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This project has been funded by the investment theme Transformative Bioeconomies: Towards a materials transition that phases out fossil feedstock
1. Project summary (max. 600 words)
Please describe your project in a way that people from completely different disciplines and/or laymen can understand using the below format/headers. Note that we will use these descriptions for our website as well.
Innovative idea and objective
Describe the essence of your innovative idea, and what you wanted to study and achieve  in this project.

The current demand for resources requires a transition to a more sustainable economy. Transitions may effectively be triggered by slow background change in combination with disruptions that cause the system to cross a ‘tipping point’, so that the change becomes permanent. Rather than viewing disruptions as ‘bad’, the key proposal here is to consider disruptions as possible drivers for desired change, i.e., “don’t waste a crisis”. For instance, the energy use reduction and increased investments in alternative energy sources have probably been triggered by a combination of the steeply increased energy prices and the awareness around climate change. Similarly, we aim to identify options for policy makers to trigger a transition to a more sustainable textile economy.
Relevance to the materials transition in textiles and/or building materials?
Describe how your project is relevant to reducing the use of fossil carbon in the domain of textiles, building materials (housing and interior) or both?

Two key aspects for transforming are technological development and social acceptance for uptake of the new technology. Currently more sustainable textiles exist, and the focus here is to consider the adoption of these new textiles. Can disruptions like price shocks combined with longer-term policy provide opportunities to force a transition to a more sustainable clothing-based economy?
What did you do?
Describe briefly what activities you have undertaken to reach your objectives.

In this research we have developed an agent based model (see Appendix A: Draft of paper). The model simulates time series of monthly textile purchases by consumers. The textiles are produced by producer agents, and are distinguished based on three binary traits, namely is or is not sustainably produced, has or has no longevity, and is or is not a high-valued brand, giving eight classes of textiles. Each trait translates to a price premium. Consumer diversity is based on differences in available monthly budget for textiles and preference ranking for the three traits; not all consumers can afford all textile classes, and consumers may end up not buying in a particular month or having to choose between traits based on their preference. Producer agents adapt prices and produced volume based on sales in previous months. Importantly, consumers are linked via different networks in which preferences are shared and possibly updated after contact with peers.

The model allows for experimentation with different factors. This may be helpful in identifying policy options for making a transition, by considering the changes in model output after changing inputs and introducing disruptions, and by using the model to stimulate discussion about the important processes in the textile economy.
Main result, achievement and highlight
Describe the key results of your work. What insights have been generated? What is it you want to highlight?

We can experiment with different factors, like the distribution in available monthly budgets, rates of updating in price and produced volume by producers, and preference exchange and updating rates by consumers. Different network types are considered. The base model displays temporal variation in prices, produced volumes, and bought textiles of different classes (including buying nothing); in longer-running simulations certain classes of textiles can eventually disappear.

The experiments include a simulated social awareness campaign, in which a percentage of the consumers simultaneously reset their preferences such that they prioritize sustainable products. The results show that such a campaign alone is insufficient to trigger a tipping point towards a state that is systematically sustained by positive feedback between an increasing percentage of people who buy sustainable and producers who offer sustainable products at costs that are affordable for a large part of the consumer population. A systematic improvement is only achieved in the model when an awareness campaign is combined with a mechanism for social opinion diffusion, particular networking between consumers, and a decreasing marginal production cost mechanism (i.e. prices per item decrease as volume increases) – which are all real-life system properties.
Key message
What is the key message that people working on the materials transition should remember from your project? 
Social awareness about sustainability alone is insufficient to drive the materials transition. Instead, awareness campaigns – or sudden disruptions, for that matter – should occur in combination with social opinion diffusion in particular network structures and decreasing marginal production cost mechanisms to achieve a transition.



Visual abstract
Figure 1: In this project we constructed an agent based model to simulate the effects of a social awareness campaign in an environment with diffusion of preferences for products between consumers and price-volume elasticity. The combination of these mechanisms and the campaign can trigger a transition to a state in which a considerable percentage of the consumers systematically buys sustainable products at an affordable price.
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2. Questions about ‘readiness’ and possible follow-up (max 200 word)
This section serves the investment theme to understand the development the project has undergone. We aim at selecting Wildcard projects to be taken up by one of the domain flagships (building materials, textiles). To make a selection, we need to know what the progress has been, where the project is now, and what potential there is. 
Where you started
Explain where the project started. E.g. was there already some foundation, or did you have to start from zero?
There are no models that combine a description of the textile market including sustainable textiles, market dynamics, and social dynamics with disruptions that identify options for policy makers to force a transition to sustainable textiles.

Where are you now
Compared to where you took off, where are you now? What progress has been made? What remains to be done when looking at where you intended to be with this project at the start?
We have a working baseline model that covers the basic elements of the sustainable textile economy and consumer dynamics that produces relevant preliminary insights. The current model is not useful for quantitative predictions but can be used as input for discussions with experts on relevant additional disruptions and processes to consider.

Potential and next steps
How do you currently assess the potential of your project to contribute to the materials transition? What are logical next steps to take it further? 

The model needs to be extended to capture additional disruptions and processes in the textile economy. Model extensions include revised opinion (i.e., preference) dynamics and price-production mechanisms calibrated to real-life data, and explicit resource inputs for the producers to simulate disruptions such as in production prices of sustainable fibers.

Innovation readiness
Where does the project/innovation stand in terms of readiness? Is this something that can be piloted or rolled out in the outside world, or is this something that needs some further development and (lab) testing before it can be piloted in society? Is it possible/meaningful  to indicate an ‘innovation readiness’ level using the below scale? If so, how would you score your project idea?
The current model is useful to aid discussions on policy options for making a transition and can be published in a peer-reviewed journal. Preferably, however, it is developed further along the above-sketched lines. Innovation readiness is around level 4: agent based modelling has been used earlier for identifying options for transitions, but not in the context of the sustainable textile industry.
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Table 1: Innovation readiness levels as distinguished by Sartas et al, 2020.
3. Learning Journey (max 300 words)
We would like to understand a bit more about the process you went through, and whether and how being part of the investment theme Transformative Bioeconomies influenced your learning. We ask the project leaders to consult others when answering these questions.

1. Did your Wildcard project involve new collaboration with disciplines or people? If so, briefly explain what was new.

This wild card brought together a group of researchers from a diverse set of backgrounds (such as simulation modelling, consumer studies, textiles industry expertise), many of whom had never collaborated previously. The concept of building a simulation model to identify options for making a transition in the context of the textiles industry is novel.

2. If applicable, did the new collaboration alter your original thinking about the topic?  Did it change research directions or courses of action? If so, briefly characterize how.

While the core modelling group (Fonteijn, Hengeveld and Van Voorn) has worked and works on modelling transitions, the topic of sustainable fashion and its challenges in terms of market acceptance were new. The specific textile market provides a relevant case study with similarities as well as new particularities that do not occur in other economies in transition (e.g., the transition to a sustainable food economy). We have identified mechanisms for transitioning that may also be applicable for other transitions.

3. Did interactions during community days and/or meetings organized by the investment theme alter your original thinking about the topic?  Did such interactions change research directions or courses of action? If so, briefly characterize how.

The idea for this project originated during a community day and brought together expertise on sustainable fashion supply chain and a more theoretical understanding of complex systems, feedback mechanisms and their role in tipping points. Overall, this coming together of perspectives was experienced as very fruitful. Feedback in response to the presented posters has led to new ideas for improving the model and how to identify potential options for policy makers to trigger a transition. Some ideas have been implemented in the current version, but not all due to time and monetary constraints. 

4. Did you meet any challenges during implementation of your wildcard project? If so, what kind of challenges where these?

Translating real-world problems (such as fashion supply chains and their sustainability) into complex systems models such as agent based models requires substantial abstraction. The main challenge here was to define mechanisms for social influence (i.e., how do consumers influence each other’s preferences) and price and volume setting by producers. A further problem was choosing mechanisms that were appropriately constrained: too few constraints lead to behavior that is mainly random and has no interpretable relevance for policy makers, whereas too many constraints lead to overly complex deterministic behavior, which is difficult to interpret in a real-word sense. Several meetings between the modellers and the modellers with other people were needed to get to a model formulation and results that are sufficiently applicable and interpretable.

5. If applicable, how were these challenges eventually addressed? Did activities organized by the investment theme contribute to overcoming challenges? If so, briefly indicate how.

The problem of modelling social opinion diffusion was solved by discussions with in particular Els Weinans (working on the topic) and by reviewing ABM literature on the diffusion of innovation and by adapting solutions from that literature. The price and volume setting problem was addressed first by reviewing standard micro-economic analyses, followed up by multiple rounds of algorithm development and discussing the results, which ultimately led to a constrained random search in price-volume space. Discussions during the community meetings helped in generating new ideas and improving the visualization.

6. Has your involvement in the investment theme resulted in any new initiatives or spin-offs that would probably not have emerged if you had not participated? If so, briefly indicate how these new initiatives came about.

We are planning to submit an idea based on the current model to the 2023 call for Wild Cards of the Transformative Bioeconomies Investment Theme. The idea of “not wasting a crisis” for transitioning is new and will also be used in the context of modelling other transitions, in particular collaboration with Natalie Davis on the transition of the Dutch food system.

4. Additional project specific deliverables
Copy-paste the deliverables provided in your submission document and explain how you have met these deliverables. If deliverables could not be reached, please explain.   
Additional deliverables proposed when submitting the Wildcard project
Copy/paste from proposal
1) The elaboration on the concept and the initial modelling requirements during 1 or 2 workshops – including the new professors of communication (https://intranet.wur.nl/umbraco/nl/actueel/rens-vliegenthart-en-sanne-kruikemeier-versterken-leerstoelgroep-strategische-communicatie/)
2) The co-development of a preliminary agent based model to evaluate if the processes sketched above as proof of principle that in this way we could actually push a transformation;
3) Performing a literature search on past (failed) transformations to identify scenarios;
4) The co-development of a number of scenarios to identify the key parameters to swing a system during perturbation;
5) Writing a paper that covers the basic concepts and the preliminary agent based model;
6) To host a continuation workshop on the implications for social transformations and the identification of follow-up research opportunities and social impact activities.

Status of each project specific deliverable
Please report the status of each deliverable.
	1
	Project kick-off meeting on the conceptualization involving the applicants of the proposal and Rens Vliegenthart and Sanne Kruikemeier (who have consumer data) on May 24, 2022.

	2
	The prototype agent based model is included in Appendix A.

	3
	Several papers have been reviewed and used in the construction of the model; these are to be included in the draft paper.

	4
	Some scenarios have been identified and included in the model analysis; the model needs to be adapted further to handle additional scenarios, such as the effects of changes in producer supplies and of new technologies, such as new sustainable fiber production methods.

	5
	A paper draft with the description of the model prototype is added in Appendix A; some more time and effort is required to convert this to a paper submission.

	6
	This has not (yet) been done. We have held several smaller meetings involving modelers (Hubert Fonteijn, Els Weinans*, Natalie Davis**, Geerten Hengeveld, George van Voorn) in the fall of 2022, while useful feedback has been collected at the two community meetings on June 7 and November 8. Based on this feedback it is highly desirable to adapt / extend the model, but this has not yet been finalized due to limitations in time and finances.



* From Utrecht University, working on the modeling of opinion dynamics, a relevant subtopic for this project; submitted revised manuscript:  An exploration of drivers of opinion dynamics. Els Weinans, Patrick Steinmann, Elisa Perrone, Ahmadreza Marandi, George A. K. van Voorn. Revised for JASSS  (https://www.jasss.org/JASSS.html )
** From Utrecht University, working on the modelling of the transition of the Dutch food system, with obvious similarities to this project; submitted revised manuscript: Identifying personal and social drivers of dietary patterns: An agent-based model of Dutch consumer behavior. Natalie Davis, Brian Dermody, Mark Koetse, George A. K. van Voorn. Revised for JASSS 

Links to or copies of deliverables
Please provide links to or copies of deliverables below. You may insert them as Annexes in this document.
The prototype ABM is included in Appendix A of this report.



[bookmark: _Ref122613168]Appendix A: Draft of paper
Purpose and patterns
The purpose of this model is to investigate tipping points in fashion supply chains. The fashion market is currently dominated by cheap items, produced with low-cost labor and synthetic materials. Such markets are complex dynamical systems that can often be characterized by a state space containing one or more basins of attraction. These attractors are small portions of state space to which the system converges from a large set of initial conditions. In fashion markets, the presence of large volume, low-price fashion items, with some niches of lower volume, high price items (representing items with more durable, more sustainable and/or more exclusive qualities) can be understood as one attractor of the total system. It is an open question whether other attractors (representing situations with a higher proportion of items with higher durability and/or sustainability) exist and what perturbations to this system would promote transitions (positive tipping points) to these attractors. The aim of this model is to investigate the dynamics of the fashion market and the opportunities for crises to act as positive tipping points.
Entities, state variables and scales
Spatial units 
Space does not have an explicit function in the model and is only used for visualization purposes. 
Agents
There are three distinct types of agents within the model: Consumers, Products and Producers. 
1. [bookmark: _Ref105753054]Products are characterized by the presence or absence of three characteristics: Durability (D), Sustainability (S) and High brand value (H) as indicated by the variable characteristic-set which is a 3-dimensional binary vector. For instance characteristic-set = {1, 0, 1} indicates a product with Durability and High-brand value, but no Sustainability. The world is populated by the 8 products that represent the 8 unique combinations of characteristics that are possible. 
2. Producers produce one of the 8 possible products and aim to maximize profits by setting the volume of production and selling price at each iteration. 
3. Consumers have a set preference for product characteristics indicated by the variable preference-ordering which is a sequence that indicates which place in the ordering each characteristic takes. For instance, a preference-ordering of {1, 0, 2} (starting from 0 to confirm to Netlogo standards) means that Sustainability is preferred most, then Durability and last High-brand value. Consumers form networks that mediate social diffusion of their preference-ordering. Consumers also have a (fixed) budget that gets refreshed at each time step. This budget is drawn at initialization from a Gamma distribution with fixed mean and variance.
Collectives
Consumers form cliques (3 in current simulations), which are realized by initializing consumers as members of one of three possible cliques and by setting the probability of within-clique connectivity (randomly initialized) as higher than the probability of between-clique probability.
Multiple producers could potentially produce the same products. However, in the interest of simplicity we have kept the number of producers per unique product to One.
Environment
The observer and sets global variables such as the mean and variance of the budget distribution of the Consumers, the number of cliques and the probability of connectivity within/between cliques.
Attributes
	Name
	Desciption
	Static/Dynamic
	Type
	Unit
	Range

	budget
	Budget available for buying clothing items at each time step
	Static
	floating-point
	
USD
	[0-Inf]

	preference-ordering
	Vector of preferences for the D, S, H product characteristics
	Dynamic
	binary
	
	{0, 1}

	preference-changed
	Boolean to indicate whether the preference-ordering of an agent has changed at least once
	Dynamic
	boolean
	
	{True, False}

	product-id
	Product-id (corresponding to a characteristics-set via look-up table) of last product bought
	Dynamic
	integer
	
	[0-7]

	clique-id
	Indicator of the clique a consumer is a member of
	Static
	Integer
	
	[0-2]


[bookmark: _Ref105752439]Table 1 Agent Attributes for Consumers
Table 1, Table 2 and Table 3 show the agent attributes for the Consumer, Product and Producer agent types. 
	Name
	Desciption
	Static/Dynamic
	Type
	Unit
	Range

	product-id
	Identifier corresponding to characteristic-set via lookup table
	Static
	integer
	
	[0-7]

	price-production
	price of production
	Static
	floating-point number
	USD
	[0-Inf]

	characteristic-set
	Vector indicating the D, S and H properties of the product
	Static
	binary
	
	{0, 0, 0} – {1, 1, 1}

	[bookmark: _Ref105752445]number-sell
	number of products sold at each time step
	Dynamic
	Integer
	
	[0-Inf]


Table 2 Agent Attributes for Products






	
	Desciption
	Static/Dynamic
	Type
	Unit
	Range

	product-id
	Identifier corresponding to characteristic-set via lookup table
	Static
	integer
	
	[0-7]

	characteristic-set
	Vector indicating the D, S and H properties of the product
	Static
	binary
	
	{0, 0, 0} – {1, 1, 1}

	price-production-max
	maximum price of production
	Dynamic
	floating-point number
	USD
	[0-Inf]

	price-production
	current price of production (depending on volume produced)
	Dynamic
	floating-point number
	USD
	[0-Inf]

	price-sell-min
	minimum selling price
	Dynamic
	floating-point number
	USD
	[0-Inf]

	price-sell-max
	maximum selling price
	Dynamic
	floating-point number
	USD
	[0-Inf]

	price-sell-current
	current selling price (of this time step)
	Dynamic
	floating-point number
	USD
	[0-Inf]

	price-sell-history
	vector of previous sell prices
	Dynamic
	floating-point number
	USD
	[0-Inf]

	volume-production-min
	minimum production volume
	Dynamic
	integer
	
	[0-Inf]

	volume-production-max
	maximum production volume
	Dynamic
	integer
	
	[0-Inf]

	volume-production-current
	current production volume
	Dynamic
	integer
	
	[0-Inf]

	volume-production-history
	history of production volume
	Dynamic
	integer
	
	[0-Inf]

	profit-current
	current profit
	Dynamic
	floating-point number
	
	[0-Inf]

	profit-history
	history of profits
	Dynamic
	floating-point number
	
	[0-Inf]



[bookmark: _Ref122518837]Table 3 Agent Attributes for Producers
Scales
Each time step within the model represents roughly a month. Each month, all consumers are required to buy one clothing item, in accordance with their preferences and their budget. 
[bookmark: _Ref106967251]Process overview and scheduling
At each time step, the agents execute the following processes:
1. If a sustainability campaign is run during the time step, a percentage of the Consumers change their preference-ordering to one in which S takes precedence over the other two characteristics.
2. Producers decide on the volume and prices at which to sell (Produce Procedure)
3. Consumers visit producers to buy an item that best fits their preference-ordering and budget (Buy procedure).
4. The profits are calculated for each producer (Calculate-profit procedure)
5. The Producer variables are updated (profit, current sell price and current production volume are added to their corresponding history variables)
6. Each Consumer engages in the exchange-preferences procedure
[bookmark: _Ref122531614]Produce Procedure
Each Producer looks back at their 12-month history of profits, volume produced and selling prices. The price and volume at which the highest profit was realized will be used as the setting point to choose a new volume produced and selling price.

In the case of volume produced a new volume produced will be chosen by drawing from a random sample of a normal distribution with as mean the volume produced with highest past volume and as variance a fixed value. The new volume produced is bounded by a minimum and a maximum volume produced that is set beforehand, assuming that a factory cannot run with no production and also cannot produce an unlimited number of items.

Creating a new selling price is more complicated. First, there is a production price that is created by combining two principles:
1. The maximum production price is given by a base price and add-ons for each characteristic that is present: , where pproduciton,max is the maximum production price,  is the base price,  is the indicator if the D, S, H characteristics are present and  is the add-on price for the D, S, H characteristics.
2. The actual production price takes the maximum production as a starting point but incorporates the fact that the marginal production costs will go down as the production volume increases. In our model, we assume a linear function bounded by the minimum and maximum production volume. Specifically: , where  is the production price,  is the production volume,  is the minimum production volume,  is the maximum production volume and  is the price-Volume elasticity.

We assume that the eventual minimum sell price for the Consumer is given by the production price and a markup that is non-negotiable:  where  is the minimum sell price and  is the sales markup. 

The maximum sell price is given by the minimum price of the products with one more characteristic than the one currently produced
The eventual selling price is drawn from a normal distribution with as mean previous  with the highest margin and a fixed variance. The selling price is bounded from above and below by and   respectively.
[bookmark: _Ref122532206]Buy procedure
The Products form a hierarchy which is determined by the number of characteristics each contains: there is one Product with 3 characteristics ({1, 1, 1}), 3 Products with 2 characteristics ({1, 1, 0}, {1, 0, 1} and {0, 1, 1}), 3 Products with 1 characteristic ({1, 0, 0}, {0, 1, 0} and {0, 0, 1}) and 1 Product with no characteristics ({0, 0, 0}). The Producers follow this hierarchy. For each level in the hierarchy there is one Product that corresponds best to a given preference-ordering of a Consumer: thus, the preference-ordering {1, 0, 2} corresponds best with the characteristic-sets {0, 0, 0} (trivially), {0, 1, 0}, {1, 1, 0} and {1, 1, 1} (again trivially).
During the Buy procedure, each Consumer (in random order) visits the Producers at each level of the Product hierarchy with the best-matching characteristics-set, starting with the highest level (3 characteristics present, {1, 1, 1}). It then buys from that Producer iff its budget is at least as high as  and the Producer still has a Product in stock. If this condition is fulfilled, the procedure is stopped and the Producer’s stock is reduced by one. If not, the Consumer moves to the best-matching Producer one level lower in the Product hierarchy and repeats the procedure until a product is bought or the levels are exhausted.
[bookmark: _Ref122532385]Calculate-profit procedure
Profits for each Producer are calculated as follows

Where  is the volume sold at a particular time step for a particular product.
Exchange-preferences procedure
At each time step, each Consumer visits one of its nearest neighbors and adopts the neighbor’s preference-ordering with probability pexchange
Initialization and Input Data
The number of Consumers (1000) represent a good compromise between correctly sampling the budget distribution (and its implications for the affordability for different products) and computational performance. The budget distribution (gamma distribution with mean 180 and standard deviation 25) is selected to cover the different product categories well, without undue overrepresentation of one particular level. Again, the base price of Products was chosen to match the budget distribution. The markup factor for price (the factor with which the production price is multiplied to get the sell price, 4 in our simulations) was chosen after a limited review of the existing literature. The standard deviations of the normal distributions that were used to draw new sell prices and production volumes, were tuned for speed of convergence and a reasonable search behaviour. Sensitivity analyses on these parameters (as on the parameters determining network setup, i.e. probability of connectivity between Consumers within and between cliques) should further investigate the sensitivity of these parameter settings.

Preliminary results
[image: ]
[bookmark: _Ref122533247]Figure 1 Simulation results from a run with no social diffusion, price-volume elasticity and no sustainability campaign
Figure 1 shows the results of a single run, with no social diffusion, no price-volume elasticity and no sustainability campaign and acts as sanity check. We observe stable volumes of products sold in all levels of the Product hierarchy, but with a significant stochastic component. Prices are relatively tightly bound by their minimum and maximum values. Profits show significant variations, which are predominantly determined by the variations in products sold. These variations are caused by price and volume fluctuations from corresponding products ({1, 0, 0} has {1, 1, 0} and {1, 0, 1} as corresponding Products one level higher in the Product hierarchy): price fluctuations make Products less/more affordable to Consumers, while Volume fluctuations determine whether Consumers will be able to buy the Product even if it is affordable. These effects cause migrations up and down the Product hierarchy by Consumers.
[image: ]
[bookmark: _Ref122533661]Figure 2 Simulation results from a run with Diffusion (p_exchange=5%), but no price-volume elasticity and no sustainability campaign
Figure 2 shows the results of a single run, with limited social diffusion, but no price-volume elasticity and no sustainability campaign. Here, we observe that after sufficient time, Products with certain characteristic-sets will start to dominate within their level of the Product hierarchy. Different runs with different initializations show that this dominance is random. However, the total volume of products sold remains stable within each level of the Product hierarchy remains stable.
[image: ]
[bookmark: _Ref122533870]Figure 3 Simulation results from a run with Diffusion (p_exchange=5%), price-volume elasticity and no sustainability campaign
Figure 3 shows the results of a run with Diffusion (p_exchange=5%), and non-zero price-volume elasticity but no sustainability campaign. Two effects stand out: 
1. There is a marked decrease in the number of customers to whom no products are sold, because a drop in price (enabled by an increase in volume) in the {0, 0, 0} category.
2. The 3 characteristics level has overtaken the 2 characteristics level in the volume of products sold. This is probably due to the fact that customers from all 3 categories within the 2-characteristics level can ultimately buy the {1, 1, 1} Product, which leads to significant transfer of Customers from the 2-characteristics level to the 3-characteristics level given the increase in volume and price that is caused.
Figure 4 shows the results of a simulation run with a Sustainability Campaign, which converts 20% of the Consumers in which Sustainability does not have the highest preference to preference-orderings which do have Sustainability as the highest preference ({1, 0, 2} and {2, 0, 1}, divided equally). Here, no Social Diffusion takes place or price-volume elasticity. Thus the effects can clearly be seen in the share of Sustainable products sold in the three cliques, but do not extend further.
[image: ]
[bookmark: _Ref122596052]Figure 4 Simulations results from a run with a Sustainability Campaign (after 200 ticks, 20% conversion during the 201st time step), but no Diffusion and no price-volume elasticity
Figure 5 shows the results of the same simulation as Figure 4, but now with Diffusion. Here, we do observe an increase of the consumption of Sustainable Products, however, the increase is not substantial when compared to the results with Diffusion, but with no Sustainability campaign (see Figure 2). Moreover, the share of Sustainable consumption in clique 0 shows an initial increase, followed by a prolonged decrease. We can therefore conclude that the current simulation model for social diffusion does not lead to equilibrium outcomes. Further investigations should investigate whether this mimics existing data sufficicently.
[image: ]
[bookmark: _Ref122599882]Figure 5 Simulation results from a run with a Sustainability Campaign (after 200 ticks, 20% conversion during the 201st time step), with Diffusion but no price-volume elasticity


[image: ]
[bookmark: _Ref122611328]Figure 6 Simulation results from a run with a Sustainability Campaign (after 200 ticks, 20% conversion during the 201st time step), with Diffusion and price-volume elasticity
Finally, Figure 6 shows the results of a simulation with a Sustainability Campaign, Diffusion and price-volume elasticity. Again, there is a marked increase of sustainable consumption, but the extent to which this represents an equilibrium state is unclear at this stage and should be further investigated.
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Innovation Innovation readiness Description

readiness level
score
0 Idea Genesis of the innovation. Formulating an idea that an innovation can meet specific goal.
Hypothesis Conceptual validation of the idea that an innovation can meet specific goals and development of a hypothesis
about the initial idea.
2 Basic Model Researching the hypothesis that the innovation can meet specific goals using existing basic science evidence.
(unproven)
3 Basic Model (proven) Validation of principles that the innovation can meet specific goals using existing basic science evidence.
4 Application Model Researching the capacity of the innovation to meet specific goals using existing applied-science-evidence.
(unproven)
5 Application Model Validation of the capacity of the innovation to meet specific goals using existing applied science evidence.
(proven)
6 Application Testing of the capacity of the innovation to meet specific goals within a controlled environment that reflects
(unproven) the specific spatial-temporal context in which the innovation is to contribute to achieving impact.
7 Application (proven)  Validation of the capacity of the innovation to meet specific goals within a controlled environment that
reflects the specific spatial-temporal context in which the innovation is to contribute to achieving impact.
8 Incubation Testing the capacity of the innovation to meet specific goals or impact in natural/real/uncontrolled conditions
in the specific spatial-temporal context in which the innovation is to contribute to achieving impact with
support from an R&D.
9 Ready Validation of the capacity of the innovation to meet specific goals or impact in natural/real/uncontrolled

conditions in the specific spatial-temporal context in which the innovation is to contribute to achieving
impact without support from an R&D.
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