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AIMS

e Explain the importance of non-wood forest products (NWFPs) for the bioeconomy
e Introduce the concept of transition pathways based on innovation processes

e Derive lessons for innovation in NWFPs value chains



The role of NWFPs

in the bioeconomy
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FORESTS BEYOND WOOD

 Thousands of plant and fungi species are used for food,
medicine, energy, construction, cosmetics, decoration,
spirituality, and cultural practices.

l.
\ I,

0
(O

« NWFPs: Renewable environmental products, primarily forest
fungi and plants, whose non-wood parts, such as roots,
rhizomes, bark, leaves, fruit and others, are harvested for
human use, including both wild and cultivated species.

 Up to 5.8 billion people worldwide use NWFPs and producer
income is estimated at USD 88 billion per year globally.

Shackleton & De Vos 2022, Lovri¢ et al. 2020, Smith-Hall & Chamberlain 2023 ‘ 4
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NON-WOOD FOREST PRODUCTS WITHIN THE BIOECONOMY
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e Forest-based bioeconomy: the set of economic activities to
grow, harvest, process, reuse, recycle, and sell forest
products and associated forest ecosystem services

e NWEFPs contribute to subsistence, income generation,
livelihood support, green jobs, and major industries (e.qg.,
health care, pharmaceuticals, cosmetics)

e NWFPs remain peripheral to policies, forest management,
development plans, and bioeconomy strategies.

e Countries with biodiversity-rich ecosystems often look at
biodiversity as a comparative advantage for bioeconomic
transformation

Piplani and Smith-Hall 2021, Vargas-Carpintero et al. 2026, Diirr et al. 2026



NON-WOOD FOREST PRODUCTS TRANSITION PATHWAYS

e Transition pathway: coordinated sets of actions
enabling a shift towards a forest-based bioeconomy

e There is no standard transition pathway

e Three identified pathways:

e Support sustainable production and sourcing of NWFPs
e Innovation for upgrading and industry development
e Meeting consumer demand

e Innovation is transversal to the transition pathways
towards forest-based, knowledge-based
bioeconomies

Vargas-Carpintero et al. 2026, Chamberlain & Smith-Hall 2023
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https://www.iufro.org/media/fileadmin/publications/

policy-briefs/scipol-coli26-policy-brief-extended.pdf
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Innovation in

NWFPs value chains




VALUE CHAINS AND WEBS AS OPERATIONAL FRAMEWORK FOR NWFPS

Ecosystem services

Biomass

production

Sugar crops
Starch crops
Lignocellulosic biomass
Oil crops

Aquatic biomass (e.g. algae and
seaweed)

Protein-rich crops

Animal biomass (e.g. livestock,
insects, aquaculture)

Microbial biomass

Other complex biomolecules
(e.g. rubber)

Biogenic waste (e.g. Residual
oils and fats, animal by-
products, crop residues, agro-
industry by-products)

Processing

Physical-mechanical processes
(e.g. filtration, destillation,
milling)

Chemical processes (e.g.
hydrolysis, hydrogenation,
oxidation, esterification)

Thermochemical processes (e.g.

gasification, pyrolysis,
hydrothermal liquefaction)

Biotechnological processes (e.g.

Fermentation, anaerobic
digestion)

Integration of processes (e.g.
Biorefinery)

Food and feed
Fibres
Textiles
Pharmaceuticals
Cosmetics
Platform and fine chemicals
Paper and cellulose
Polymers and resins
Construction materials

Composites, lubricants,
surfactants, elastomers

Bioenergy and biofuels

Fertilisers

Enabling environment, supporting services, institutions and value chain actors

Vargas-Carpintero & Schlecht 2026



DIFFERENT TYPES OF INNOVATION IN NWFPS VALUE CHAINS

Innovation type Key examples

New products, uses and services; e.g.
1. Product medicinal products, cork applications,
myco-/truffle tourism

Improved production and harvesting;

2. Process .
agroforestry; silvopastoral systems

Producer integration, vertical integration,

3. Organizational shared brands, traceability

Packaging, design, advertising, labelling,

4. Marketi ificati
arketng sales, certification

Regulation, collection licences, fiscal

5. Policy o
measures, legal recognition
Certification schemes, lobbying

6. Institutional organizations, new governance
arrangements

7 Social Revival of traditional uses, local support

networks, social enterprises

Lovric et al. 2023, Weiss & Rametsteiner 2005



THE CASE OF THE ACROCOMIA PALM

- Acrocomia is a genus of the Ny
family Arecaceae — palms spp.,
native to the neotropics

{crocomia corumbaensis

- Acrocomia palms grow from

semi-arid, sub-humid to humid
climates

icrocomia aculeata

Cardoso et al. 2017; Ciconini et al. 2013; Crocomo and Melo 1996; Markley

1956; Evaristo et al. 2016; Vargas-Carpintero et al. 2021; 2022; De Lima et
al. 2018; Vianna et al. 2017, Colombo 2018
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Source: De Lima et al. 2018
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THE ACROCOMIA PALM

« The oil-bearing fruits are the
most valuable part in economic
terms: 2.5—5 t oils/ha

- Paraguay and Brazil lead the
implementation and
development of acrocomia value
chains (A. fotal in Paraguay, A.
aculeata in Brazil)

Cardoso et al. 2017; Ciconini et al. 2013; Crocomo and Melo 1996; Markley
1956; Evaristo et al. 2016; Vargas-Carpintero et al. 2021; 2022; De Lima et
al. 2018; Vianna et al. 2017, Colombo 2018

Source: Vargas-Carpintero et al. 2021
https://doi.org/10.1007/s13593-021-00729-5
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KNOWLEDGE BASE

« Multi-purpose feature:Value
web approach

- Focus on processing and
products (mainly biodiesel)
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R&D FROM BOTANY TO CULTIVATION

° Semi-dOmeSticated 0 Furnedszr:rir;‘tal T+ Genus/species
Geneticresources
status of A. aculeata g ‘ + Wi germplasmcolecton

¢ Phenotypic and genotypic characterization

- * Reproductive biology
AHLER Pre-breeding
research

¢ Fruit development

- Commercial
cultivation starting in

* Estimation of genetic parameters for selection

Breeding, »  Working collection
. germination &
BIaZII propagation * Crossing, progeny testing

State of the art

o A. aculeata -----------------

Development

¢ Germination and propagation

¢ Multi-location pre-commercial trialling

¢ Cultivar development and planting material
~ZZ=="=~ Semi-domesticated

= Crop management &|| « Seedlings establishment
A. aculeatain practice

cultivation systems

T o™

Pilots

Ex-ante analysis
(agronomy, value web sustainability)

Commercial deployment

Upscaling

Source: Vargas-Carpintero et al. 2021 L



R&D FROM CULTIVATION TO MARKETS

Funding Multi-actor
source collaboration

Research,
education & training
organizations
*3 Local
Government community
(regional,
) nanon_al, Private sector,
international  agriculture &
level) industry

Research,
education & training
organizations
Farmers, local
o community,
Government e NGOs
(regional,
national, Multilateral
development
agencies & funds
Private sector,
agriculture &
industry

international
level)

Public partnerships

Research,
education & training
Government Organizations
(regional, o\e Multilateral
national, bt development

international agencies &
level) funds
Private sector,
Farmers, local  agriculture &
community, industry, input &

NGOs, service providers,
consumers farmer associations

Private

Fundamental
research

Applied
research

State of the art of

biomass development
N

fe
t‘x y

(*) State of the art of value web  pevelopment
development of A. aculeata

(**YVvalue web development in practice:
Semi-domesticated A. aculeata

e
= i
g Pilots

Commercial deployment

Upscaling

@
°§\I. Inter- and transdisciplinarity, integration of fundamental and applied research

(1) Biomass development

(i) Value web development

Genetic resources

Pre-breeding

Breeding,
germination &
propagation

Crop management &
cultivation systems

Value web design

Ex-ante system
analysis

Value web
governance

Source: Vargas-Carpintero et al. 2022
https://doi.org/10.3390/land11101748

System’s sustainability (biosphere, techno-sphere,

Genus/species
Wild germplasm collection
Phenotypic and genotypic characterization

Plant-soil-microbiome interactions, environmental conditions and plant
growth performance (GXExM)

Reproductive biology

Fruit development

Estimation of genetic parameters for selection
Working collection

Crossing, progeny testing

Germination and propagation

Multi-location pre-commercial trialling
Cultivar development and planting material

Seedlings establishment

Identification of suitable growing areas (*)

Design of context-specific sustainable crop management considering GXExM

Seedling production (*) (**)

Cropping system design and evaluation (¥) (**)

Pilots of acrocomia cultivation systems and initial plantations (**)
Definition of biomass uses ()

Development of biomass uses (biomass-to-product(s) pathways) (*)

Development of harvest, post-harvest, pre-processing, integrated processing

technologies (biorefinery) (*)

Product and market development (*)

Value web conceptual design, sustainability assessment and strategies
Development and assessment of value web pilots

Linking value web actors, design of value web governance (e.g. growing

schemes, smallholder farmer inclusion) and sustainable business models (**)

Deployment of value web processes and assessment
Up-scaling value web concept continuous monitoring for optimizing
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FROM THE SEED TO HIGH ADDED VALUE PRODUCTS

ﬁfﬁg Goal: To develop a biorefinery concept for high value refined oils, proteins and dietary fibers from

macauba fruits, while addressing major gaps for the development of a sustainable value web
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SYSTEMS AND COLLABORATIVE APPROACH TO INNOVATION AS
KEY FACTOR ) jiewebactorsandgoverng,
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MULTI-ACTOR DIALOGUE

Feedback from industry ‘

custai nability

i Life-cycle assessment and 1 *—]
| ex-ante analysis & modelling | Produclion costs

avanced applicatio,
Blorefinery concept
LUpscaling of integrated processing technologies Product portfolio |
~ Qualy & quantity | [ TongsheliTie ]
smarvest and pyj

Research organizations |

Product prices

Isolated research
groups and areas

By-products use

Industry and business associations

Profitability

Flexible and sustainable business

I o R )
Optimal harvesting | Research on various | [“Vields ] Variability 4]
Acrocomia spp. reeding [W"

Tfiuence of —_Taxonomy | | targets

environmental factor: : qual
Crop management __planting material |
| _Research coordination and collaboration . - Nature-based solutions | Biomass
_zoning —["" Plantation initiatives | | supply

Inter- and transdisciplinary research Integrated agricultural production systems

Crop adoption

Associativity and collective action

Sustainable and
organic practices

| Restrictions of ‘
bpetarbio

| 9

Inclusiveness and higher participation in value chains
Climate and natural resource
protection policies

Social acceptance
of acrocomia

I Agricultural extension services

Linkages to industry clusters (food,

s [ Fractionation and refining Sy
AQ,‘b technologies and facilities ,O/~O models
Systems approach ﬁ a:‘%rfggeisc'ﬂ mo"i Oil mills O@\S:p | Oils composition and quality
i - adadd— 0.
[ Harvesting technologies | \an tan EE/ Oom as ?Q feed, oleochemicals, cosmetics,

pharma, materials, bioenergy)

Certification

bodi
€8 Support of local and

regional institutions

Research programs

Novel food
restrictions
B

Lobbying

National and international
sustainability standards

roj i 2 - 3
ot pla{“:_;“} Rural development | Agricultural/bioeconomy programs & strategies
smandan materai programs
consumer :
acceptance Bloe_n oray
P policies

Consumer
awareness

https://bioeconomy-science-hub.uni-hohenheim.de/acrocomia

Source: Vargas-Carpintero et al. 2022

https://doi.org/10.3390/land11101748 | Civil society & farmers

Sustainable production/
consumption policies

Demand/need

Enabler
approaches

Bottlenecks
’ Government


https://doi.org/10.3390/land11101748
https://bioeconomy-science-hub.uni-hohenheim.de/acrocomia
https://bioeconomy-science-hub.uni-hohenheim.de/acrocomia
https://bioeconomy-science-hub.uni-hohenheim.de/acrocomia
https://bioeconomy-science-hub.uni-hohenheim.de/acrocomia
https://bioeconomy-science-hub.uni-hohenheim.de/acrocomia
https://bioeconomy-science-hub.uni-hohenheim.de/acrocomia
https://bioeconomy-science-hub.uni-hohenheim.de/acrocomia
https://bioeconomy-science-hub.uni-hohenheim.de/acrocomia

PARTICIPATORY PROCESSES AND SOLUTION-ORIENTED RESEARCH
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Wild Biodiversity Agrobiodiversity

- Mauritia flexuosa, Buruti™ - Novel perennial crops in early-stage of
- Euterpe precatoria, ,wild Agal™ domestication:

- Bartris gasipaes, chontaduro, peach palm® - Euterpe oleracea, ,Acai”

- Bartris guineensis, ,corozo” - Caryodendron orinocense, ,Cacay”

- Oenocarpus bataua, seje” - Vaccinium meridionale, Agraz*

- Aftalea maripa, ,maripa palm”

- Brosimum alicasfrum, Guaimaro”
- Ceratonia siligua, Algarroba” - Plukenetia volubilis,  Sacha inchi®

- Poragueiba sericea, Mmari® - Established perennial crops, introduced and

N exu s N Etwo rk : gg;?;iu;g:;mirggs;im” - ;:::::oma cacao, ,Cocoa”

o & - Asfrocaryum cuatrecasanum, ,Chuchana” - Cocos nucifera, , coconut™
Nature x Value Wzabs x Territories i

- Myrciania dubia, ,Camu camu®™
- Theobroma grandiflorum, , Copoazu™

e

Intermediate products

Fresh fruit Pulp Qils Palm heart

SUMMARY

WORKSHOP NEXUS

Biodiversity-based value webs and territorial bioeconomy
systems in Colombia: practice and research perspectives

Final products

: Food Materi
aterials  Feed Plant .
VIATH THE SUERORTOF (Fresh and preserved fruit, Palm heart, Frozen pulp i - . Adgricultural
flour, Juice pulp, lyophilized powder, Beverages, lce Coz;noﬁstlcs e'g"'ftz’:i'lng and propagatlon I:?ioinputs
Emboindede cream, Cookies, cakes, Jams, Fermented and dned Har‘ldicrafris Si Iage mﬂten—ﬂl

Colombia en Alemania seeds, Spicy sauce, Butter, Proteins)

https://en.rednexus.co 20
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TOWARDS INNOVATION SYSTEMS

e Ensuring sustainable production and sourcing,
innovating for upgrading and industry development,
and meeting demand for sustainable products are
complementary pathways

e NWFPs are not the focus of any innovation systems,
and forest policies rarely support them

e Integrated implementation of the transition pathways

and actions requires resources, investments, and
political commitment.

Vargas-Carpintero et al. 2026; , Lovri¢ et al. 2023, Chamberlain & Smith-Hall 2023




TAKE-HOME MESSAGES

NWFPs hold significant potential to contribute to the transition
towards a sustainable forest-based bioeconomy, creating added
value while incentivizing sustainable forest management and
conservation.

Innovation is essential for unlocking the potential of NWFPs and can
lead to a variety of transition pathways.

Multi-actor collaboration and a systems approach to innovation are
key factors in fostering innovation across NWFPs value chains.



JOINT CONFERENCE OF

JUFRO Division 5 ano SWST

May 30 - June 3, 2027

N Advancing non-timber forest products for

R U e Ve e R eI~ . ; sustainable forest-based bioeconomies

Science and Forest Producits for a : - , _ _ o
Circular Bioeconomy Pt Organiser: Ricardo Vargas-Carpintero, University of
@5 Hohenheim/Alexander von Humboldt Biological

¥ Resources Research Institute, Colombia

REGISTRATION OPEN Session co-organiser(s): Smith-Hall, Carsten

Early Bird registration deadline: .| BT s (University of Copenhagen)
January 25,2027 SR AR Gl \/argas-Carpintero, Ricardo (University of
=1 iy Hohenheim/Alexander von Humboldt Biological
@8 Resources Research Institute)
; § Chamberlain, James (Independent researcher)

CALL FOR ABSTRACTS

Submission cleadhne:

October 26, 2026

\Z
v
Estonian University U F\e O)/ )

of Life Sciences

®

SWST - International
Society of Wood
Science and Technology
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STAY TUNED!

Task Force T50

Building an Integrated Vision of the Forest-Based
Sector within a Bioeconomy

https://www.iufro.org/task-forces/t50-building-an-integrated-vision-of-the-forest-based-sector-within-a-bioeconomy

24
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FAO INNOVATION TYPOLOGY
e —

Technological Technology is the application of science and knowledge to develop techniques that deliver
products and services that enhance the sustainability of agrifood systems. Technologies
are innovative when they are introduced, adapted or used in new ways in a given context.

Social Social innovation is the development and adoption of new ideas (approaches, products,
services and models) to meet social needs and create new social relationships or
collaborations. It represents new responses to pressing social demands and existing
gender inequalities that affect the process of social interactions and is aimed at improving
human well-being and empowering women and the most vulnerable and marginalized
peoples. In this publication, social innovation is treated together with policy and
institutional innovations.

Policy Policy innovation comprises novel processes, tools and practices used for policy dialogue,
design and development that result in better enabling environments for addressing
complex issues. It involves the development or adaptation of legislation, policies and
strategies to address emerging challenges and societal needs or inefficiencies in existing
systems through integrated approaches and the inclusion of multiple actors. In this
publication, policy innovation is treated together with social and institutional innovations.

Institutional Institutional innovations are new rules, organizations and processes that guide collective
action and arise from it. They can involve changes in the operations, governance
structures, multistakeholder engagement, participatory decision-making processes and
cultural norms of formal and informal organizations and institutional arrangements. They
take place when people or organizations strategically mobilize others through network
relationships to repair or replace institutions. In this publication, institutional innovation is
treated together with social and policy innovations.

Financial Innovative finance helps generate additional development funds by tapping new funding
sources or engaging new partners, enhancing the efficiency of financial flows by reducing
delivery times or costs, and improving the outreach of finance to make financial flows
more results-oriented and beneficial for youth, women and vulnerable groups.

Lovric et al. 2023, Weiss & Rametsteiner 2005



TRANSITION PATHWAYS FOR NWFPS VALUE CHAINS

Table 4.1 Three NWFP transition pathways and prioritised actions across five intervention fields

Pathway — (A) Sustainable production and (B) Upgrading and industry (C) Meeting consumer
sourcing development demand

Intervention

field 1

From forest | Forest management plans for natural Local value addition at primary Institutional procurement

to markets populations, harvesting guidelines, stage (Coop/SME) | Infrastructure, | (school meals, hospitals)
inventories and monitoring (Gov/Res/Coop/ | quality labs, and food safety (Gov/ | (Gov) | Local and
SME) | Expansion of agroforestry and forest- | DFI) | R&D for new products (Res/ | intemnational market
farming (Gov/CSO/Coop/SME) | Cultivation | Gov/Priv) | Decrease of obstacles | development (Coop/
of priority species (Priv/Res/Gov) for businesses; remove market SME/ CSO/Gov) |

barriers (Gov) Capacity-building for
quality assurance (SME/
Coop/ Gov)

Innovation R&D on germplasm and cultivation (Res/ Product and process innovation Cerification/branding
Gov/Priv) | Bxtension senvices and technical | (low-tech & hi ) (Res/ (Priv/CSO) | Product
advice for smallholders (Res/Gov/Priv) | Priv/Gov) | Tech transfer hubs for | mainstream use (Priv/
Sustainable management and conservation | upscaling (Res/Priv/Gov) Gov) | Premium markets
practices (Govy/Res/SME/Coop) | for sustainable products
Organisational and managerial capacities of (Priv/Gov)
praducers (SME/Coop,/CS0)

Finance Global funds and working-capital facilities Innovation grants (Gov/DF1) | Risk- | Blended finance for
(DFI/Bank) | Minimum NWFP selling price | sharing and guarantees for SME market entry (Govy/Priv/
schemes (Gov,/Priv/Coop) | Blended (Gov/DF1) DFI) | Re-investment of
mechanismes for de-risking investments price premiums (Gov/
(Gov/Priv/DFI) Priv/CS0O)

Multi-actor Engagement of value chain stakeholders Industry forums (Gov/Priv/CS0/ | Codex engagement for

collaboration | (Coop/SME/CSO/Priv) | Strengthening SME/Res) | Capacity building for priority products (Gov/
of producer organisations (SME/Coop) | farmers, entrepreneurs, and SME | Res) | Science to advance
Famer inclusiveness (Gov/Res/Coop/SME) | (Gov/CSO/SME) innovations (Res/Gov/

Priv)

Policy to Secure tenure, adequate access, and Information access and National NWFP strategy

practice benefit sharing (Gov) | Public policies on ransparency (Gov/SME/ Priv) | (Gov) | Transparent price
sustainable NWFP harvesting and resource | Policies on traditional knowledge and performance (Gov/
management (Gov) | NWFP in national and access (Gov) | Enabling Priv/SME/Coop)
statistics for tailoring policies (Gov) business environment (Gov) |

Establishment of R&D programmes
1o leverage NWFP value chains and
sustainable use (Gov/Res/Priv)

Gov = government; Res = research; DFI = development finance institution; CS0 = civil sociely organisation; SME = smally

medium enterprise; Priv = large-scale businesses; Coop = Producer cooperative




PRIORITY ACTIONS FOR ADVANCING NWFPS INTEGRATION IN THE
BIOECONOMY

NWFP are key resources supporting the transition to a sustainable forest-based bioeconomy. Ensuring sustainable
production and sourcing, innovating for upgrading and industry development, and meeting demand for sustainable
products are complementary pathways that can overcome barriers such as informality, limited recognition, weak
stakeholder involvement, finanding, and weak market linkages.
- Develop spedes-spedific and context-dependent management plans and sustainable harvesting guidelines;

strengthen monitoring systems fo maintain ecological balance and prevent overexploitation.
« Support domestication and cultivation of priority NWFP; improve post-harvest processing and invest in
infrastructure for quality control, testing, and certification.
Promote local and regional market development through public-private investment while building producer
capacities to meet quality standards and add value locally.
- Remove barriers to businesses and trade while ensuring sustainable management.

Invest in R&D and innovation for forest farming and NWFP cultivation, processing, and produa development;
strengthen partnerships to accelerate technology adoption across the value chain.

Develop production models that integrate conservation with sustainable management and strengthen producer
organisations to enhance marketing, value addition, and bargaining power.

From forest to
markets

Develop certification, branding, and communication strategies that highlight the ecological and sodal benefiis of

NWEFE strengthening access to ethical and mainstream markets.

- Strengthen partnerships with development banks, global funds, and private emterprises, and promote blended
financing that leverages public, private, and NGO resources.

« Develop risk-sharing and finance models linked to price stabilisation and provide innovation grants to producer

organisations and SME to boost emtrepreneurship and value addition.

Reinvest gains into community development and resource management; promote fair-trade approaches that

empower local producers and sustain long-term social and environmental benefits.

Engage market stakeholders and create multi-actor platforms that promote coordination, transparency, and
sustainable sourcing among producers, firms, NGO, and governments.

Innovation

Finance

Support and build the capacity of producer organisations, smallholders, entrepreneurs, and SME to enhance
competitiveness, market access, and organisational strength.

Facilitate the inclusion of NWFP in international standards such as the Codex Alimentarius; establish global
networks to foster innovation and collaboration among early-career scientists.

= Ensure that legislation supports sustainable production, trade, and conservation while safeguarding traditional
knowledge through fair benefit-sharing and imellecual property mechanisms.

Engage local practitioners in policymaking to align regulations with customary practices and equitable access.

« Incorporate NWFP data into national statistics and enhance spedes- and produc-evel information on volumes
and values to inform evidence-based policy making, and resource and value chain management

Develop national strategies that foster business growth, market development, and equitable benefits, while
promoting transparency in pricng and sodial/environmental impacts across the value chain, and safeguarding NWFP
use for subsistence and livelinood.

collaboration

From policy to practice | Multi-actor
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