by mainly taking into account the opinions and interests of the dominant actors 

(Van de Kerkof and Wieczorek 2005, 733- 747). Moreover, in order for visions to be taken 

seriously they need to be backed up by political measures (Kemp et al. 1998, 175- 195), 

which mean that participation of governmental body would be beneficial.  

When communication takes place along greater distances in the networks and along weak 

links, the information that is communicated is not necessarily ‘ready-to-use’ knowledge. 

This information needs to be transformed into more usable and understandable form, in 

order for actors to be able to exploit it. Consequently, attention, effort and resources should 

be paid on the interpretation process in the new contexts, before inputs can support 

learning, new knowledge generation, and innovation. Knowledge brokering is the proposed 

activity to promote information and knowledge flows in the innovation networks, and 

when results of futures research are brought to the innovation processes. (Uotila et al. 

2012, 42- 43) 

The TA in NUTS-case is trans-disciplinary, which in conventional innovation studies is 

not usually the case. Participants of the stakeholder process are very different, and they 

represent all eight types of distances; geographic, cognitive, communicative, 

organizational, functional, cultural, social and temporal distances (Uotila et al. 2012, 32- 

33), can be identified between them. However, the nature of the system innovation and the 

problem of nutrient economy call for multifaceted solution in various levels, which 

justifies the heterogeneous group of participants. Consequently, knowledge brokering 

plays a very important role in this type of stakeholder process. Knowledge brokers have to 

gain trust in order to combine different actors and motivate them to stand behind common 

goals (Parjanen 2012, 115- 127). In NUTS-case, researchers performed the role of 

knowledge brokers in some situations and workshops. In addition, new methods and tools 

were used to enable and develop the necessary creativity and new type of thinking 

(Parjanen 2012, 115- 127) among the TA.  

The TA of NUTS-project was developed whilst the transition process unfolded. The 

transition management team, which was also the core of the TA, was set up prior to the 
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launch of the project. Transition management team consisted of researchers from different 

organizations and different research fields. After the launch of the project, this core group 

was complemented with participating stakeholders, who were representatives of 

companies, state organization, and NGO. Subsequently, arena was reinforced once again 

with more stakeholders of various industries for envisioning and creating transition 

pathways. This nested hierarchy of the TA is delineated in Figure 8. 

 

 

Figure 8. Nested hierarchical structure of the TA in NUTS-project 

 

Organization and facilitation of the TA requires a combination of skills and knowledge. 

Ideally transition management team would consist of representatives from the initiating 

organization, experts in the field under study, TM approach experts and process facilitators 

(Loorbach 2007, 154). In NUTS-project, transition management team was assembled with 

merely researchers; however, they were from different institutes and different fields. This 

included knowledge and expertise from the following fields: agriculture, agro-economy, 

environmental management, innovation management, project management, transition 

management, and environmental engineering. In the course of the project, when needed, 
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complementary or additional expertise more in depth or beyond the knowledge of core-

group was provided by external researchers.   

Some learning experiences from other projects show that it is critical to have independent, 

industry-based chair (F4C, Uk. Dewick et al. 2010, 55). Other observation pointed out, that 

at least some proportion of the project funding should come from beneficiaries, i.e. 

stakeholders (Dewick et al. 2010, 55- 56). In NUTS project, both of the prerequisites are 

fulfilled, by having a steering group from representatives of each stakeholder and with 30 

% of funding coming from beneficiaries.   

In order to utilize the innovation potential in the structural holes, there is a need for 

information transfer which can transgress the distances in the innovation networks (Uotila 

et al. 2012, 31). According to Rotmans and Loorbach (2009) participants should be 

visionary people and forerunners, but Van de Kerkof and Wieczorek (2005) argue that they 

should be complemented with participants who are more practical, executory, and near-

term thinkers, who can contribute to the practical initiations and implementations of 

visions. The optimal combination would involve both innovative regime actors and 

innovative outsiders (Loorbach 2007, 139). Thus, the role of independent process 

facilitator is not only in moderating the TA but also in balancing out the composition and 

texture of it.  

In the macro scale of NUTS project Tekes, the Finnish Funding Agency for Technology 

and Innovation, can be seen as the innovation intermediary organization (Dalziel and 

Parjanen 2012, 117- 119). The role of intermediary organizations in the innovation system 

is to provide funding support, to enable networking and collaboration, and support 

innovation in other forms (Howells 2006, 715- 728; Inkinen and Suorsa 2010, 169- 187). 

In NUTS-case Tekes has been somewhat intermediary organization between research 

institutes and private actors.  

According to some studies, it is government’s task to set up the TA and facilitate 

interactions in terms of process and substance (Tukker et al. 2008, 381; Kemp et al. 1998). 

Participants of the TA are usually not sufficient with time and specific knowledge, so it is 

vital to maintain a continuous process of feeding background information and detailed 

knowledge, to enable co-production of knowledge among the participants (Tukker et al. 

2008, 381). As next chapter will describe in more details, stakeholder process is 
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continuously fed with research inputs, so it´s not only up to stakeholders to contribute to 

the vision building process. It should be emphasized that scenario-building process, in 

terms of vision creation, is bidirectional. Both stakeholders and researches feed the 

process. However, researchers´ role is not in guiding or steering the stakeholder process in 

desired direction but rather enable as rich and as multifaceted interaction as possible.   

As it can be seen from previous chapters the role of the researchers in NUTS-project has 

been more than in conventional research projects. Researchers formed and selected the 

members of the TA. They took over the tasks of transition management team and 

organized the “transitional” activities. As it has been action research project from the start, 

researches goal has also been to influence on the direction and pace of the transition 

process. Within stakeholder process researchers have facilitated the discussion, transferred 

information, performed as knowledge brokers and offered their expertise. They have also 

been the independent intermediary body between the public and private sector on this 

issue. In addition they have conducted in the conventional research, which will advance the 

transition process further. 

 

4.2 Stakeholder process 
 

Stakeholder process refers to the interaction of the research group with the stakeholders, 

the way they appear to the public, and the interaction among stakeholders themselves. 

Fundamentally stakeholder process is what occurs in the interface of the core group with 

two outer zones and what happens within these two outer zones. For participating actors, 

stakeholder process provides an opportunity to interact outside their normal binding 

disciplines and to look at the system at least partially from the outsider´s perspective. It all, 

though, depends on their willingness and courage. In terms of the project, stakeholder 

process is a significant resource of new perspective, but simultaneously it is an attempt on 

researchers´ behalf to plant the seeds of change and turn stakeholders into possible change-

agents.  

The aim of the stakeholder process is to generate collective creativity (Parjanen 2012, 115- 

127), in which every participant can contribute and give new meanings to others’ 

contributions. But creating the locus for collective creativity is not only in bringing people 
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together but also in moderating social interactions in a way that they give meaning and 

value to these collective efforts (Parjanen 2012, 115- 127). Therefore, facilitation of the 

arena is of vital importance.  

Stakeholder process is carried out through continuous steering group meetings, surveys, 

and innovation forum with workshops. Stakeholders’ knowledge, practice, relationships, 

and networks are exploited in the process, to get feedback but also input in scenario 

building processes, which are described in more details in the next chapter. Networking is 

important for collective efficiency, collective learning and in crossbreeding different 

knowledge sets (Tidd and Bessant 2009, 283).  

The stakeholder process in this project is a unique set up, state of the art, for it is build up 

in regard to system innovation. Typically stakeholder theory applies to all of the groups 

and individuals that can influence, or are influenced by, the actions of a company or an 

organization (Freeman 1984, 22- 26). Since the development or evolution of a system 

innovation does not occur in one particular organizational interface, it requires taking 

neutral or external position. Herein, stakeholder process is examined as an entity itself, and 

not from the view of one stakeholder, as it usually is in the stakeholder theory (Polonsky 

1995, 29- 46). As discussed earlier, system innovation evolves in a new web configuration 

of stakeholders. The stakeholder concept gets a new meaning in this occasion. Herein, 

stakeholders are not considered to be stakeholders of a company or an organization 

(Freeman 1984, 22- 26), but they are stakeholders to this matter, which in this case is 

sustainable nutrient economy. At the current moment these involved actors are not 

particularly stakeholders to each other, and may not be in any type of interaction. Some of 

them are performing in different socio-technical systems, and on different levels of the 

system. In future though, system innovation might change the situation so that, these actors 

are all in a new regime and “become stakeholders” to each other.  

Stakeholders can be classified as internal and external, or as primary and secondary 

(Polonsky 1995, 29- 46). Primary stakeholders are those who have a direct and necessary 

influence (Thomlison 1992, 1- 12) upon the nutrient economy. As oppose, secondary 

stakeholders are not directly engaged in (Thomlison 1992, 1- 12) nutrient economy, but 

they are able to influence on it vicariously. Food industry, for example, is related to the 

nutrient economy indirectly through agriculture, but has still significant power over 
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nutrient economy as it is shown in Figure 5. On the controversy, nutrient economy can 

influence food industry, through pricing of minerals and energy needed in agriculture.  

The stages of organizing stakeholder process 

Stakeholder process can be divided into four stages, engagement, activation, envisioning 

and institutionalization. In the first stage, actors are engaged in the stakeholder process. 

Stakeholders are from different industries, with different agendas and motives. 

Differences, though, don’t matter in the first stage, but only the engagement to the 

stakeholder process. Engagement is ensured by financing the project and participating in 

the steering group.   

The goal of the second stage, activation, is to analyze the features of the current system and 

to identify the system failures. Activation is carried out through survey, in which 

stakeholders can bring in their ideas and opinions individually. Surveys are analyzed by the 

researchers and subsequently, the results and observations are used in the next stage to 

create a dialogue leading for a shared mindset. The shared mindset does not translate into 

the shared consensus, but into collective´s mutual mindset, which is a result of working on 

the same matter and talking on the same terms. Differences are not suppressed but they are 

exploited to sketch out larger picture of the system.  

The third stage is envisioning the desirable futures. Not predicting the future, but envision 

the different possibilities of future scenarios that all fulfill the commonly set system 

boundaries. Descriptions of the desired futures are followed up by creating the paths back 

to this moment. At this point more actors are involved in the process to further enrich the 

process with novel views from different angles. New actors form the outer circle of the 

stakeholder composition. However in the envisioning process, actors of inner and outer 

circle are mixed up in different ways. Up to this stage the amount of participating actors 

could have been increasing.  

The final stage is institutionalizing the transition process, which means that a small group 

or few small groups have created new networks with shared mission. These small groups 

are the embryos of a new alternative regime. This study covers only the first two stages 

and ends at creating the scenarios at the third stage.  

Inner and outer circles 
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As mentioned earlier, stakeholders can be categorized into the ‘inner circle’ and ‘outer 

circle’. Inner circle consists of those parties that are financing the project or have been 

asked to participate in the steering group, because of their complementary abilities. 

Participating parties are chosen within nutrient economy domain and it was aimed to cover 

entire nutrient related value chain. Inner circle consist of representatives from niche 

technologies, fertilizer producer, food producers, energy sector, state organization 

responsible for innovation development, ministry, committee for Baltic Sea protection 

group, and naturally the researchers of various backgrounds. There are still missing 

representatives from retailers, e.g. big supermarket chains, consumers, and farmers. Those 

parties that are financing the project have divergent agendas and expectations in regard 

with the project, which will be discussed later. 

Outer circle of stakeholders is constructed with the same principle as the inner one, but 

only more openly. Participants are approached with the survey to activate them and get 

them the idea of the purposes and outcomes of the project. Subsequently, those who are 

interested are able to join. Survey is not a pre-condition though, but only an activation tool. 

Approached parties are selected with the same idea as previously, to cover the entire 

nutrient related value chain.  

Characterizing stakeholders 

 In stakeholder management it is important to determine the stakes of each group, since 

they may alternate on their quality and magnitude (Polonsky 1995, 29- 46). In developing 

the TA regarding sustainable nutrient economy, it is obvious that actors have very 

divergent stakes. In ST, determination of different groups’ stakes is essential for 

developing organization´s strategy (Polonsky 1995, 29- 46), however, in TM context, the 

accurate determination is not as crucial, for there is no presumption of co-operation other 

than in the TA. It is enough to be aware of different actors’ different stakes.  

Nevertheless it is important to study the interests and motives of each stakeholder in 

NUTS-project. Stakeholders can be grouped by their motive to participate in the project. 

As mentioned, inner circle of participants consists of the financiers and primary 

beneficiaries. All inner circle stakeholders were approached personally and it was their 

voluntary choice to take part, thus, not all approached stakeholders complied. Apart from 

one NGO- representative, all stakeholders are from business sector. For each stakeholder 
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nutrient economy presents different case. For some it is their core competence, while to 

others it is only distantly familiar term. Therefore, three different groups can be 

distinguished to explain the initial motive for participating in such a project, which is 

outlined in the Table 4. 

 

Table 4. Stakeholder´s stakes 

Stakeholders Stake/Motive – Why to participate in NUTS- 

project? 

 

Group 1 – 

‘Utilitarian: Could not 

afford to stay aside’ 

Sustainable nutrient economy is in the core of their 

business and they have found niche-market for it. For 

this group, in order to grow their business, this is a 

way to influence on the future development and 

policy-making. For this group NUTS-project is their 

window of opportunities. They possess chance to 

dictate the direction of the transition development. 

Niche-actors, 

Niche-regime-

actors (Avelino 

2011) 

Group 2 – 

‘Opportunistic: Wants 

to foresee the future 

with threats and 

chances’ 

For some actors in this group sustainable nutrient 

economy is a threat and for some it is a future 

opportunity, but at the moment it is not their primary 

interest. Nevertheless, for both it is a way to foresee 

the direction of development and perhaps influence 

on it in beneficial way. For this group project is ‘a 

window through which they can see what is 

happening outside’, which will determine whether 

they should seize the opportunity or protect their 

status quo.   

Big and 

influential 

regime-actors 

(including 

government) 

Group 3 – ‘Share the 

concern’ 

Protect and improve the environment. NGO’s 

 

The interplay of the first group of actors and the second group is very interesting. 

Participation implies the biggest risk for the first group, because they might leek their core 

knowledge to the potential competitors. On the other hand, they could not afford to stay 

aside, for through the project they have a chance to redefine their business environment 

and influence on their future prospects. Second group is intriguing and diverse. For them 

participation is not as risky, but it may play a major role in strategic terms. In addition, for 
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the project their involvement provides more resources to build up further projects and 

experiments. In a roughly simplistic view, actors of group 1 have to share some of their 

knowledge but not too much, to lure the actors of group 2 in, which on their behalves can 

reinforce the transition. Actors of group 2 have to be intelligent and brave enough to seize 

the right opportunities and proactive enough to ‘catch the train’.   
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5 TRANSITION MANAGEMENT CYCLE, STAGE II: ENVISIONING 
OF TRANSITION VISION(S) AS DUAL SCENARIO PROCESS 

 
The second stage of TM cycle is the development of transition vision(s) and corresponding 

agenda. Shared vision enables generative learning, which in turns leads to expansion of 

organization´s capacity to create its own future (Flood 2011, 24), except in this context it 

would expand network´s capacity instead of only one organization.  In NUTS- case 

transition visions are created with scenario tools, in particular back-casting and forecasting 

tools. Scenarios are used to cope with uncertainty in areas with long term planning 

horizons (McDowall and Eames 2006, 1236- 1250), such as sustainable transitions. They 

can have a major role in the development of shared vision and creating powerful 

expectations of the potential niche technologies, and mobilizing resources necessary for 

their realization (Weber 2006, 189- 205). In addition, scenarios can assist the buildup of 

networks enabling the transition.   

Futures research can be linked to innovation processes by the lead time of the innovation 

process and the uncertainty of the innovation process (Van der Duin 2006, 35- 37). Futures 

research seems to have the most impact in the first phases of innovation processes, where it 

stimulates and inspire people to think about new innovations, new future developments and 

to challenge prevailing perceptions (Uotila et al. 2012, 34). In regard to environmental 

innovations and system innovations, which time perspective is long per se and which 

impact realizes in delay, futures research can possess crucial potential.  

Adaptive planning emphasizes the need to connect development of scenarios to the 

maintenance of real options, which means the gap between the future visions and on the 

one hand, the possibility to shape the future and on the other hand, the ability to adapt to 

developments beyond our influence. Maintenance implies the need to keep as wide range 

of options available as possible, in terms of research and activities. What comes to 

scenarios in terms of adaptive planning, they should neither be purely exploratory nor 

purely normative, but instead define different possible future scenarios according to the 

normative objectives and goals. In addition, scenarios should be plausible, multifaceted but 
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also challenging. They should not try to predict but stimulate innovative thinking. (Weber 

et al. 2008, 354- 360)  

 

5.1. The development of transition visions 
 

The articulation of vision(s) is the touchstone throughout the TM process, although it is not 

fixed but always under review (Berkhout et al. 2004, 56- 57). However, setting the guiding 

vision or visions is somewhat problematic when different actors with divergent interests 

are involved. TM literature manages to neglect these concerns (Berkhout et al. 2004, 57- 

59), even though the importance of vision is emphasized (Rotmans et al. 2000; Berkhout et 

al. 2004, 56- 57; Geels and Smit 2000, 867- 885). The requirements for the vision are quite 

loosely and vaguely defined, providing examples such as clean coal and renewable energy 

in setting visions for reliable energy (Kemp and Rotmans 2004, 147). It should be noted, 

though, that despite the earlier mention in the text of visions being assimilated to fixed 

stars, they should be distinguished from the so-called ‘blue-print’ thinking. TM differs 

from current policy-making in a way that interim objectives are derived from the long-term 

objectives through back-casting, and contain qualitative as well as semi-quantitative 

measures (Kemp and Rotmans 2004, 148).  

Setting sustainability visions and transition goals require agreement on what sustainability 

means in a specific context. Both vision and goals are not fixed, though, once and for all, 

but they evolve during the transition process through learning and experimentation. New 

visions emerge through variation, while other visions die out through selection and some of 

them are only further adjusted. (Kemp 2008, 379- 380) 

Scenarios, in NUTS-case, are built in a dual process, in which stakeholders influence on 

both processes. These scenarios should be interpreted as transition visions. Systemic 

backcasting process is done partially quantitatively but also qualitatively, while forecasting 

is carried out only qualitatively. The forecasting process does not require stakeholders and 

experts to think outside their prevailing roles, but conversely allows them to lay out all 

their knowledge and practice about the present situation regarding nutrient economy, and 

the direction of change they would prefer from current stand. Backcasting, on the other 

hand, requires more open and innovative thinking.  
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Backcasting and forecasting processes are meant to work in a complementary way (Höjer 

and Mattson 2000, 613- 634; Van Berkel and Verburg 2012; Kok et al. 2011, 835- 851). 

Forecasts help to indicate that current development is undesirable, which provides impetus 

for backcasting process. Thus, forecast scenarios are treated as reference point for 

backcasting scenarios (Höjer and Mattson 2000, 613- 634). As for backcasting process, 

stakeholders´ input is primarily essential to the process of determining the transition paths 

from present towards the desired future images. Researchers are mainly responsible for 

building the backcasting scenarios, although stakeholders´ input enrich them. Study is 

elaborated partially quantitatively in order to provide numerical evidence but also to 

showcase the magnitude of needed change.  The relationship between two scenario 

processes is outlined in the following Figure 9. 

 

 

Figure 9. Integrating back-casting process with forecasting  

 

The integration of two methods should work as a zipper which is operated by stakeholders 

in the middle. Although backcasting is emphasized more in the course of entire project, the 

relation between two processes is quite evident, with forecasting being auxiliary tool. 

Forecasting process springs naturally out of stakeholders where they have a chance to 

formulate the problem and frame solutions in a blank canvas, whereas backcasting process 

starts from science-based problem definition (Rockström et al. 2009, 472- 475) and 

includes stakeholders only later on.  If planning strategy would only include forecasting, it 
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would impose a risk of seeing only “realistic” solutions today, which should only be 

allowed to determine the pace of transition but not its direction (Robért 2000, 243- 254), 

for which back-casting is used in parallel.  

The concerns of the challenges to create shared vision among diverse group of participants 

in the TA are acknowledged and taken into consideration. Hence why, there has been a 

need to create transition space, which is a common ground for visions and also a common 

ground for actors. Firstly, some fundamental principles are defined, discussed, and agreed 

on among the actors, which serve as the basis for the transition space. These principles are 

the first order principles and guiding principles that are explained further. Quantitative first 

order principles were chosen, because they would correspond to concrete and objective 

principles. As scenario process will unfold the possibility of having multiple visions is not 

excluded but rather incited, as long as they fulfill fundamental principles. Principles are 

needed to make sure that relevant aspects of sustainability are not neglected in the process 

of transition (Robèrt 2000, 243- 254). This should ensure inclusion of variety of solutions, 

providing a chance to experiment, reflect and come up with the most appropriate and 

viable ones. The importance is not in choosing one guiding vision, but in delineating the 

transition space, within which different visions can be articulated more explicitly.  

Participation of a wide range of actors and stakeholders in the network-based process is a 

requirement for sustainability oriented innovation systems (Quist et al. 2002, 273). 

However, involvement alone is not enough. Contribution in forms of co-operation and 

networks that work together based on a shared vision is more important (Quist et al. 2002, 

273). State actors should not be external to the innovation process but rather an integral 

part of it. This implies that state actors are not in the steering position but rather act more 

as moderating and modulating actors (Weber 2006, 191- 193). Participatory nature is 

needed not only in the problem definition but also when searching for solutions and 

conditions and developing shared visions (Quist et al. 2002, 273).  

Goal-orientation is a prerequisite for transitions as it provides orientation for the future. 

However, goal-orientation alone is not sufficient enough in present globalized economy 

and society, in which the ability to adapt to emerging challenges and constantly changing 

circumstances becomes an essential asset. Adaptability should be maintained through 

experimentation and variety-creation, eventually leading to structural changes in multi-

level systems. Hence, a balance between adaptability and goal-orientation is the challenge 
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for transition governance, for which first-order and second-order learning can contribute 

significantly.  (Weber 2006, 191- 193) 

 

5.2 Backcasting as a method 
 

Backcasting is a method to create future visions that are in the core of TM approach (Kemp 

and Rotmans 2004, 147- 148). It is a way to apply sustainable development principles in 

the strategic planning (Holmberg 1998, 31- 51). The method was influenced by systems 

thinking and complex dynamics of sustainability in relation to societal activity and it was 

created as a part of the Natural Step (Holmberg 1998, 31- 51). The Natural Step formulated 

four non-overlapping principles for sustainability, which help to create sustainability 

strategy (Holmberg et al. 1996, 17- 48). Based on Holmberg (1998, 31- 51), in order to 

make intelligent decisions in a complex, dynamic and uncertain system, it is fundamental 

to identify the overall principles of the system. These principles are usually applied 

together with backcasting, serving as sustainability requirements.  

Backcasting uses future as the starting point, with the intention of dismissing today´s 

trends, in order to foster creativity and obtain early warning signals when current 

developments lead to dead end (Holmberg 1998, 31- 51).  Back-casting has proved 

superior to the traditional forecasting as a strategic planning tool.  It is useful especially, if 

the studied problem is complex, if there is a need for major change, when dominant trends 

are part of the problem, when the problem is a matter of externalities, or when the scope is 

wide enough and time-horizon long enough to leave room for deliberate choice (Dreborg 

1996, 813- 828). If applied in a clever way, back-casting can open eyes to overlooked 

options (Höjer and Mattson 2000, 613- 634). Backcasting in the TM context could be 

useful in realizing the measures to bring about the windows of opportunities, by analyzing 

how current, “unsustainable”, trends could be broken, when the traditional forecasting 

indicates that targets will not be met (Höjer and Mattson 2000, 613- 634). Backcasting can 

be participatory, in order to involve stakeholders in planning, stimulate action among them 

(Carlsson-Kanyama et al. 2008, 34- 46), and foster empowerment.   

Participatory back-casting 
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Participatory backcasting is a special case of backcasting methodology. Herein, 

backcasting process is carried out not only by analysts and experts, but also among broad 

stakeholder involvement (Quist and Vergragt 2006, 1027- 1045). Broad stakeholder 

involvement includes non-governmental organizations, private and public actors from 

different domains, social actors like public interest groups, research institutes, and citizens. 

Future visions should be created as interactive and iterative processes, with continuous 

feedbacks between future visions and present actions (Quist and Vergragt 2006, 1027- 

1045). Future visions are not the ultimate goal, though, but only means to realize the 

needed actions and direction for transition towards sustainability.  

The methodological framework for participatory back-casting can be generalized and 

translated into five stages: 

1) Strategic problem orientation 

2) Construction of sustainable future visions or scenarios 

3) Backcasting 

4) Elaboration, analysis and defining follow-up and action agenda 

5) Embedding of results and generating follow-up and implementation  

Despite this framework is depicted as stepwise and linear, it should not be interpreted like 

that. As already mentioned, iteration cycles between different stages are possible and even 

recommendable. Backcasting process (as the entire process, not only one stage of the 

framework) is also a dynamic process, which means that some stakeholders might leave 

while new ones come in. It is a normative, problem oriented and multidisciplinary process 

and by involving stakeholders, it is also trans-disciplinary. Stakeholders are not only 

important because of their practice specific knowledge, but also for endorsing the results 

and subsequently, realizing the proposed action agenda and specific follow-up. 

Subsequently, back-casting framework also enables higher-order actor learning i.e. change 

in the mind sets, values, attitudes, and underlying convictions, which leads to more space 

for actions and behavioral alternatives.  (Quist and Vergragt 2006, 1027- 1045) 

Backcasting is more explorative and normative method and it attempts to answer how a 

solution to a particular problem might look like? Or more simply what should happen? 

(Carlsson-Kanyama et al. 2008, 34- 46; Vergragt and Quist 2011). Backcasting scenarios 

recognize better than other scenario methods the systemic nature of the challenges ahead, 
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and so it is compatible with TM approach (Vergragt and Quist 2011, 747- 755). 

Backcasting is a reflexive and iterative procedure, in regards to both vision and pathway 

creation, encompassing learning processes not only about preferable futures and their 

contradictions, but also about present, about each other, about barriers and incentives, 

about the change agents, and about how to improve visions to be more appealing and 

resilient (Vergragt and Quist 2011, 747- 755). A vision generated in backcasting study 

should become a guiding image for actors and networks (Vergragt and Quist 2011, 747- 

755), involved in the process, which will subsequently owe the vision and proceed 

accordingly.  

Vergragt and Quist (2011, 747- 755) raise the question about who develops the future 

visions, experts, stakeholders, citizens or all of them together. In the case of experts, 

researchers and stakeholders, the difficulty is to disengage from the present (Vergragt and 

Quist 2011, 747- 755) and envision out-side-the-box. It is argued, that expert-led 

backcasting tends to have bigger influence on the policy objectives while participatory 

backcasting tends to achieve stakeholders’ and lay-persons’ buy-in (Vergragt and Quist 

2011, 747- 755).   

Finally, the process of backcasting should show policy-makers the barriers and obstacles 

on the road towards more sustainable nutrient economy, and also show the possibilities to 

tackle these challenges. As from stakeholders’ point of view, backcasting process provides 

opportunities to gain better understanding for adjusting their long-term strategy and 

subsequently set short-term objectives. More importantly though, participatory backcasting 

provides a platform to build new networks and create shared vision for the networks, 

which would in turn lead to more stability and less uncertainty in regard with radical 

transition.  

Shared visions 

Shared visions are important in technology development as guiding images that are 

endorsed by actors, which mean that visions have ability to shape the development of 

socio-technological systems. They contribute to the long-term planning while avoiding the 

risk of authoritarian blueprints. Visions have also the potential to deal with problems, for 

which there are no set rules or institutions. (Quist and Vergragt 2006, 1027- 1045) 
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Partially participatory back-casting was chosen as a method in NUTS-project to generate 

transition visions. In terms of learning, back-casting creates the needed distance from 

actors’ short-term assignments and everyday interests and concerns. Long-term perspective 

and a time span of at least 30 years helps to stimulate more open thinking (Van de Kerkof 

and Wieczorek 2005, 733- 747). Forecasting was chosen as a parallel process to create a 

reference line.  

To stimulate the distance, visions need to meet certain criteria. Visions need to be 

imaginable, but at the same time inspiring and innovative in order to encourage 

participating actors to be open, creative, and endorse the idea of radical change. Visions 

also need to be transparent and consistent, avoiding the contradictions between some 

elements. Choices and assumptions that are made along the way should be displayed 

openly. Finally, the objectives and developments in the visions should be qualitative rather 

than quantitative to tackle too narrow perspective (Van de Kerkof and Wieczorek 2005, 

733- 747).  

 

5.3 Forecasting 

 

Traditional scenario analysis or scenario planning is usually applied in the form of 

forecasting, i.e. trying to imagine wide range of possible futures. Companies, 

organizations, and governments have used scenario planning to strengthen strategic 

management and to generate and evaluate strategic options (Schoemaker 1995, 25- 40). 

The drawback of backcasting is that it does not address the ongoing changes driven by 

exogenous processes (Kok et al. 2011, 835- 851), for which forecasting scenarios 

developed by stakeholders could account for (Nakicenovic et al. 2000).  

The objectives of forecasting process is to (I) improve systems understanding within the 

TA, (II) enhance networking within the stakeholder process, and (III) strengthen 

innovation activities (Van der Meulen et al. 2003; Salo et al. 2004, 70- 88). Important 

elements of constructing forecasting scenarios are identification of stakeholders and 

identification of current trends (Schoemaker 1995, 25- 40). According to Schoemaker 

(1995, 25- 40) it is useful to consider three classes of knowledge, when contemplating 

scenarios:  
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1. Things you know you know. 

2. Things you know you don’t know. 

3. Things you don’t know you don’t know.  

 

Forecasting process can be discerned into three stages: identifying main concerns about 

future developments (Kok et al. 2011, 835- 851) including formulating the problem, 

discussion of key uncertainties and driving forces and developing actual scenarios (Kok et 

al. 2011, 835- 851). The first stage was delivered through questionnaire, with the aim to 

capture as broad perspective as possible on the nutrient economy rather than solely collect 

statistical data. The questionnaire addressed current situation, with problems and 

uncertainties, from the most relevant system-levels such as, policy-making, markets, etc. It 

also took the first step to the future by asking how each stakeholder would develop the 

nutrient economy to become more sustainable.  

Questionnaire is analyzed in terms of answers and the position of each stakeholder in the 

studied domain, i.e. from who´s perspective the answer is given, niche- or regime- actor, 

policymaker, or researcher etc. Latter could also contribute to the closer analysis of 

stakeholders. With the questionnaire stakeholders are activated on ‘the right mood’ for 

receiving information from backcasting process and for reflecting their knowledge and co-

producing new ideas. With questionnaire weak signals should be identified and scenario 

work, in turn, would institutionalize them. Scenario planning takes intellectual courage to 

reveal evidence that does not suit current conceptual ideas, and especially when it threatens 

one´s own existence (Schoemaker 1995, 25- 40). 

 

5.4 Development of the transition scenarios 
 

NUTS-project utilizes the Natural Step (TNS) framework in the back-casting process. The 

steps of strategic planning for sustainability according to Holmberg (1998, 31- 51) and 

corresponding NUTS-steps: 

Step 1: Definition of criteria for sustainability (Definition of first order principles and 

guiding principles) 
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Step 2: Describing the current situation in relation to the criteria for sustainability 

(Quantification of the current state in relation to the first order principles) 

Step 3: Envisioning and discussing the future (Envisioning desired scenarios in the 

transition space) 

Step 4: Finding strategies to link the present with the future situation (Delineating the 

pathway to fill the gap between the present and desired future – quantitatively and 

qualitatively) 

Executing the scenario process in simple step-by-step method should keep the complexity 

low as far as possible without losing comprehension of the whole system (Broman et al. 

2000, 13- 25).  

Scenarios are not only meant to indicate the gap between now and the desired future, but 

also sharply point out the desired direction of the development (Sondeijker et al. 2006, 15- 

30). Scenario work could also be perceived as a method to create the window of 

opportunities (Berkhout et al. 2002) as it includes identifying pathways to meet the goal(s). 

Quantification of the gap should ensure the endeavor for structural change by eliminating 

the possibility to only result in optimization strategy.  

 

5.4.1 First order principles 
 

When dealing with complex problems it is more efficient and helpful to first look for the 

principles that define the system and only then move to higher levels of detail keeping in 

mind these first order principles (Broman et al. 2000, 13- 25). First order principles are the 

binding principles that define the sustainability of nutrient economy. They are 

constitutional i.e. principles that define the system (Robért 2000, 243- 254). It is easier to 

make diverse group of stakeholders to share first-order principles than a detailed picture of 

a vision (Broman et al. 2000, 13- 25). All of them know some detailed knowledge within 

their own fields and industries, but they might lack the overview necessary to understand 

the whole nutrient economy. Hence why, the envisioning process starts with first-order 

principles.  
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Obviously it is difficult, perhaps impossible, to explicitly define what is sustainable 

nutrient economy, but in order to carry out this study quantitatively, it was essential to 

specify some concrete values. Therefore, planetary boundaries (Rockström et al. 2009, 

472- 475) were chosen to serve as first order principles, as they were concrete numerical 

values determining the levels of planet´s resilience. Naturally, in order to meet the criteria 

for sustainability, all planetary boundaries should be included in the analysis, but as it 

would make the analysis too complex and time-consuming, only the boundaries of nitrogen 

and phosphorus were included. Food security was an implicit principle, for otherwise 

results would be fallacious. In all scenarios people´s nutrition level should stay sufficient.  

Resilience (Holling 1973, 1- 23) is a widely accepted approach to resource management, 

which was also used in determining so-called planetary boundaries. Planetary boundaries 

set the limits for safe human operations, whereas transgressing one or more planetary 

boundaries will trigger non-linear, abrupt environmental changes (Rockström et al. 2009, 

472- 475). According to this study, planetary boundary for biogeochemical nitrogen (N) 

cycle was limited to industrial and agricultural fixation of N2 to 35 Tg N annually, and for 

phosphorus (P) cycle the annual P inflow to oceans should not exceed 10 times the natural 

background weathering of P. Equivalent values of current state are for nitrogen 121 Tg N 

annually and for phosphorus 8,5- 9,5 Mt annually (corresponding to planetary boundary of 

11 Mt/year), which indicates that nitrogen boundary has been transgressed and phosphorus 

limit is on the threshold. In NUTS- project backcasting scenarios will be partially 

quantitative in terms of nitrogen and phosphorus; in addition, other planetary boundaries 

will be discussed and observed in the actual report.  

Obviously one can argue that planetary boundaries are not adequate or accurate enough. 

They are only the first estimates (Rockström et al. 2009, 472- 475) and there still remain 

lots of uncertainties. Feedback loops of natural systems still need more research and better 

understanding, and most likely will never be understood sufficient enough due to the 

complexity. Yet, planetary boundaries are the first attempt to quantify limits of safe 

operating space for humanity, the resilience of natural systems. Resilience stands for the 

measure of persistency of systems and of their ability to absorb change and disturbance 

(Holling 1973, 1- 23), whereas, adaptability is system´s capacity to manage resilience 

(Walker et al. 2006). Furthermore, resilience is well in line with TM approach, as in the 

management terms it emphasizes the need to keep options open, the need to view events in 
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a regional rather than only local context, and the need to emphasize heterogeneity (Holling 

1973, 1- 23). From managerial perspective short-term strategy is striving for adaptation, 

whereas long-term strategy should enhance the resilience, ability to adapt in the future too. 

Both approaches are influenced by systems approach and adaptive management, 

emphasizing feedback system, learning and experimentation (Berkes and Folke 1998, 10-

11). Quantification of scenarios should generate a sense of urgency that would convince 

actors of the necessity of regime transition, but on the other hand encourage them to be 

free in envisioning innovative solutions (Sondeijker et al. 2006, 15- 30).  

Eventually it is a question about either social resilience or ecological resilience. Either we 

pursue the regime transformation purposely to maintain the ecological resilience, or the 

resilience of natural systems will break down creating new system, which will force us to 

adapt in a way or the other. Socio-technical regimes are by definition structurally resilient 

(Smith and Stirling 2010) and when these regimes are unsustainable, socio-technical 

resilience is undesirable property (Walker et al. 2006). In other words, in order to sustain 

the ecological resilience, we need to find ways to undermine socio-technical regime´s 

resilience, their ability and capacity to resist radical change.  

 

5.4.2 Guiding principles 
 

Guiding principles determine favorable outcomes in a system and how to reach these 

outcomes (Robèrt 2000, 243- 254). Guiding principles are the three dimensions, by which 

created scenarios differ from each other. These dimensions are discussed and chosen 

according to the identified dimensions from previous scenario works (Cork et al. 2005, 

225- 293) and from current paradigms in nutrient economy. Dimensions are: 

1) Sustainability strategy would be striving for eco-efficiency vs. cascading and 

closed loops; 

2) Spatial focus of integration of actions would be in a local vs. global scale 

3) Major drivers would be derived from the markets and economic incentives, or 

directly from regulation, thus leading to market-led vs. policy-regulated scenarios.  

 



75 
 

 
 

In the most previous scenario works spatial focus of actions and the extent to which 

governments intervene to manage societal systems are typical disjunctive dimensions 

(Cork et al. 2005, 225- 293; Larsen et al. 2011; Hubert et al. 2010). Therefore after 

profound discussions and background analysis these dimensions were chosen in NUTS-

scenarios. In addition, research group wanted to add one dimension that is particularly 

relevant to nutrient context, the paradigm of eco-efficiency versus cascading and closed 

loop- approach. In the former, the idea is to minimize all flows, while the latter 

concentrates on recycling the flows leaking out of the system back to the system, hence 

why the strategy is to close all loops. More efficient resource use and recycling and re-

using resources are consistent with two basic mechanisms, dematerialization and 

substitution, of sustainability objectives described by System Conditions in TNS (Robèrt et 

al. 2002, 197- 214).  

The number of scenarios is not predefined, but it is clear, that more than one scenario is 

needed to capture the variety of solutions. Multiplicity of transition scenarios should help 

to map out the nature and types of uncertainty in order to anticipate on it, to avoid an early 

lock-in by keeping options open, and to create space and ambition for new directions in 

solutions (Sondeijker et al. 2006, 15- 30).  

 

5.4.3 Quantification methods 
 

Quantification starts from planetary boundaries, which are defined on global scale 

(Rockström et al. 2009, 472- 475). Subsequently, local planetary boundaries are quantified 

in the Finnish national level using the same principles. The limit of nitrogen accounts for 

25 % of current reactive nitrogen fixation, whereas the limit of phosphorus accounts for 

tenfold of pre-industrial run-off. Quantification is taken further to regional level, with 

choosing three Finnish regions to cover on the one hand disparity of regions and on the 

other hand the variation of solutions. Regions differ in their agro-food production structure 

and in the demographic structure. In addition to spatial levels, quantification is carried out 

for system levels of agro-food domain, in which the critical sub-systems are disclosed. 

Critical sub-systems are those that either needs to change significantly or carry the biggest 

potential for change in them. Critical sub-systems can vary in each scenario and not all of 

them can be quantified in the first place nor will they be quantified. Current state will be 
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quantified at first, followed by quantification of desired future states using the same 

methods, which will indicate the gap and thus determine the scale of change.  

In terms of nutrient usage, the demarcation of system was set at the usage that is under 

Finnish decision making power. In other words, export and import of food and feed are 

included in the quantification. Also, the volume of production was decided to be kept at the 

same level in each scenario to sustain comparability.  

 

 5.4.4 Envisioning scenarios in the transition space 
 

Transition space is composed with three dimensions as mentioned earlier, spatial 

dimension, sustainability strategy dimension, and steering method dimension, as shown in 

the Figure 10. Scenarios are created within transition space by identifying crucial sub-

systems, which have the most potential to change or have the most influence on the change 

in the whole system. Identified sub-systems are: farm, food supply chain, waste 

management, energy production, diet, water ecosystem, market, policy, norms, and 

innovation, out of which others represent the objects of change and others the means of 

change. Earlier allocated national gap is further allocated on sub-systems according to the 

scenario in question. This way, crucial sub-systems will be identified in each scenario and 

their need for change quantified.  
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Figure 10. Envisioning scenarios within transition space 

 

Sub-systems can be divided into those where change occurs in the functional level and 

therefore it is quantifiable and those that enable this change and cannot be quantified 

explicitly. Quantifiable sub-systems are: farm, waste management, food supply chain, 

fertilizer production, energy industry, water ecosystem, and diet. Enabling sub-systems are 

policy, market, social aspect, including values, norms and attitudes, regulations, and also 

diet can be considered as enabling sub-system. Sub-systems can be categorized in various 

other ways too, for example those where the actual environmental impact occurs and those 

that are responsible for it by their decisions. Sub-systems are very diverse in relation to 

their function in the whole system and in relation to their function in the transition process, 

which makes it difficult to explicitly outline their roles. There could be more sub-systems 

or there could be less, depending on the desired resolution level of the analysis.  

Sub-systems are identified to seize better understanding of the critical functions that need 

to change and how the change in one sub-system affects the other one. In systematical 

approach it is not appropriate to assume ceteris paribus assumption, i.e. changes in one 

sub-system do not cause any changes in others, nor is it feasible to take reductionist 

approximation when pursuing structural transition or system innovation. Therefore, the aim 

is not to only change one sub-system and see how it affects the other ones, but to find 
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appropriate combination of changes in each sub-system to achieve overall transition 

towards more sustainable nutrient economy. Consequently, it requires delineation of 

reciprocal relation among sub-systems and between each sub-system in regard with 

nutrient economy. Quantification of needed change is supposed to indicate the needed 

scale of change, for which sub-systems should be transformed into measurable properties, 

which are presented in Table 5.  
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Table 5. Applied quantitative measures on different examination levels 

Examination 
level 

Used measure – N Used measure - P 

Planetary 

boundaries 

Fixation of reactive nitrogen Run-off into the oceans 

Finnish 

national level 

Fixation of reactive nitrogen Run-off into the Baltic Sea 

Farm Nitrogen use efficiency/nitrogen run-off 

from fields/nitrogen surpluses in the 

soil/nitrogen budget 

P use efficiency/P run-off from 

fields/P surpluses in the soil/P 

budget 

Food supply 

chain 

N losses in food waste P losses in food waste 

Waste 

management 

N losses to landfill/N losses to water 

bodies 

P losses to landfill/ P losses to 

water bodies 

Fertilizer 

production 

Use of synthetic fertilizers vs. 

compensation of synthetic fertilizers with 

the organic ones 

Use of synthetic fertilizers vs. 

compensation of synthetic 

fertilizers with the organic ones 

Diet NUE depending on the protein source and 

the production method/origin 

NUE depending on the protein 

source and the production 

method/origin 

Energy industry N losses through flue gases  P losses through flue gases/ash 

Water 

ecosystem 

N run-off into the water ecosystem P run-off into the water ecosystem 

  

Objects of change: 

Farm 

From simplistic Figures 5 and 6 it can be seen that farm level is quite central to the whole 

nutrient economy, because it is the origin of major part of nutrient leakages out of the 

system but it is not autonomous. Other systems influence on the functions of the farm. The 

crucial indicators on the farm level are inorganic, synthetic fertilizer inputs and on the 

other hand nutrient losses from the farm. According to (Tilman et al. 2002, 671- 677) food 

contains 30- 50 % of nitrogen input and around 45 % of phosphorus input. The rest of 
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nutrients remain in the soil or leak from the farm system by leaching, volatilization and 

waste streams of livestock. In the farm system it is important to increase nutrient use 

efficiency to reduce environmental degradation. Nutrient use efficiency (NUE) can be 

measured by nutrient surplus in the soil, nutrient budgets or nutrient run-off.  

Food supply chain 

Food supply chain implies processing, distribution, retailing and consuming. In terms of 

the food supply chain, the sustainable management of the entire chain is of vital 

importance in order to achieve sustainable nutrient economy. There is an ongoing debate 

about whether it is more efficient from environmental point of view, to produce large 

amounts on highly specialized and centralized sites far away from consumers or to produce 

as close to consumers as possible to avoid trade-offs of the long distribution and 

transportation chains. Measurable factor could be generated food waste from the farm gate 

to consumer´s household. In addition, food miles or safe food miles could contribute to the 

assessment of overall sustainability.  

Diet 

The relationship of consumer´s diet and food supply chain is very interrelated, as on the 

other hand consumer´s diet depend on what is offered in the grocery stores while on the 

other hand, the marketing and prices of food retailing, continuously shape the diet of some 

consumers. Taste preferences and food trends play important roles at the moment of 

purchase too. Commonly, consumption of meat and animal products is less 

“environmentally efficient” than eating vegetarian diet (Reijnders and Soret 2003; Baroni 

et al. 2007, 279- 286; Smil 2002; Tischner 2010, 74). However, not all animal products are 

bad. Animal products should be produced there where soil does not allow growing crops 

(Smil 2002). And yet, there remains the question of whether organic food or local 

production should be favored over conventional intensified production in the large scale. 

And weather humans need animal-based protein and if so, how much? Nevertheless, the 

determinant factor in diet system would be the source of protein and how and where it is 

produced.  

Waste management 
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Waste management system in nutrient economy concerns biodegradable waste disposal 

from households, public sector, food supply chain, and farms. Waste fractions can be 

categorized as following (based on Kahiluoto and Kuisma 2010, 31): 

1) Farm: biodegradable part of fallow of land, harvesting waste, manure, other animal 

originated waste (such as carcasses); 

2) Food supply chain: biodegradable waste, waste from food processing; 

3) Households: biodegradable waste, waste water sludge (via waste water treatment 

plants); 

4) Biomass of buffer zone; 

5) Biomass of drainage basin. 

The measurable factor is nutrient run-off into the water ecosystem; however it can be 

reduced or avoided by activities in the previous sub-systems and efficient waste treatment.  

Fertilizer production 

Fertilizer production does not directly contribute to the environmental impact of 

unbalanced nutrient management, but it is responsible for it through its products, synthetic 

fertilizers. In terms of phosphorus, there is also a question of exploiting non-renewable 

natural resource and in both cases, production of N and P –based fertilizers, vast amounts 

of fossil energy are consumed. Fertilizer producers should be subdivided according to the 

inputs they are using, i.e. whether they use organic or non-organic matter, which is the 

predominant condition. Even if all organic matter would be recycled synthetic fertilizers 

will be needed to some extent. Furthermore, innovation and knowledge of fertilizer 

industry should be transferred and utilized in the production of organic fertilizers.  

Energy industry 

Intensive agriculture is increasingly dependent on the energy, synthetic fertilizers and 

water. Lots of energy is consumed along the whole food production chain, starting from 

the industrial fixation of nitrogen, which is a very energy intensive operation and uses 

fossil fuels. Ammonium production, which is the raw material of nitrogenous fertilizers, 

uses up to 40,9 GJ (in 1998) of primary energy per ton and is responsible for 

approximately 80 % of total energy consumption of nitrogenous fertilizer (Worrell 2000, 

20). Finnish citizen consumed 257 GJ in 2011 (Tilastokeskus 2011). Naturally energy 
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industry is also responsible for substantial part of nitrogen emissions, but on the other hand 

its residues, e.g. ash and flue gas, might also serve as a source of organic nutrients. Energy 

industry can be measured by its nitrogen emissions and/or nutrient recovery rate.       

Water ecosystem 

Water ecosystem is the final deposit of phosphorus and significant amount of nitrogen. 

Eutrophication and hypoxia are perhaps the most obvious and most visible consequences 

of poorly managed nutrient economy. Nutrient loadings or nutrient run-off could be used 

as a quantifiable measure. In terms of the Baltic Sea, agriculture is perceived to account for 

52 % of nitrogen run-off and 60 % of phosphorus run-off, accordingly communities and 

industrial sector possess the share of 19 % and 5 % (N), and 7 % and 5 % (P) (Uusitalo et 

al. 2007).   

Means for change: 

Market 

In terms of nutrient economy, market of agro-food products, energy market and fertilizer 

market are the most relevant market mechanisms that influence on the prices along the 

nutrient value chain. As mentioned earlier, farmers are those that have major potential to 

influence on the nutrient management on site, but they are facing tremendous market 

pressures from all of the above mentioned domains, and thus unable to change their 

practices from current standing. Inexistent and undeveloped markets for agriculture’s, 

waste management’s, and energy industry´s by-products and residues affect the situation in 

an unfavorable way. As with other environmental issues, pricing of externalities should be 

applied to all products, in order to steer nutrient economy into the right direction through 

market mechanisms. An example of wrong type of steering direction could be seen in meat 

production. Many researches show that producing meat has very significant impact on the 

environment, not only in terms of nutrient management, and yet still meat consumption 

continues to grow (FAO 2009).   

Policy 

Policy influences all systems on some level through laws, regulations, recommendations, 

taxes and subsidies. When these systems form a larger system, as in this case nutrient 

economy, and constantly interact with each other, these different policy measures get 
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mixed which results in contracting development or hindering the right type of 

development. Policy tools need to be coherent and reinforce each other to the desired 

direction, which should be determined through long-term vision as discussed in chapters 4 

and 5.  Policy tools help to create markets where they are inexistent or undeveloped, for 

example with instruments such as emissions trading. On the other hand, policy can also be 

directed towards indirect authority by influencing on people´s beliefs, expectations, 

outlook on things, institutional frameworks and arrangements (Kemp 2008, 375- 376).   

Norms, values and attitudes 

In the societal systems the roots of any radical change lie in norms, values, beliefs, 

traditions, and attitudes, which need long periods of time to transform. Again, policy has a 

huge role to play in this context, but also research institutes, universities, and other 

organizations can contribute to shaping social aspects of issues. Only by looking at current 

nutrient regime one can see, that social structure of the system is shaped by strong and 

deeply rooted beliefs and attitudes. Growing consumption of meat is often related to the 

increasing wealth, because meat is traditionally sign of prosperity. So is the belief that “the 

more the better”. Convenience, speed and comfort are driving forces in people´s everyday 

life, because “time is money”. Recycling and waste management have still fairly “dirty” 

image and people are getting more and more disconnected from the environment in terms 

of spatial sense as well as social sense. Lots of people still justify meat-based diet by 

saying that human beings are on the top of the food chain and thus have right to eat 

animals, not taking into consideration the environmental aspect of meat consumption. Old-

fashioned attitudes and values are still in control of most of the businesses too. Maximizing 

the short-term profits by quantifying only the measurable, i.e. financial, factors does 

neither support the long-term sustainability nor ensure companies´ long-term success. 

Reductionist approach still reigns over systems thinking.   

Innovation 

Innovation system should not be neglected when speaking of transition management. 

Innovation is certainly needed, in particular, appropriate management of innovation 

activities. A vast amount of knowledge and innovation is already “out there”, but for some 

reason it is not exploited in an efficient way. Despite of a promising idea, some projects 

and experiments dry up due to the lack of investment and funds. Some promising projects 
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do not realize spin-off activities or emanate to the right channels of influence. Some 

innovations collide with incumbent structures, which hinder the further diffusion of it.  

 

5.4.5 Delineating transition pathways 

 

Creating the pathways to each scenario is the actual back-casting. Different scenarios are 

created by allocating the gap of needed change to different sub-systems in different 

combinations that would all ensure the achievement of planetary boundaries in each 

scenario. Sub-systems that are rather means than objects of change are designed in 

consistency with other sub-systems that have been quantified. In a way the description and 

exploration of this process is already part of the back-casting because it searches for how, 

by which means, the needed change is achieved. However, these sub-systems are also 

distinctive parts of each scenario and therefore included in the scenario building process. 

Subsequently, pathways are created in co-evolution with stakeholders. However, they are 

not in the scope of this work anymore.  
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6 RESULTS AND DISCUSSION 

 

6.1 Process related discussion 

 
The first and second steps of transition cycle are establishment and organization of 

transition arena and consequently development of transition visions (Kemp and Rotmans 

2004, 146). These stages are very critical for the success of the entire project and also for 

the successful implementation of further steps. Several issues should be pointed out that 

require closer attention. 

Establishment and facilitation of the transition arena  

Establishment and development of transition arena is the basic premise, which TM 

approach lies on. TA is the essential part of purposive transition (Berkhout et al. 2004, 66- 

70), and its ambitiousness should not be neglected. Following the instructions of ‘ideal’ 

TA (Rotmans et al. 2000) is challenging in the practical real world. On the other hand it is 

important to find actors from as wide as possible, not only within single societal group, 

with different backgrounds and consequently different knowledge. On the other hand, 

these divergent actors, who might have nothing in common with each other, have to find 

common language and common ground for discussion and innovation. In NUTS-project 

applying back-casting method complemented with forecasting solved this contradiction.  

In back-casting method the starting point is in the far future, which helps participants to 

break away from today and everyday –type of thinking. It provides today´s competitors 

and today´s representatives of juxtaposition to set aside their dissenting agendas and 

motives and think more objectively about sustainability. When there would be no chance to 

agree on some common perceptions of sustainability and common agenda between these 

actors in the present, it is much easier to find at least the minimal consensus in terms of the 

far future. Especially for industry or company participants, it is more common to think 

either about present goals or near-future goals for time frame of only 1- 5 years, which 

binds their skills to envision with basic presumptions of commercial world. The actual 
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transition agenda is disguised through the backcasting and forecasting processes in order to 

avoid stakeholders´ confrontation.   

TA needs to have the right proportion of homogeneity and heterogeneity (Van de Kerkof 

and Wieczorek 2005), in terms of knowledge and ideas, but also in terms of stakeholder´s 

operational position. As described earlier TA requires visionary and innovative people, but 

also more pragmatic people who can actually implement and turn transition visions into 

action. In addition there is a need for people or actors, who can bring together these two 

groups, those who can transmit the innovative visions to the right operational actors. In a 

way it is selling the visions to the actors of functional level, but also finding actors with 

strong influential power, such as the state actors, who wants to commit to the visions. This 

is a special challenge for NUTS-type of bottom-up project, which is confronted with the 

project task of institutionalization.   

If we think about NUTS-project and TM cycle, we can notice, that technically NUTS-

project started with the third stage by setting up a project, which is a transition experiment. 

And only then it moved towards establishing TA. TM approach is meant to be reflexive 

and flexible in this sense, though, so it does not possess an issue. However, due to this type 

of arrangement, the selection of participants in the TA was already partially predefined by 

the project set-up. Consequently, primary members of the TA are financiers and also 

members of the project´s steering group. Most of them have vested interests in not only the 

strategic outcome of the project but also in the practical experiments delivered within the 

project, which could influence on their day-to-day business. So, for the most of the inner 

circle of stakeholders there is an additional external incentive, complimentary to intrinsic 

motivation (Thomas and Velthouse 1990, 666- 681). Whereas outer circle of stakeholders 

participated out of intrinsic motivation solely and only rely on the strategic outcome of the 

project.    

In addition, the TA is larger than it is suggested in the TM literature (Kemp and Rotmans 

2004, 146- 147), due to the above mentioned circumstances. The ideology was to launch 

TA as openly as possible in order to engage as vast group of stakeholders as possible, 

which is also supported by political ecology science, which identifies arguments against 

expert-led TA (Lawhon and Murphy 2012, 354- 378). This was organized by the open 

workshop. Subsequently, it is possible to break it down into smaller and more specialized 

sub-arenas. This is more or less necessary taken into consideration the interdisciplinary 
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nature of the nutrient economy. Also, as it follows, TM cycle should be repeated several 

times in a reflexive way as it is suggested by the TM theory.   

Transition management approach needs to be applied out of intrinsic motivation (Avelino 

2009, 369- 390), which means that project initiators actually believe in TM –thinking. In 

NUTS-project this was obviously the case. Transition management team, consisting of 

researchers from different domains, realized and agreed on the perception of nutrient 

related problem. Sustainable nutrient economy needed system innovation, which led to 

familiarization with TM thinking. Furthermore, also the stakeholders involved, need to 

have intrinsic motivation, which comes from actors´ sense of impact, competence, meaning 

and choice, to access the full potential of the stakeholder process (Avelino 2009; Thomas 

and Velthouse 1990). At least some level of intrinsic motivation is fulfilled by the 

voluntary participation, addressing choice, of the primary stakeholders. For most also the 

meaning aspect was probably fulfilled, because the impact of unsustainable nutrient 

management can be seen in the local environment and especially in the Baltic Sea. 

Competence could be seen as trivial aspect in this case, because without it, actors would 

not be in the positions they are. The critical component in this regard is the sense of 

impact. A lot of actors addressed their concern about the ability of making difference in the 

survey. Typically, most of them felt that government was the one, who needs to take the 

first step and create circumstances, where they could act sustainably. 

Government´s role 

Sustainability issues often present the problem of initiation. Business sector calls for 

governments to take action on making sustainable strategies viable and attractive in 

business world, in which sustainability is still mostly seen as a soft value. Governments on 

the other hand, seem to be reluctant for applying too strict regulations or striving for too 

radical changes in the dread of banishing businesses. Taking the first step seems to require 

lots of courage, which NUTS-type of project could reduce for both sectors, if state actors 

would be willing to participate actively. Transition arena provides common platform for 

government actors, researchers and industry-actors to come together. 

Another notable issue lies in the establishment of TA. Who is responsible for it? TM 

literature argues, that it is government´s task to not only set-up the arena but also to 

facilitate the interactions, and furthermore, not only in process terms but also in terms of 
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substance (Kemp and Rotmans 2004, 147; Kemp 2008, 381; Kemp et al. 1998). However, 

it has gained some critique, (Avelino 2009), arguing that government is not the ideal for 

this task. Does government have the sufficient competence and is it neutral and unbiased 

enough? Loorbach (2007, 154) in his thesis gives more explicit description of developing 

and facilitating TA and expands the responsibility of doing that over to other than merely 

state actors. As discussed earlier, NUTS- project was not only set-up but also was and still 

is facilitated by transition management group, consisting of action researchers. 

Government is represented indirectly through one of the financiers, Tekes, which is a state 

organization and directly through proxy of Ministry of Agriculture and Forestry. In NUTS-

project, though, government plays significantly smaller role than in numerous Dutch 

transition experiments (Hoppe et al. 2012; Avelino 2009), at least so far, by only providing 

their expertise if needed. However, government´s role can quickly shift from passive to 

more active, if they notice appropriate signals. From project´s point of view it is important 

to have a state representative at least as a passive participant, for it provides some leverage 

to influence on the policy development and gives more credibility in the eyes of industry 

stakeholders. 

Systemic problem and sustainability definition 

TM approach is designed to manage system innovations, which in turn aim to solve 

persistent problems. Not all problems can be perceived as persistent or systemic, hence 

why TM approach would be neither applicable nor appropriate in all situations. In the wide 

perspective, though, any problem can be defined as a systemic problem. Fundamentally it 

only depends on the system demarcation i.e. to what extent do you define the system. The 

more concise the boundaries are the less there are variables and solutions are more simple, 

and vice versa. In simplistic systems there is no need to use TM approach when the 

problem can be solved e.g. by solely technological innovation, product innovation or 

service innovation. Systems thinking and TM –approach intend to emphasize that societal 

problems should be perceived and dealt with as systemic problems rather than simplistic 

ones.  

Nowadays there are signs that systems thinking is more recognized, at least as a way of 

thinking, but when it is translated into action the reductionist pattern can still be detected, 

which explains why some TM experiments have not been as successful as initiated. NUTS-

project defined nutrient economy as a systemic problem from the start, which justified TM 
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approach. Unbalanced nutrient cycles were not perceived as merely a negative side-effect 

of agricultural domain but were seen to form a societal system that is managed in an 

unsustainable way. This type of problem definition enabled taking into account all the 

factors and actors that influence on nutrient economy. Furthermore, one could recognize 

that different actors are responsible for substance flows and different actors for steering 

that process. Hence why, only the systemic approach is attractive in the long term.  

Some literature takes a critical stance on researchers´ role in the transition projects, when 

they are not only analyzing the process but also involved as action researchers in the 

application and advocacy of TM (Avelino 2011, 7). When researchers play double roles in 

the policy practice of innovation project, it may function as an impediment for a realistic 

and ‘honest’ analysis of the process. In a way researchers role in the TM processes gives 

them definitional power to influence on how sustainability issues are framed (Avelino 

2011, 7). Certainly, in NUTS-project researchers were required to act in double roles in 

some situations, but these situations were openly discussed and critically reflected upon. 

Mostly however, researchers put them self on the same stall with the stakeholders, as this 

transition project was as much an experiment for researchers as it was for the stakeholders, 

even though their goals and agendas were slightly different. Definition of sustainability is a 

challenging and consuming task on its own, for which in NUTS-project it was not paid too 

much attention on. Instead, planetary boundaries were chosen to frame sustainability 

quantitatively and qualitatively and they also acted as verification of impartiality. The most 

important issue in this regard, is to keep in mind that any choice made is leading to a new 

path-dependency and trajectory, and for this reason any choice needs to be visible and 

explicit.    

The definition of sustainability interconnects with the problem definition, which should, as 

mentioned earlier, be set as close as possible to the core problem, in order to include and 

cover the entire system under examination. In nutrient economy the problem is set as 

follows, the excess amount of phosphorus runoff into the water ecosystem and the excess 

amount of nitrogen fixation, as it is defined by planetary boundaries. This way problem 

definition includes not only analysis of artifacts (Lawhon and Murphy 2012), but also the 

ways artifacts are embedded in the society and consequent social impacts (Meadowcroft 

2009) and brings about different range of solutions (Shove 2004, 76- 94). In terms of 

nutrient economy, this implies not only looking for answers in agriculture and waste 
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management, but also examining the nutritional aspect and dietary choices, and 

consequently the management of the entire food provision system.   

As the goal of TM approach is to change the entire system to become more sustainable, the 

starting point is to define ‘the’ system. This process is a cumbersome one too, because 

there are many nested and overlapping subsystems, each undergoing different types of 

interlinked trajectories (Meadowcroft 2009). Again, in order to avoid too simplistic and 

narrow perspective, nutrient economy was chosen as the core system, complemented with 

subsystems of agro-food, waste management, and fertilizer industry. It is not actually an 

existing societal system, so the concept was deliberately created for this purpose. If agro-

food domain were to be chosen as the core system, it would´ve made the system too broad 

and heavy, and if agriculture were to be chosen, it would´ve neglected food processing, 

distribution and consumption aspects.  

Objective sustainability goal is a prerequisite in TM process and should be explicitly 

defined. Sustainability definition always encloses value judgments and some level of 

subjectivity, but in terms of any real project, it is too time-consuming to try to define 

sustainability criteria explicitly. Therefore, researchers made all implicit values and 

choices that were taken explicit in order to ensure self-reflection and visible reference 

(Lélé and Norgaard 1996) to all participating stakeholders. Choosing planetary boundaries, 

gave nutrient economy quantitative measure, which in turn enhances goal-directedness and 

helps to measure actualization and ambitiousness of the transition visions. Especially in the 

commercial world, which only recognizes measurable units, numerical and quantitative 

goals are more likely to generate some action. On the other hand, numerical goals also 

showcase the rate of ambitiousness needed when creating innovative future visions.  

Back-casting method complemented with forecasting method, was implemented in order to 

generate future visions that fulfilled sustainability criteria. Scenarios were used to stimulate 

and steer innovation into the right direction. In TM-approach new regime alignment is 

created by niche-cumulation i.e. series of niche-developments, connections and new 

networks. It implies that innovation should not concentrate on a single function but rather 

on a series of functions that can link to each other and reinforce transition. Scenarios 

perform a higher-order tool to manage the portfolio of different niches and innovations. 

Scenarios or particularly pathways ensure that innovations are in line with each other, and 

they are of reinforcing nature rather than hindering. 
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Power relations 

The TA involves stakeholders with different type of stakes as it was discussed in Chapter 

4. Their stake depends on how close their status quo or their current business is in regard 

with nutrient economy. In addition, their market position influences on the magnitude and 

type of stake. In turn, divergent stakes result in situation, where some actors in the TA 

have competing interests in the status quo or in the future. This affects their willingness to 

take an active role and partially formulates their behavior, which presents a cumbersome 

challenge for transition management team. Where the aim is to innovate and come up with 

alternative(s) regime(s) concerning nutrient economy, participants are required to set aside 

their current standings, and concentrate on the issue alone. In order to create open 

atmosphere between participants, transition management team has to ensure the existence 

of trust among the participants. 

Transition embeds changes in several societal structures, which means that politics and 

power relations between different actors cannot be avoided neither in analyzing transitions 

nor implementing transitions.  They are, however, so large entities on their own, that they 

are excluded from this study. It should only be noted that large-scale societal transitions 

are not to be unfolded without strong political will and confrontation (Meadowsroft 2009).  

Therefore “transitioners” should pay more attention on power aspects of the system. 

Avelino and Rotmans (2009), for instance, have suggested a conceptual power framework 

in the context of structural change, which would be helpful in analyzing systems’ 

governance and the friction points in terms of prospective change.  

Top-down or bottom-up transition process 

In the Netherlands, where TM approach has originated from, the approach has been used 

on the national policy level in the sectors such as energy, transportation, agriculture, 

housing, and health-care (Hoppe et al. 2012). Projects have been set up in a top-down 

manner and have involved numerous stakeholders. It is fairly evident that solving complex 

societal problems requires strong public support, which Dutch TM projects have received 

in the form of finance and supervision. However, these projects have possessed some 

problems. Since TM was applied in a top-down manner, it was not embraced and adopted 

by all participants (Avelino 2009). Transition arenas resembled more typical stakeholder 

platforms where incumbent “big players” pursued only their own interests (Avelino 2009). 
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It seems that TM became just another type of governance model and did not realize in 

actual shift in thinking and learning, although it is yet too early to say.  

In contrast, NUTS-project as already discussed, originated from problem definition in a 

bottom-up manner. Unsustainable nutrient management was seen as a systemic problem 

that required new approach and new tools, hence why TM was chosen as the theoretical 

framework for the project. Government was neither involved in the direct financing nor in 

facilitating and guiding the process. Government was seen as an incumbent actor insofar as 

others. Obviously, it is too early to evaluate the success and impact of the project; however 

it should be noted that TM methodology was transmitted to all participants from the start 

and the project itself has not had a ready-made frame to fit into, which allowed fairly 

reflexive and adaptive way of facilitating the process. This indicates that the obstacles 

faced in the previous projects should be surpassed. (However, will the government engage 

into something that it isn´t initiated and controlled by them?) 

TM projects can and should be initiated in both, the bottom-up and the top-down manner, 

depending on which approach suits the local environment better. The bottom-up approach, 

though, possesses another type of challenges. There is a risk that bottom-up projects would 

only involve small participants, which would lack the power of implementation in contrast 

to the big regime actors. Another risk relates to the earlier discussion about the initiation. 

The risk is that, will or would government engage into something that has not been 

initiated and controlled by them? Hence why, bottom-up projects need to seek to adhere to 

the prevailing development, in order to plant the seeds of change. This is a challenge and 

partially the responsibility of the transition management team, which should strive for 

enhancing the visibility of the project in the right contexts. Transition projects need 

marketing insofar as businesses, because transitions require societal acceptance and 

adoption insofar as businesses need their customers. In the first year of NUTS-project 

organizing TA, including openly involved outer circle of stakeholders, has been the major 

part of increasing project visibility. A large stakeholder workshop, aiming at circa 100 

participants, is the highlight and benchmark of the first phases of transition experiment, 

which will set the tone for the follow-up actions.  
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Herein, two types of transition processes can be distinguished based on their set-up and 

organization, top-down and bottom-up manner. They have different starting points, which 

result in different approaches throughout the process. Differences between these two are 

not of drainage divide nature but more of directional guidelines and they are presented in 

Figure 11. These guidelines are meant to emphasize how these two manners can 

complement each other and why both of them are needed. Top-down transitions usually 

originate from government´s push, hence why they are more oriented towards governing 

transformation. TM-experts manage the process and transition arenas are composed with 

the ´elite´ group of certain domain.  

 

 

Figure 11. Top-down and bottom-up transition processes complementing each other 

 

In contrast bottom-up initiatives spring off any stakeholder and government does not take a 

visible role in facilitating the process. Problem orientation is more likely to occur in this 

situation, for by default this is bottom-up initiative and governing the transition is more 



94 
 

 
 

difficult, if not impossible. Transition arenas are usually based on networks approach, in 

which through networks it is possible to access knowledge and other valuable assets. 

Transforming large societal systems, such as housing, transportation or energy sector, is 

the focal point in a top-down manner, whereas large natural systems are more in the focus 

of bottom-up processes. Hence, visions of top-down processes are more solution oriented, 

such as ´carbonless society´ or ´green living´, etc., whereas problem oriented visions, e.g. 

closing nutrient loops, are more natural to occur in the bottom-up processes. In the former 

it is more essential to identify possible niches and find enabling mechanisms, while the 

latter should accent niche-cumulation, i.e. a way in which niches could link up to and 

reinforce each other, expanding the nets around them. Finally both ways are striving for 

institutionalization of the process. 

Transitions take long periods of time, a multiple of one project’s lifetime, thus, it is 

important that projects have continuum. Follow-up action is crucial in institutionalizing the 

outcomes of the projects. How to sustain long-term visions past the project lifetime, 

though? This is where the top-down and the bottom-up processes could complement each 

other. Certainly there is a need to institutionalize long-term visions, so that they would last 

over several projects´ lifetimes and be integrated into individual projects strategy. Only 

then transition would be managed in a comprehensive and coherent way. 

   

6.2 Content related discussion 
 

Some clear content-related nodal points can be identified in the nutrient economy. The 

functional unit, that has the biggest direct potential to improve nutrient management, is 

agriculture. However, it seems that agriculture domain has the least possibility to influence 

on their actions. Farmers in Finland, and globally, are becoming more and more 

disconnected from the end-consumers and are pushed into very intense and harsh price-

competition by big retailers (Fuchs et al. 2009, 31- 35; Tischner and Kjaernes 2010, 10- 

11; MMM 2006). Retail corporations have increased not only their economic but also 

political power significantly in the global agro-food economy and are able to set private 

rules with an obligatory nature (Fuchs et al. 2009, 31- 35), which concerns sustainability 

issues as well. According to the IAASTD (McIntyre et al. 2009) farmers need more 
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investment in the R&D and agro-ecology, to provide necessary knowledge and innovation 

in order to improve production efficiency while conserving and maintaining sustainability. 

Public policies are also needed to value ecosystem services that could provide multiple 

functions of agriculture.      

TA was created with the aim to cover the whole nutrient value chain, but so far it lacks 

representation of food retailing sector. As it turns out in the analysis of nutrient economy, 

it is essential to engage retailing sector in the process, since it is very influential. The 

reason, why NUTS –project did not reach and tempt retailing sector was probably that 

nutrient economy is yet fairly unknown compared to e.g. climate change as an 

environmental debate. Retailers do not see the potential of creating more value by 

promoting nutrient economy yet (as compared to climate change). Business sector is driven 

by searching for business advantages and avoiding business disadvantages. Unfortunately, 

at present nutrient economy does not influence on retailing neither positively nor 

negatively. Therefore, one of the goals in NUTS –project is to highlight the 

unsustainability of nutrient economy and make it more visible and known, which in turn, 

would improve chances to impact on the policy.       

Food waste along is another individual function, that can, if decreased, benefit all 

stakeholders along the food supply chain, but it needs more research. Idealistically food 

waste seems to be a win-win situation for everyone, but little action has been executed to 

make a difference. Food retailers have vast databases about suppliers as well as consumers 

and with exploitation of ICT (Tischner and Kjaernes 2010, 10- 11), food supply chain 

could be managed more efficiently with less waste load. With increasing food prices, 

growing food shortages, and problems in waste disposal, price mechanism and different 

policies should be directed at substantially reducing waste.  

When talking about nutrient use efficiency it is unavoidable to neglect the choice of diet. 

Balanced diet is not only a health concern but also an environmental and social issue. 

Obesity and excess amounts of food supply in other regions result in inequality, 

malnutrition and poverty in other regions. In addition to the question of amount, it is also a 

question of protein source and quality of production i.e. where and how certain food is 

produced, and how it is distributed. It is undisputed to argue that in general meat 

production, especially beef and pork production, is less environmentally friendly and less 

efficient in terms of nutrient use efficiency (Smil 2000; Smil 2002). However, not all meat 
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is bad and not all animal-based proteins more harmful than plant-based ones. Therefore, it 

is crucial to provide more accurate, accountable and traceable information about food 

items in order to steer and improve nutrient management through diet education.  

Since waste streams keep increasing and are carrying more and more value, they need to be 

harnessed more efficiently. Instead of seeing waste management as only dirty auxiliary 

end-of-life process, it should be perceived as one of the beneficiary processes in the value 

chain among the others. Whereas in agriculture requirements are more of knowledge and 

R&D importance and in food supply chain more of managerial importance, in waste 

management it is more of commercial importance. For instance, there are numerous 

technologies for phosphorus recovery from different forms of waste streams, still most of 

technologies are not yet commercialized. Waste management could offer new business 

models and opportunities, if only there were sufficient incentives and more entrepreneurs.  

Fundamental question of sustainable nutrient management is how much inorganic input is 

needed, if needed at all? Access to inorganic fertilizers should be restrained in a way that 

would benefit overall management, which means that regions suffering from abundance of 

nutrients could give or sell their rights for inorganic fertilizers to those that have nutrient-

poor soil. Emission trading could be implemented in the nutrient economy similarly to 

carbon market, but it would require some changes in the policy. All in all, most of the 

above mentioned issues require some changes in the policy and regulations to enable 

changes in practices. Policy tools is a wide entity on its own, hence it is not covered 

comprehensively in this study. Besides, policy is more in the focus when delineating 

transition pathways, having enabling nature in realization of transition visions.  

 

6.3 Follow-up agenda 
 

According to TM cycle the following steps after the establishment of TA and the 

development of future visions are developing transition agenda, initiation and execution of 

transition-experiments and projects, finally followed by evaluation and monitoring of the 

transition process, goals, policies, and learning effects. Transition agenda is developed by 

delineating transition pathways, which connect present with the future visions. Future 

visions are intended to be ambitious and innovative, and radical compared to the 
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extrapolation of current regime, which implies that the process of creating pathways is as 

challenging as creating transition visions. There might be different pathways that can lead 

to the same point and the focal point might change or it might be adjusted if needed. The 

aim is to systematically assess needed steps in order to achieve desired change. Within this 

process, one should identify current and possible future obstacles, political, regulatory, 

economic, technological, infrastructural or practical ones, and evaluate whether these 

obstacles are to be transgressed. Under which conditions they are and they are not 

transgressed? And does transgression cause negative feedbacks? First order principles 

should be kept in mind throughout the entire process, which set constrains. Those 

pathways that do not comply with the first order principles should be abandoned or 

adjusted. Altogether, the process of creating pathways is constantly reflexive and iterative 

with respect to the transition vision and with respect to the transition pathways.  

Evaluation and monitoring of the transition process is not only the function executed after 

all other stages but rather perpetual activity throughout the entire transition process. 

Evaluation and monitoring is needed for learning process in respect of actual process, 

goals, and policies, and in respect of the content, when new data and insights become 

available. As transitions require long periods of time to occur, it is obvious that lots of 

things will change during that period, consequently, monitoring, evaluation and learning 

should be perceived as essential to retain the project ‘up to date’. As described in the 

introduction chapter, this study is part of the monitoring and assessment process of the first 

phases of NUTS –project.  

The first cornerstone of NUTS –project, in terms of transition process, is an open 

workshop that is addressed to all stakeholders involved and interested in nutrient economy. 

Workshop is part of the larger entity of transition arena, which has similar goals to TA but 

only in a larger and more open context, with emphasis on innovation, sustainability visions 

and networking. The agenda of the workshop is to discuss and enrich transition visions, 

with a possibility to create an entirely new vision, and launch the process of creating 

pathways, by identifying barriers and obstacles as well as come up with innovative 

enabling solutions. Even though the workshop is based on co-creation within all 

stakeholders, without making division between researchers and participating actors, the 

existence of boundary line to some extent is not avoidable. Researchers and participators 
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have different responsibilities and different agendas prior and after the workshop, which 

are discussed separately.  

TM group 

Transition management group is responsible for facilitating and guiding the whole 

transition process, as well as organizing the open workshop. Workshop is not meant to be 

an arena for presenting results of back-casting and forecasting but rather an arena of co-

creation, nonetheless, based on the results from back-casting and forecasting. Participants 

of the workshop will be fed with inputs from back-casting process as well as forecasting 

e.g. questionnaire. Inputs are intended to act as stimulus for innovative discourse, which 

however is combined with the above-mentioned principles, as it is demonstrated in the 

Figure 10.  TM group should stay in the background, while giving space for other 

stakeholders. It is important to create open atmosphere, in which actors would fulfill the 

criteria of intrinsic motivation, especially fulfilling the feeling of impact. Stakeholders are 

from different industries and different businesses, which imply that TM team should 

ensure and assist in creating common language. On the other hand the responsibility of TM 

team is to listen and analyze the on-going discourse, and on the other hand stimulate it and 

guide to the right direction.  

The open workshop is one cornerstone of the stakeholder process in NUTS -project. Back-

casting and forecasting processes goes on in the parallel with the stakeholder processes as 

shown in the Figure 9. Two-fold structure of the project represents two-fold goals that lie 

on the other hand in scientific investigation and on the other hand in societal influencing. 

In terms of research, workshop will provide feedback to the on-going processes as well as, 

new perspectives and new ideas for the follow-up. Complementary, in terms of action, 

workshop is an attempt to popularize nutrient economy, broaden its concept within society, 

and strengthen its transitional status among stakeholder groups and policymakers.  

The open workshop sets premises for the follow-up action, and thus it is yet too early to 

define what the follow-up action will be like. The desired outcome is that transition visions 

will take clearer shape and stakeholders will devote themselves to one of the visions. In the 

process of delineating visions and pathways, new alignments will begin to occur as a result 

of an on-going networking. One of the tasks for the TM team is to bring different 

stakeholders together and identify possibilities for new type of networking activities and 
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interaction that would benefit niche-cumulation and niche-attachment to the transitional 

developments.  

As a parallel process to the stakeholder and scenario building processes or as a 

complimentary process to creating pathways, TM group should investigate and aggregate 

the portfolio of niches within the nutrient economy (Smith and Stirling 2010). This might 

also be a relevant spin-off project. Portfolio of niches would be helpful in identifying 

different niche-cumulation pathways, but also in building up the momentum to shake up 

the prevailing regime. Niche-cumulation could provide opportunities for stakeholders in 

not only strategic planning but also through industrial symbiosis, in which traditionally 

separate industries strive collectively for competitive advantage involving physical 

exchange of materials, energy, water and by-products (Chertow 2007).   

The process of creating pathways is not only of participatory nature with stakeholders but 

also of scientific research, which links up to the final task of the project - policy framework 

and institutionalization. Pathways are not only created to provide a long-term strategy to 

the stakeholders but even more to identify the barriers and the friction points that are 

hampering transition. At this point research is shifting from the functional systems to the 

enabling systems, such as markets and policy. Market mechanisms require close attention, 

as they have different impacts and different implementation prerequisites. So far, tax on 

meat, feed-in tariffs on organic fertilizers and cap-and-trade for synthetic fertilizers have 

risen into discussion. Policy tools need to be assessed in terms of coherence and 

comprehensiveness.  

Inner circle of stakeholders 

Inner circle of stakeholders consist of members and their representatives in the steering 

group. They are the “owners” of the transition process in NUTS-project, which means that 

they have some vested interest in the project. However, each stakeholder is participating 

with diverging agendas and motives. The open workshop is a place for these stakeholders 

to network and align with those sharing similar agendas. It is also possible to learn from 

those with divergent perspectives. Overall, it is important for them to be open-minded, 

conversational and willing to re-assess their company´s vision in the light of nutrient 

economy, if needed. These stakeholders also “carry”, by their own status and recognition, 

the status of nutrient economy within the TA. It implies major significance to the 
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stakeholders from the outer circle and may cause positive or negative chain reaction. TA 

should constantly look for fortifying the capacity for positioning itself favorably in the 

light of ongoing political processes and mobilizing support, investments and other 

commitments away from incremental repair work and toward transition visions (Smith and 

Stirling 2010).  

Outer circle of stakeholders 

Outer circle of stakeholders are all those that participate in the open workshop from their 

own willingness. They have practically no responsibilities, in terms of the project, and only 

possibilities to learn, to influence, to network and to innovate. They do not have vested 

interest in the project by default, so they carry the potential for radical thinking and 

innovation. From NUTS- point of view, benefits are measured by the quantitative and 

qualitative participation rate of outer circle of stakeholders. The benefits could be 

generated as follows:  

• Outer circle of stakeholders network with inner circle of stakeholders forming new 

alignments, that are beneficial in overall transition process; 

• Outer circle of stakeholders provide novel ideas and knowledge; 

• Outer circle of stakeholders transmit transition visions to their own organizations; 

• Outer circle of stakeholders contribute to the mutual aim of raising the status of 

nutrient economy; 

• Outer circle of stakeholders are potential participants of follow-up and spin-off 

projects. 
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7 CONCLUSIONS  

 
Transition management approach is appropriate when dealing with complex, systemic 

socio-technical problems, such as nutrient economy turned out to be after multi-level-

perspective analysis. Nutrient economy does not exist as such system in the society, but 

parts of it can be identified in the other societal systems. It was necessary for this study to 

delineate nutrient economy as its own system, and it should be further conceptualized and 

followed up, in order to reinforce the transition and institutionalize this process. More 

precise system definition would enhance understanding of dynamics with other systems 

and within the system, and assist decision-making at all societal levels.   

Nutrient economy combines socio-ecological and socio-technical systems. Socio-

ecological system implies human-ecosystem interactions, such as applying nutrients into 

the soil, recycling organic fertilizers, and reinforcing or hindering nutrient runoff. Socio-

technical system consists of industrial manufacturing of fertilizers, wastewater treatment 

and nutrient separation, and food production and retailing. Food consumption does not 

clearly fall into either of the categories, but it is very influential in the whole system and 

should not be neglected. Policy and regulations are existent in both of the systems.  

Nutrient economy should be raised to more broad discussion and public awareness, not 

only as a term but also as a phenomenon in a similar way to climate change. Imbalance of 

nutrient cycles is a serious problem that can not only pollute our lakes and the Baltic Sea 

but also disturb food security and food availability in the future. Biggest problems in the 

current regime of nutrient economy are managerial, regulatory and communicational, not 

technological. For instance, most consumers are still not aware that only by reducing waste 

and more responsible diet choices they could improve nutrient economy significantly.  

Sustainable nutrient economy would be such, in which nutrients would cycle between 

socio-ecological and socio-technical systems, maintaining the stoichiometric balance. 

There are already different technologies and even business models for nutrient recovery 

and recycling, but prevailing regime is hampering their break-through. There are no market 

incentives, no real market demand, no up-to-date regulation and no supportive politics. On 
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the other hand, all of these issues are only a matter of reorganization, restructuring, and 

rethinking, nothing that cannot be done. However, turning secondary nutrient streams back 

to the system is not sufficient solution. Profound reconstruction of food production and 

supply chains and food consumption behavior is inevitable, not only in terms of nutrient 

balance, but also in order to ensure food security and availability in the long term.  

Creation of transition vision(s) follows the problem and system definition. Transition 

vision(s) should be explicit, innovative, and ambitious, which encouraged choosing 

partially quantified values. Certain type of system definition generates certain type of 

solutions, hence why the criteria for sustainability and subsequently the goals, were set as 

close to the actual environmental damage as possible. With planetary nutrient boundaries, 

revised locally and complemented with social equity, socio-ecological resilience approach 

was linked to the socio-technical transition theory. Consequently, transition vision(s) got 

objective and explicit form, and the typical vagueness and ambiguousness was avoided. 

Establishment of transition arena in NUTS-project did not follow precisely the TM 

guidelines. Partially the TA is overlapping with the steering group of the project, and 

partially it was created by open call for stakeholders. Participating project stakeholders, 

however, were chosen with certain criteria and their participation was based on the 

voluntariness. As guidelines regarding transition arena are still under debate, there is no 

clear understanding of ideal composition and facilitation of it. This was the first attempt for 

transitioning in nutrient economy; hence the importance was in engaging key stakeholders 

and launching discussion and conceptualization of nutrient economy, rather than merely 

testing TM theory.  

TM approach was applied in a bottom-up manner, in contrast to the more typical top-down 

manner. Bottom-up manner ensured intrinsic motivation in applying TM approach, which 

is one of the pre-conditions for a successful project execution. Without having government 

as an initiator and facilitator, it was possible to maintain politically neutral and objective 

stance. There was also no threat of regime actors getting too much power in the course of 

process, because there were many niche actors involved and no pressure to choose certain 

trajectories early on.   

It is justified to argue, that bottom-up organization allowed higher degree of freedom for 

transition management group. However, it presented the challenge of involving 
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government to participate actively. In many discussions government was pointed out as the 

one to have the greatest potential to influence on the transition. It is yet too early to assess 

the success or failure of this experiment, and even the means of how to measure success is 

indefinite. Nevertheless, it can be argued that bottom-up organization enables more open 

transition arena and more empowering culture than top-down. The difficulty is rather in 

engaging those actors that have influential and mobilizing power that are needed in 

dissemination of transition vision(s) and execution of transition agenda.  

Government´s role is fairly controversial in transition research. Transition experiments 

have often started from government´s initiation, which is not always advisable. 

Nevertheless, there is no doubt that government is a key-actor in a large-scale societal 

transition. However, government is, by default, also one of the main regime actors. It has 

vested interests in the prevailing structure. After all, it has built and retained it in the first 

place. Hence why, power relations and political aspect, demands a detailed and in-depth 

further research, which is also essential for institutionalization of the transition process.  

Quantified measure of sustainability is a major attribute to the further socio-technical 

experiments and studies. Despite, TM approach is shy of quantified goals, they could really 

enhance the integration of socio-ecological factors into decision-making in socio-technical 

systems. Politicians, regulators, businessmen and people in general, are prone to relate and 

to react better to numerical than abstract values. Numerical values justify and showcase the 

magnitude of needed change and needed action and sustainability cannot be accused for 

being vague or ambiguous no more.    

Transition project is a unique project type as, by default, it should not be treated as a 

project but more as a transition. Time range of transition exceeds multiple project´s 

lifetimes. This makes evaluation and assessment of transition project cumbersome. What 

makes it successful? Perhaps, the most appropriate way to measure the success of a project 

is the amount of action and spin-off projects one project generates. Transfer and diffusion 

of transition vision into each stakeholder´s personal and professional agenda depends 

highly on the engagement and determination of stakeholders themselves, a project could 

only create the impetus for this.  

Nevertheless, what NUTS has partially started and what should be continued, is 

communication and conceptualization of nutrient economy. It possesses similar threat, if 
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not greater, than climate change, but its communication and “marketing” has not reached 

the right ears yet. Marketing is indeed needed, for the right stakeholders and the broader 

demand has not yet encountered. But who will take the responsibility of delivering the 

marketing for eco-services? 
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