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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. A short accessible document 
Innovative idea and objective
We studied the case of pineapple residues as potential feedstock for new carbon-based materials. Pineapple crop residues are an environmental burden and their disposal an important cost for the pineapple industry. Residues left in the field attract the blood-sucking stable fly, which feeds and multiplies on the residues. Nearby cattle may be infected by the flies which affect their (milk) production. Current crop residue management is based on using combinations of herbicides, pesticides, burning, shredding, and even potholing is sometimes used. 
The use of pineapple residues as feedstock for biomaterials could create potentially a win-win situation: The pineapple industry can add value to crop residues whose management is costly and environmental unfriendly. At the same time, the residues are a potentially valuable feedstock for various biomaterials contributing to the bioeconomy. Using the pineapple case from Costa Rica, the objectives of the study were to: 
· Identify pineapple residue components and application options with focus on textiles.
· Illustrate a cascade of application options for pineapple residues with the focus on total use.  
· Understand the agronomic, technical, economic, social-institutional bottlenecks hampering the transition towards a biomaterial transition in the case of Costa Rica. 
Relevance to the materials transition in textiles and/or building materials?
Pineapple crop residues contain many components that have a potential application in the bioeconomy. This study focused on the pineapple leaf fibers (PALF) as potential feedstock to be used in the textile industry. Yet, we also addressed the use of PALF for other biomaterials and we identified other residual components because only 10-20% of the dry matter of the pineapple leaves consists of PALF. The remaining residual biomass has to find an application (in the bioeconomy) for the economic viability and optimizing the sustainable use of PALF in the textile industry. 

What did you do?
We described the context of current pineapple production and residue management in Costa Rica. We estimated the annual amount of residual pineapple biomass available for biobased applications. We made a systematic inventory of potential pineapple residue applications allowing to cascade different options and optimizing the use of PALF. Based on a desk study, the fiber characteristics of PALF have been characterized and we quantified the potential amounts of PALF and biogas that can be produced annually in Costa Rica based on the residues that are currently disposed. We further identified a number of bottlenecks that constrain the development of valorization of pineapple residues in Costa Rica. 

Main result, achievement and highlight
We identify five major valorization areas in which pineapple residues can be applied: i) Fibers for paper, insulation material, and textile; ii) Chemical compounds that can be extracted such as bromelain; iii) Animal feed for ruminants; iv) Substrate for producing gum, mushrooms, etc.; And v) Energy (bioethanol or biogas). We estimated that annually 620,000 t dry matter of pineapple residues in Costa Rica is available for valorization applications, which would allow to produce between 45,800 and 91,600 t of PALF annually, depending on the ranges of fiber contents of pineapple leaves found in the literature. At the same time, the crop residues would be able to generate an amount of biogas equivalent to 23 million kg LPG. 
These valorization options are promising as they allow scalable and cascading of solutions for the various valorization areas identified. A number of bottlenecks have been identified that hinder their further development: i) The true costs of current pineapple crop residue management are largely unknown but if known could speed up transformation processes; ii) Lack of disciplinary knowledge relevant for developing specific valorization options; iii) The lack of sound business models allowing investors to step in; And iv) the lack of an enabling environment that stimulates the development of valorization options, for example, energy production from pineapple residues. 

Key message
Biobased applications of pineapple residues have a great potential to create win-win solutions by improving the environmental footprint of pineapple production and providing large amounts of biomass including fibers for material transformation to phase out fossil fuels. 

Visual abstract
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From left to right : From pineapple production, pineapple stubble to the extraction of fibers from pineapple leaves.
Figure 1: this is a caption



2. Questions about ‘readiness’ and possible follow-up
Where you started
A scoping mission to Costa Rica took place in 2018 to explore the magnitude of the problem, understand the local context, and identify first valorization options.
Where are you now
We have better understanding of the amount of pineapple residual biomass, including PALF and bioenergy that can be produced. We have developed a systematic overview of the valorization options that are not mutually exclusive and can reinforce each other in the application of pineapple residues in a biobased economy. We also have identified bottlenecks related to the underestimation of the true costs of current residue management, disciplinary knowledge gaps, lacking business models and the enabling environment that hamper the development of (energy) valorization options. 
Potential and next steps
Currently, pineapple residues are a problem for the pineapple sector, while their amount and continuous supply throughout the year offer great potentials in the biobased economy creating yet unrealized win-win solutions, for both the pineapple sector and society. Proposed next steps:
· Development of knowledge and technologies to move from innovation readiness levels (IRL) 3/4 to 6: Mechanizing residue harvesting and PALF extraction, and further processing steps to spinning (for textiles).
· Model development to assess and quantify the effects of cascading the use of pineapple residues to use them sustainably and efficiently.
· A public-private partnership to develop a joint strategy (roadmap) towards the valorization of pineapple residues. Such a strategy is needed to mobilize private and other funding agencies for large-scale investments in harvesting and processing equipment needed for valorizing residues, and in distribution and marketing of biobased materials.
Innovation readiness
In Costa Rica the extraction and processing of fibers is in IRL 3. In Asia, the readiness level varies between IRL 7 and 9. The fiber extraction and processing methods used in Asia are very labor-intensive and because of the much higher labor wages in Costa Rica less-labor demanding methods need to be developed requiring high investments in machinery.
3. Learning Journey 

1. Did your Wildcard project involve new collaboration with disciplines or people? If so, briefly explain what was new.
We learned to work together with agrosystems analysts, material specialists and environmental economics. Because of the late start of student work, we were not able to fully appreciate and benefit from the cooperation with Environmental economics. 

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.
It helped to structure thinking that resulted in a more systematic analyses and classification of valorization options, and in a better systematization of the bottlenecks that hinder the further development of valorization options in Costa Rica. Such bottlenecks are often multi-headed monsters and collaboration with different disciplines helped to identify and group the various constraints better.

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 community days were useful for exchanging information about the on-going projects and learning about the program aims and plans. However, only in the project real interaction among disciplines/researchers has taken place. Community days are too broad and cover too many topics to have in-depth discussions that alter thinking about the own topic. 

4. Did you meet any challenges during implementation of your wildcard project? If so, what kind of challenges where these?
Cooperation with WU was challenging as WU staff had limited time. The idea to involve MSc students was readily accepted but it took time before students were identified and could do field work in Costa Rica. Because the field work could only start after summer holidays, the thesis work was not finished before the end of December. 

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.
See above, WR staff contributed much to the guidance and supervision of the students. 

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 contacted the Inter-American Development Bank (IADB) to discuss the project as it is also working on bioeconomy topics. Recently, IADB has contacted WUR again on cooperation in the field of bioprospecting and early startups in Wageningen. 

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
i) a report describing the results of the methodological innovation;
ii) an easy-accessible and concise document describing the methodological innovation project; 
iii) a presentation for the community meeting of the investment theme; 
iv) presentation/poster/abstract for an international conference related to the bioeconomy.
Status of each project specific deliverable
Please report the status of each deliverable.
i) 95% ready, draft attached to the email. We like to include results from the students (deliverable V) and hope to finish the report in the first semester of 2023.
ii) This report.
iii) Two posters for the community meeting.
iv) Expected somewhere next year when there is a good opportunity to present the results.
v) two additional outputs, i.e., two student MSc theses are planned to be available at the end of January.
Links to or copies of deliverables
Please provide links to or copies of deliverables below. You may insert them as Annexes in this document.
See email with the deliverables
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