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Optimizing crop rotation

Bioeconomy

‘‘The bioeconomy encompasses the 
production of renewable biological 
resources and their conversion into food, 
feed, bio-based products and bioenergy. 
It includes agriculture, forestry, fisheries, 
food and pulp and paper production, as 
well as parts of chemical, biotechnological 
and energy industries. 
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Sustainable Development Goals

 Bioeconomy can contribute to Sustainable 
Development Goals

 Energy and land use:
– SDG 1 end hunger, food security

– SDG 7 affordable, reliable, sustainable and modern energy

– SDG 12 sustainable production and consumption

– SDG 15 sustainable use of terrestrial ecosystems, sustainably 
manage forests, combat desertification, halt and reverse land 
degradation and halt biodiversity loss
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Fritsche et al. (2017) GLO report UNCCD
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 Early implementation based on 
green growth policies

 Integration in food, circular and 
climate policies

 Multiple ministries involved

 Climate accord, stakeholder 
approach

 Research and innovation, sustainable 
feedstocks, circular bioeconomy

Bioeconomy policy in the Netherlands



Source: Langeveld (2015) Results of the JRC Scar survey. Biomass Research report 1501.



Optimizing crop rotation

Crops in rotation

 Cereals, root- and tuber crops, legumes, 
feed crops, vegetables

 Input use: fertilizers, agro-chemicals, 
irrigation

 Impacts: soil organic matter, nutrient 
emissions (air, soil, water), PM, 
biodiversity, income, social indicators
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De Haan et al.  (2004) Eindverslag kernbedrijf Vredepeel
De Haan et al.  (2018) Effect van organische stofbeheer op opbrengst, 

bodemkwaliteit en stikstofverliezen op een zuidelijke zandgrond



Organic matter

 Production of organic matter

 Main product, by-product
 Fallow crop
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De Haan et al.  (2018) Effect van organische stofbeheer op opbrengst, 
bodemkwaliteit en stikstofverliezen op een zuidelijke zandgrond



Phytosanitation

 Nematodes

 Tolerance and 
resistance

 Damage control
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IRS Jaarverslag 2017; IRS (2019) Teelthandleiding

De Haan et al.  (2018) Effect van organische stofbeheer op opbrengst, 
bodemkwaliteit en stikstofverliezen op een zuidelijke zandgrond



Interaction between 
crops

 Phytosanitation

 Nutrient emissions

 S.O.M.
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De Haan et al.  (2018) Effect van organische stofbeheer op opbrengst, 
bodemkwaliteit en stikstofverliezen op een zuidelijke zandgrond



Ethanol chain evaluation

 Ethanol chain (classic)

 Data from PPO, literature

 Modeling development of 
soil organic matter

 GHG impacts

 Social impacts
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De Visser et al.  (2008) Effect van organische stofbeheer op opbrengst, 
bodemkwaliteit en stikstofverliezen op een zuidelijke zandgrond



Optimizing crop rotation: process

 Cyclic, interactive

 Data driven

 Impact oriented
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Dale et al. (2015) A framework for selecting indicators of bioenergy sustainability

Dale et al. (2015) Integrating biomass supply systems into sustainable 
landscape designs



Gewassen in rotatie brede zin

 Xx voorbeelden literatuur

 Xx

 xx
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Dale et al. (2015) A framework for selecting indicators of bioenergy sustainability

Dale et al. (2015) Integrating biomass supply systems into sustainable 
landscape designs



Optimizing crop rotation

Gewassen in rotatie brede zin

 Xx voorbeelden literatuur

 Xx

 xx
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Dale et al. (2015) A framework for selecting indicators of bioenergy sustainability

Dale et al. (2015) Integrating biomass supply systems into sustainable 
landscape designs



Results: People, 
planet, profit

 Switchgras – maize - pasture

 Multi-dimensional evaluation

 Identify strengths and 
weaknesses
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Dale et al. (2015) A framework for selecting indicators of bioenergy sustainability

Dale et al. (2015) Integrating biomass supply systems into sustainable 
landscape designs



Biocascading: biobased economy

 Value pyramid

 Cascading: highest 
value (economic, 
environmental, 
social) first

 Volumes vs value
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Pharma & Cosmetics

Food & Feed

Bioplastics & Polymers

Bulk chemicals & Fuels

Energy & Heat

high value

low value

Farma
Fun
Food
Feed
Fibre
Fermentation
Fuel
Fertilizer
Fire
Fill

Biomass cascading:

Farma
Fun
Food
Feed
Functional 
chemical
Fibre
Fermentation
Fuel
Fertilizer
Fire
Flare
fill



Design for the bioeconomy

 Protein transition

 Crops and fractions
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Sanders en Langeveld (2019) Development perspectives for the biobased 
economy. In: Chalanakis (ed.) Biobased products and industries



Design for the bioeconomy

 Regional or 
national approach

 Stepwise 
development 
(transition)

 Multi-purpose 
output
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Langeveld and Sanders (2010) Chapter 21 The Biobased Economy



Biobased options

 Added value

 Market size

 Price

 Potential impact

 Employment

 Development
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Langeveld et al. (2010) Crop Science



Sustainability – transparency - responsibility

 People – planet - profit

 SDG’s

 Technical, economic and 
environemental 
performance

 Social responsibility

20Langeveld et al. (2010) Journal of Forest Energy 



Optimizing rotations and 
regions

 New crops or 
applications

 Regional optimization

 Quantification of 
effects

 Development process

21

Langeveld et al. (2012) Bioenergy Research



Chain assessment and certification

 Steps by step 

 Quantification 
of inputs and 
outputs

 Identification of 
chain partners 
and roles
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Chain design ISCC



Chain assessment and certification

 Emissions and interactions

 Modelling impacts
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Gan et al. (2013) Environmental Management



Role of fertilizers and soils

 Fertilizers have one of the largest 
impacts

 Soil conditions essential

 Optimum levels
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Gan et al. (2012) Journal of Environmental Management 113

Gan et al. (2013) Environmental Management



Emission calculations

 RED defined approach

 Chain steps and partners

 Quantification

 Certification
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Transport
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Gan et al. (2013) Environmental Management

Chain design ISCC



Federatie Bio-economie Nederland

FBN

 Representation of companies, boards, 
and individuals

 Develop a sustainable bioeconomy

 Give input to policy, debate and 
research
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Infographic

.

27Aldina et al. (2018) Periphery revolution: the engine of the bioeconomy



For information:

Hans Langeveld

Biomass Research

hans@biomassresearch.eu

Ph: +31 6 520 58 537

Twitter: @BiomassResearch

Skype: hans.langeveld1

Nl.linkedin.com/in/hans-langeveld-
68432011

Thank you for your attention
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