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1. Overview 
 

Analysing the actual and potential availability and geo-spatial distribution of those biomass-streams 

associated with high-value products, as well as examining the question of suitable biomass-hubs to take the 

role of distribution and processing centres is taking the BIVAC lab research a couple of steps further towards 

a future bio-economy strategy for the wider Euregio Rhine-Waal. Currently, however, many bio-economy 

approaches researched in BIVAC are operating at TRL-levels 5 to 7, hence somewhere between ‘technology 

validation’ and ‘system prototype demonstration’. Though all participating companies do already offer a 

string of biobased products on the market (see: Valuable ingredients | Bio Refinery Solutions; Bioraffinage - 

Grassa), most initiatives are still occupying market niches in clear distance to the established industry. One 

of the hard facts which bio-economy start-ups need to face is that the extremely high up-front investments 

are posing serious obstacles for shortening the distance and that surviving this uphill struggle is a true 

challenge. However, as the climate change effects become more and more undisputable and international 

as well as national pressure is growing to change the current agro-food and -feed system for good, 

technologies and products as developed by the BIVAC project are moving towards the centre of attention.  

 

1.1 Introduction to the BIVAC project 

The overall goal of the Interreg Project 

BIVAC has been to explore cross-border 

opportunities between the Netherlands 

and Germany for exploiting biomass 

streams resulting from agricultural and 

horticultural practice and subsequent 

food processing at industrial scale by 

upcycling towards high valorisation chains 

for the purpose of reducing greenhouse 

gases (especially CO2) while supporting a 

wider set of further sustainability assets. 

During the three years of project 

implementation, BIVAC has demonstrated 

technical and organisational procedures 

for using a variety of biomass streams 

such as grass, leek, onions, sugar beet, 

peas and other agricultural residues as 

input for fermentation processes to arrive 

at high value products. For example, 

protein concentrates for animal feed as 

well human food – substituting traditional 

protein sources such as soy, maize and 

wheat to the benefit of the environment – as well as food additives, cosmetic and pharmaceutical products 

such as onion-flavoured proteins, a pure raspberry flavour (chiral scent (R)-α-Ionone and the superfood and 

fish-feed additive astaxanthine.  

 

Map 1 Project area cross-border Region Rhine-Maas North (ERW, n.d.) 

https://biorefinerysolutions.com/sustainability/
https://grassa.nl/bioraffinage/
https://grassa.nl/bioraffinage/
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The added value of this bio-economy project lies in its wider cross-border regional ambitions, according to 

which the impacts of human food consumption in terms of both the local and global ecological footprint is 

meant to be reduced. The cornerstones of such a transition towards a more sustainable food systems that 

builds upon the principles of circular economy can be outlined as follows: 

 

● Avoidance of waste production and depositions by down- and upcycling; 

● Cascade-style biomass stream management to allow multiple upcycling pathways towards a variety 

of products; 

● Reduction of import resource streams from remote locations to cut down on transport costs and 

externalisation of impacts; 

● Development of new business models and employment opportunities at the regional levels – in this 

case partly in Euregio Rhine-Maas North (see Map 1) and Euregio Rhine-Waal.  

 

It should be noted, that the key achievements activities and scientific focus of the BIVAC projects have been 

revolving around lab-based bio-chemical research when analysing, testing and manipulating different types 

of agri- and horticultural biomass-samples with the goal to arrive at market-compatible, high-value products 

as sustainable alternatives for the current chemical and fossil-based products.  

 

 
Figure 1 BIVAC project structure and partner activities (Lemmers, 2020) 

Aiming at resource efficient, environmentally sound and sustainable production, this industry-driven project 
addresses the development of novel, economically interesting products and processes based on waste 
streams originating from cabbage, onion or sugar beet production. Envisioned products include health-
promoting food additives, fermentable sugars allow to drive production of high-value compound astaxanthin, 
enzymatically optimized feed-additives as well as tannins for the leather producing industry. In the 
consortium partners from industry and academia brought together are located a very different positions of 
the value chains of the agricultural and food/feed industry, as further described below (see Fig. 1). 
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Phytowelt Green Technologies 
Phytowelt is an innovative biotechnology company, developing flavours & fragrances, active ingredients, raw 
materials and plant properties as well as plant ingredients. For these diverse industrial applications, they 
combine molecular biology with plant biotechnology. The benefits of biotechnological production 
(fermentation, biotransformation, biosynthesis) are cost savings, increased efficiency, resource savings and 
circular. In 2018, Phytowelt took home the Most Innovative European Biotech SME Awards 2018 in the 
Agricultural Biotech category. It is the first company able to produce a biotech raspberry fragrance both in 
high quantity and quality without using energy inefficient petrochemical processes, which helps meet the big 
and unmet demand of the perfume, food and cosmetic markets for natural fragrances and flavours. For 
reaching high performance in the fermentation process, Phytowelt is interested in biomass residue streams 
with high concentration of sugars (>50%) to boost formation processes.  
 
Biorefinery Solutions (BRS) 
BRS develops proprietary, mild biorefining technologies to extract proteins and other high value compounds 
out of fresh biomass. Its focus lies on biorefining feedstocks, such as vegetable trimmings and residues 
streams from the food industry. Examples are trimmings from onions, cabbage, leek, carrots and protein-rich 
residue streams, such as brewer’s spent grain. Other feedstocks are fast growing crops such as water lentils 
(duckweed) and alfalfa. Because of the mild refining procedures utilized, the protein concentrates recovered 
remain non-denatured and water soluble. They have unique functional characteristics, such as gelation and 
foam formation and, depending on the feedstock, specific tastes and colours. BRS’ biorefining technologies 
are commercialized together with value chain partners under license or in joint venture. Examples are onion 
residue protein concentrates presently commercialized together with Mol Onion Ingredients (Putten, The 
Netherlands) and water lentil protein with ABC Kroos (Groenlo, The Netherlands) 

Grassa 
Grassa specialises in exploiting plant residue streams, in particular the recovery of grasses for the production 
of high-quality, protein-rich feed. Mobile refining plants use a refining process to process fresh pasture grass, 
residues from horticulture, invasive aquatic plants from rivers or natural grass. Four products are produced: 
fibres, protein, phosphate and "whey" (juice). The components are used as well as possible: proteins as high-
quality animal feed, the fibres in the paper industry, the phosphate as a good biological fertilizer. In BIVAC, 
Grassa has developed an organic refining process in which residues from vegetable processing (leaves and 
other residues that are now low-quality or unusable) are upgraded to food-worthy protein, sugar and fibre 
content. The vegetables that have been tested so far are kale, leek, carrot leaves, spinach, beans, peas, and 
iceberg lettuce. In general, it can be said that fibrous vegetables such as kale and crushed beans can be 
processed in the same way as grass, i.e. without any problems with today's technology. 
 
NewFoss 
NewFoss has developed a refining process for the treatment of organic residues such as grass and agricultural 
and horticultural products. The focus is on the treatment of large quantities for the production of fibre-based 
goods such as paper, cardboard, insulation boards and substrates as a growth medium for fungi and 
horticultural plants. The process is also suitable for the extraction of ingredients from plant cells that are 
developed there, such as stevia. During this period, NewFoss conducted a literature study to investigate the 
potential sources of agricultural residual flows. This was a combination of a basic study and discussions with 
vegetable producers and suppliers in the Limburg area and in the eastern part of Noord-Brabant. In this 
region, large residual streams of peas, carrots and leeks accumulate within relatively short periods of 
summer. The largest and most promising stream is that of pea residues. 
 
Hochschule Rhine-Waal 
The Rhine-Waal University of Applied Sciences is an educational hub that offers diverse studies in the fields 
of engineering, technology and natural sciences. The university has a strong focus on developing partnerships 
with industry, which will be essential to the success of the biomass sector in the ERW. The university plays 

http://www.phytowelt.com/en/
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an essential role in facilitating applied research for the biomass sector, but also provides the opportunity to 
inspire and engage the next generation of biomass professionals in the region. 
 
Cluster Industrielle Biotechnologie e.V. (CLIB) 
Active since 2008, CLIB is a dedicated cluster organisation that comprises varying companies and 
organizations working in the circular and bioeconomy. With a focus on open innovation, CLIB members 
include large companies, academic institutes, non-profit organizations and small-medium enterprises. Based 
in Dusseldorf, CLIB develops highly innovative R&D projects and collaborations, maintaining a strong network 
of highly relevant stakeholders in the bioeconomy.  
 

1.2 Understanding the region 

On the Dutch side, the agrifood cluster consists of the presence of companies involved in the whole food 
chain from production towards consumer - including bioproducts and green energy. With more than 55,000 
people - one sixth of all jobs – working in food production, the agrifood cluster is a key economic driver of 
Northeast Brabant. These people work at a total of about 7200 companies, about two thirds of them in the 
primary sector and one-third in the secondary sector. Map 2 shows the relationships between the so-called 
Agrifood-Capital of Northeast Brabant (AgriFood Capital, 2018)  with the region of Arnhem/Nijmegen, 
Brainport Eindhoven and with Greenport Venlo. It also highlights the links between the Netherlands and 
Germany, especially between Venlo and Niederrhein-region, but also between Rotterdam (harbour) and the 
Ruhrgebied of North Rhine-Westphalia as a logistic bridge towards central-Europe, provide important 
context and synergy potentials (Pijnenburg, 2017).  
 
20% of all Research & Development expenditure in the agrifood sector in the Netherlands takes place in 
Brabant. Combined with a strong culture of entrepreneurship and the input of educational institutes in the 
sector, successful innovations are emerging, which have a good breeding ground in North-East Brabant. 
Nevertheless, the economic position of the agrifood sector in the region is under pressure. Both the 
population density and the cattle density of the province of North Brabant are among the highest in Europe. 
Within the province, livestock farms are concentrated in the east of Brabant.  
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Map 2 Regional embedding of NE-Brabant into other socio-economic structures and players (Strootman 
Landschaparchitecten, 2018) 

The increasing intensification of livestock farming has led to a growing social resistance. This mainly has to 
do with the effects of agricultural activity on humans, animals and environments, such as: 
 

● Negative health consequences: transmission of diseases, pesticides and herbicides in groundwater, 
antibiotic resistance; 

● Significant manure surplus: the region produces 3 million tons of manure containing 55,000 tonnes 
of NPK being placed outside the region. 53,000 tons of NPK is supplied as fertilizer; 

● Raw material loss: the region has a residual stream (food waste) of 453,000 tons; 
● Energy: the agricultural sector in the region consumes 10,332 TJ, most of which is fossil fuel. The food 

processing industry uses 6,144 TJ, of which 79% fossil fuel; 
● Energy consumption, raw materials use, emissions and degradation of the landscape and soil. 

 
In addition, Public and political resistance to the livestock and agricultural sector is further growing, despite 
the steps that have already been taken to make these industries more sustainable.  
 
The above socio-economic situation is considered to be very relevant for the goal setting of the BIVAC project 
because it highlights the prospects for a dynamic change of the agribusiness away from highly intensive 
livestock farming and feed production towards a more diverse land use strategy, including more 
opportunities for introducing new value streams on the principles of circular economy. Moreover, despite 
the more rural character of the Dutch region, the high population density, and the presence of ambitious 
cities with knowledge and innovation HUBs such as Den Bosch (University of Applied Science, Biomass Place 
Boxtel), Food-Tech Brainport in Helmond, Greenport Venlo and Brightlands Chemelot Campus near 
Maastricht create a stimulating environment for food innovation. We therefore can consider the region to 
have a rather metropolitan character similar to the role of the Niederrhein region on the German side. 
 
On the German side, there is a much higher density of greenhouse cultures and specialised horticultural 

special productions. At the same time, there are fewer agrifood hubs – at least not of the same type as in the 

Brabant-Limburg region. The closeness to Düsseldorf with more than 650.000 inhabitants offers of course a 

substantial consumer landscape. The trends regarding livestock farming (intensification) are comparable to 

the Dutch side – but at clearly lower levels.  

An equivalent agro-center such as in the Dutch Westland is located near the city of Straelen, close to 
Greenport Venlo. More than 22% of German horticultural companies with a focus on flowers and ornamental 
plants are located in the Straelen-Geldern-Kevelaer region. More than 35% of greenhouse areas of NRW are 
found here. In Straelen alone there are 2,000,000 m2 under-glass cultures and 2,000,000 m2 container storage 
areas for ornamental plants. Of special significance is Landgard eG, the leading sales organisation for flowers, 
ornamental plants, fruit and vegetables as well as the Veiling Rhein-Maas, a joint venture between Landgard 
and Flora Holland. This merger thus brings together the leading German and Dutch auction companies in 
ornamental horticulture. In addition, Landgard fruit and vegetables based in Straelen is yet another 
significant, marketing organisation in the area. 

1.3 Structure of this report 

 
Taking the need for a coherent and strategic vision for transboundary approach towards bio-mass 

management as a starting point, this report offers a view on what is possible along the following steps:   

 

(1)  Biomass resource analysis 
As mentioned above, the new data situation allows us to offer a set of cross-boundary data on 
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agricultural production and the associated residue streams derived from international data (Corine 
Land Cover data 2020 and FSU-food (Farm Structure Units) crop data as provided by the JRC in 
2020). As these food crops do not match the national food crop statistics of the Netherlands and 
Germany (e.g., the European data does not show data on leek or carrots), we decided to show both 
the Interim-Report maps and the new European coverage in a complementary way. Next to the 
overview on all 7 biomass streams, we offer an in-depth ‘spotlight-view’ on three selected crops, 
namely grass, sugar beet and vegetables with detailed interpretations of maps based on 2019 data. 
Using high-resolution data (AAN/LGN), we will further examine details of the distributional 
patterns.  

  
(2) Impact Assessment 

Following from the Biomass Resource Analysis, we identified 3 promising ‘spotlight’ crops (sugar 
beet, vegetables, and grass) to conduct a deep-dive analysis of from an impact assessment 
perspective. Building upon an adaptation of the DPSIR Framework developed by the European 
Environment Agency for assessing impacts and drawing upon the methodological framework of the 
EU project REPAiR on biomass assessments, we identified a range of indicators: 
 

• Flow amounts (for each material or their combination, e.g., vegetal waste vs. separate 
vegetables and fruits), 

• Flow structure (e.g., percentage of renewable material in each flow),  

• Flow intensity (e.g., amount of flow consumed/conducted per person),  

• Flow efficiency (relationship between economic factors and each material flow), and  

• Flow density (material consumption/conduction to sustain urban development). 
 

Using these indicators, a semi-automated Flow Projection Model has been developed for the three 
spotlight crops. The model predominantly focuses on input flows from production areas to hubs, 
developing a series of flow maps with flow directions and volumes using 2019 data. For each of 
these streams we interpreted the results according the three sustainability pillars environment, 
social and economic dimension, which comprises the sustainability assessment. 
 

When analysing the international dimensions of biomass flows we also took a step back to look at 
wider North-West Europe, the so-called ARD-region which includes Antwerp in Belgium with the 
second largest harbour of Europe and a major fruit and vegetable production location in the so-called 
Flemish Diamond region, Rotterdam in the Netherlands hosting Europe’s largest harbour and the 
largest greenhouse production area,  and Düsseldorf in Germany, the metropole region in the heart 
of the Ruhrgebiet which includes the horticultural production hotspot of Straelen. Making use of the 
Metropolitan Foodscape Planning tool (MFP), we identified the availability of streams for 9 major 
food groups, allowing conclusions on the implications for circular economy strategies at a supra-
regional level. 

 
Whilst aware that the lack of participatory processes and different data sets has limited the scope of this 
exercise, we feel that the results are still providing useful references with regard to the future perspectives 
at the level of Euregion Rhine-Maas and beyond.  
 

 
(3)  Impact Assessment 

When analysing the international dimensions of biomass flows, we took a step back to look at wider 
North-West Europe, the so-called ARD-region which includes Antwerp in Belgium with the second 
largest harbor of Europe and a major fruit and vegetable production location in the so-called Flemish 
Diamond region, Rotterdam in the Netherlands hosting Europe’s largest harbor and the largest 
greenhouse production area,  and Düsseldorf in Germany, the metropole region in the heart of the 
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Ruhrgebiet which includes the horticultural production hotspot of Straelen. Making use of the 
Metropolitan Foodscape Planning tool (MFP, see Section 3.3.2), we identified the availability of 
streams for 9 major food groups, allowing conclusions on the implications for circular economy 
strategies at a supra-regional level. 
  

(4)  Community of Practice vs. Over-the-Fence Partnerships  
Using the partners and candidate hubs that have been recognised as key to the transition process 
towards a circular economy as a basis, we mapped the existing stakeholder network according to 
the level of influence and interest each stakeholder has in the biomass sector. This mapping 
indicates he level of biomass volume trafficking as well as the stakeholder influence in relationship 
to the innovation pyramid. Interpreting the results, we examined the role of other relevant activities 
in the wider trans-boundary region and identified gaps in the emerging network. In particular, we 
propose two mechanisms that can support improved cooperation and integration of the biomass 
sector: Communities of Practice and Over-The-Fence Partnerships. 

 

 

(5) Transition Pathways in a Bioeconomy 
The research is concluded by a brief overview of the most promising biomass streams identified in 

this research, and the relevance of Technological Readiness Levels to the development of the bio-

economy. These conclusions highlight a promising pathway ahead for the bioeconomy based on 

BIVAC project results for the EWR. 
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2.  Biomass Resource Analysis 

2.1 Project area, data and mapping methods 

The BIVAC research and networking activities have been largely focussing on the Dutch and German 

communities covered by Euregion Rhine-Waal as depicted Map 1. Following the first-phase-approach that 

has been laid down in the Task V.4 Interim Report, SUSMETRO developed a more integrated approach 

towards food crop mapping for which we decided to zoom into the central region of the Euregio Rhine-Waal 

as determined by the locations of Biomassplein Boxtel in North-Brabant in the East, Cargill-Krefeld in the 

West and the company-park Zevenellen in the South. Following the methodological approach of the 

Metropolitan Foodscape Planner 2.0, the second-phase assessment is thus covering the central sub-section 

around the Greenport Venlo with Phytowelt and Grassa in their proximity, indicated by the circle in Map 3. 

Map 3 Project area in cross-border 
Region Rhine-Waal/Rhine/Maas-
North showing both the political 
boundaries as well as the Phase-2 
assessment area (green circle) 

This report makes use of the most 
recent geo-referenced datasets 
for both the German and the 
Dutch region of the study area. 
The choice for geo-referenced 
data is based on the intention to 
provide the target group – 
members of the cross-border 
food system involved in 
production, processing and 
transport of primary and 
secondary biomass streams as 
well as researchers and food 
innovation actors (inside and 
outside the BIVAC project) with 
concrete spatial information on 
the availability, locations, 
volumes and logistic details of 
specific biomass streams. The 
geo-referenced agricultural 
production data for the 
Netherlands is derived from two 

sources, namely PDOK and CBS (Statistics Netherlands). PDOK is a (https://www.pdok.nl/) is a public platform 
that organises and makes accessible up-to-date geo-datasets from Dutch governmental organisations, while 
CBS manages official statistical data about The Netherlands. PDOK offers high- resolution geographical 
definition of agricultural land at  the level of land parcels.  

https://www.pdok.nl/
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For the German region in NRW, the data situation is – 
notoriously – more difficult. The information platform 
www.it.nrw provides only highly aggregated statistical 
data on harvest production at the level of districts and 
larger cities (NUTS2). The only more detailed source is 
the datasets of the Thünen Geo-Portal and Atlas 
compiled by the Thünen-Institute (www.thuenen.de) 
in 2010 (Thünen Geo Information 2020). These are 
spatial allocations on the basis of statistical land use 
data at the level of communities (NUTS 4 and 5). We 
need to point out that the data situation differs with 
regard to the RIN Report from 2017 (Beumer et al., 
2017) which must be considered as an important 
reference: while the German statistical data of the RIN 
report is more recent (2015), the Dutch data was older 
and more aggregated. In this report, the Dutch data is 
of higher resolution and more up to date (2018), 
whereas we rely on geo-referenced data for Germany 
from 2010. Nevertheless, we consider the results from 
the present study still to be indicative for arriving at relatively reliable approximations.  
 
With regard to converting harvest data per hectare to dry matter tonnes, we utilized the conversion key used 
in the RIN study which in turn made use of the approach developed by ECOFYS for the Netherlands (see Table 
2) (ECOFYS, 2010). These conversion tables have been amended/complemented with the help of concrete 
calculations/tacit knowledge input by our BIVAC partners – e.g., for onions (BRS) and grass (Grassa).  
 
Table 2 Conversion factors for selected crops (based on RIN 2017 and BIVAC partners*) 

Selected crops (RIN Report, 2017, p. 80) TS t/ha 

Red cabbage 5 

White cabbage 4.3 

Red beet 2.5 

Leek 3.5 

Peas 6.3 

Beans 2 

Rhubarb 2 

Onions* 2.25 

Carrots 2.8 

Vegetables (average) 4.7 

Sugar beet 4 

Grass* 12 

 
 
 
 

Table 1  Aggregation of FSU Crop types 

http://www.it.nrw/
http://www.thuenen.de/
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Conversion figures remain a critical issue because off-field biomass streams differ substantially from second 
sector biomass streams from industrial processing. The latter provide often higher stream qualities but are 
more difficult to track down and to place into a circular chain. We hence intend to build stronger on the tacit 
knowledge domains deriving from concrete BIVAC business plans rather than standard conversion tables. For 
the German data, specifications for single vegetable products have not been possible and hence we decided 
to use an average value of dry matter. 
 
In the following sections you will find a variety of overview maps, showing the dominant crop production in 
the region (Map 5) according to FSU crop types (Table 1) and mapping of the region according to the EU food 
groups (Map 7). These two maps give a ‘helicopter’ view of crop production in the region on a macro level, 
whilst later in the chapter, crop-specific maps are available, indicating the production volumes of crops 
shown in Table 2 according to municipality. The last three crops included in the table (grass, sugar beet and 
other vegetables), are described in more detail due to better availability of data and promising volume 
availability. These three ‘spotlight’ crops also form the basis of analyses in later chapters. 

2.2 Land use and socio-economy 

The Dutch southern sand region of North Brabant, North and Central Limburg is a fairly flat area, with the 
slightly sloping sand sprays, where sedimentation from the ice age and old river sands dominate surface soils. 
While the river basin on both sides of the Meuse between Gelderland and Brabant is largely protected by 
dikes, the Meuse between Limburg and Brabant is still undeveloped. The city and the country are intertwined 
into a real "agricultural mosaic". This mosaic has an attraction on different levels, even with the neighbouring 
economic hotspots outside the region. Within the region, there are still sub-regional differences within the 
agrifood sector. Large-scale agricultural production landscapes with livestock farms are mainly located 
between 's-Hertogenbosch-Veghel-Oss and in the higher Peel area in the country of Cuijk. 

To gain a broad overview of how the region looks in terms of agricultural production, we can look to Map 4. 
This map indicates the dominant crop produced in each area, according European FSU food groups (JRC, 
2020), listed in Table 2. As indicated in blue, fodder maize is clearly the prevailing crop cultivated in most of 
the Euregio project area, accompanied by significant areas of grass production and a concentrated area of 
sugar beet between s’ Hertogenbosch and Amersfoort at the Western periphery. The most profitable crop 
on the Dutch side, in the Limburg and Oost-Brabant catchment areas, is grass, followed by silo maize. Both 
arable crops also have by far the largest proportion of arable land. Most of this land use in North-East Brabant 
is used for the production of fodder (77%). The livestock sector is very large in Northeast Brabant: 21% of all 
meat pigs in the Netherlands come from this region and for broiler chickens this is 9.2% (see also Map 5). 
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Livestock keeping is not only considered to cause a series of 
substantial environmental impacts such as eutrophication, 
biotope loss and air emissions, but also - as visible on the map, 
large-scale land use change in both the countries of production 
as well as in remote global region (soya import). The dominance 
of fodder and grasslands as a by-product of intensive livestock 
keeping can be considered a motivational asset for the use of 
biomass streams - especially if this can serve as a protein-source 
for feed. As van Zanten (2016) observes: 
 
Most of the environmental impact of production of Animal-
source Food (ASF) is related to production of feed. One 
production-side strategy to reduce the environmental impact is 
the use of products that humans cannot or do not want to eat, 
such as co-products, food-waste, and biomass from marginal 
lands for livestock feed (biomass streams).  

 
Map 4 Livestock economic performance of 
the Netherlands 
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     Map 5 European Dominant FSU Crop Types (JRC/FSU year) 
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This strategy is effective, because feeding leftover streams to livestock transforms an inedible food stream 
into high-quality food products, such as meat, milk, and eggs.”  

Other notable crops are sugar beet and the potato. With regard to vegetable farming, leek is strongly 
represented in Oost-Brabant, followed by flower production (lilies and gladiolus). The most cultivated 
horticultural plants are in fourth place with lettuce. 
 
Outside the main Euregio Rhine-Maas area towards the South-West, we see a large dominance of wheat, 
especially summer wheat - a crop that is also being used as input to feed, but which mainly serves human 
consumption in terms of bread and bakery products. It is interesting to note that Cargill, a US-based company, 
is currently investing $200 million to diversify its starches and sweeteners portfolio by transforming the 
Krefeld processing facilities from corn to wheat, reflecting an increased demand for protein-rich foods 
(Cargill, 2019). The work is expected to complete by the end of 2021. This can certainly be interpreted as an 
indication for a whole series of bio-economy trends affecting the region at large and possibly driving other 
innovative approaches - among them the research and business models carried out by BIVAC partners 
Phytowelt, BRS and Grassa (see also Chapter 4). 
 
It should also be noted that the region is home to forested and natural areas of interest for biodiversity 
conservation, many of which being located along the major riparian corridors, but which are also dispersed 
in small pockets across the area, with more extensive areas to the north. While the map displays the most 
dominant crops such as fodder maize, grasslands, and summer wheat, it should be acknowledged that the 
region around Straelen is rich in agricultural activities and resembles - in terms of glasshouse cultivation - 
traits of Rotterdam Westland. In the northwest of the district of Kleve near Kalkar, Kleve, Kranenburg, Rees 
and Emmerich are characterized by often deep and very fertile floodplains. Further to the northwest of Neuss 
county, in the central and eastern part of Viersen district and in the south-eastern part of Kleve district, the 
Lower Rhine plates join. In the municipalities and towns of Niederkrüchten, Nettetal, Straelen, Geldern and 
Weeze along the Dutch border, loess plates are gradually turning into lighter fine flying sands, which support 
many crops of horticulture. The permanent crops are perennial fruit or vegetable crops on arable land that 
are not included in crop rotation, such as core and stone fruit, asparagus, carrots or rhubarb. 
 

An indication of the intensity of the 
cultivation is the distribution of the 
intensively used areas of horticulture. 
The intensive horticultural areas with 
greenhouses and open-air spaces are 
concentrated in narrower spaces in the 
district of Kleve and the city of 
Düsseldorf. Outdoor horticultural crops 
such as vegetables, asparagus, berry 
fruits, and nurseries (10,884 ha in 2011) 
are distributed within 5 years on arable 
fields with a total area of about 52,000 ha 
(Map 6). The map shows the field blocks 
that were used for special crop 
cultivation. This cultivation is 
characterized by a high degree of rotating 
leased land with the highest rent prices in 
Germany. 
 

Map 4 Horticultural intensive land use and specialised crop production (LWK 2013) 

 
 

https://vegconomist.com/market-and-trends/billowing-demand-for-vegan-high-protein-ingredients-to-elevate-flax-protein-consumption-levels-2018-2027/
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To make use of more detailed data available, especially in the Dutch region, Map 7 displays the dominant 
crop groups shown in Map 6, with an overlay of specific crop production data across municipalities in the 
Netherlands. This is indicated using small pie-charts, which give more detailed information on the production 
of the seven vegetable species that were chosen as promising biomass sources by the BIVAC consortium. In 
addition, the map indicated the locations of the biomass hub candidate sites. 
 
It should be noted that only aggregated data on vegetable production is available for the German region, and 
that the data that is shown on the map is not necessarily indicative of production volumes. In general, 
production in the Dutch area appears to be largely dedicated to red cabbage, leek and peas, with the majority 
of leek production occurring in the south western area, with peas and leek more evenly distributed. As for 
the FSU crop groups, the image is of course relatively similar to what we can see in Map 6: fodder crops 
dominate the land use in the Euregio Rhine-Waal with larger proportions of grasslands and patches of sugar 
beet in the communities north of Nijmegen. 
 
In the overlay with the Dutch vegetable data we can see larger shares of pea farming in fodder and grassland 
regions such as in Bronkhorst, Brummen, Doesburg and Westerfoort, but also in Maasdriel, West Maas & 
Waal, Wijchen en Heumen as well as in Gennep and Bergen. Other dominant vegetable are leek in all 
communities around Uden and a stronghold in Renkum, as well as onions with large shares up North in 
Heerde,Oldenbroek and in Apeldoorn, Putten and Barneveld plus in Berg & Daal and Mook & Middelaar near 
the German border. This means that both for BRS and Grassa, larger amounts of target vegetables needed 
and tested in BIVAC are in close, reachable distance to their company locations. As the maps in section 4.3.1 
on the ‘Spotlight Vegetables’ illustrate, there is also substantial production at the German side of the border, 
namely in the communities of Goch, Weeze, Kevelaer, Geldern down to Straelen where concentrations of 
horticultural and agricultural vegetable production are located.  
 
The FSU crop group layer of Map 7 shows a large vegetable region South-South-West of Greenport Venlo, 
another one up North near to Almere in the Flevopolder. In addition to relevant biomass sources in the 
region, it is also essential to identify strategic locations that can facilitate the storage, aggregation, 
processing, logistics and development of the biomass chains. These have been identified as Hub Candidate 
Sites. The geographic layers of these and all other maps following show the three types of candidate biomass 
hub locations, namely: (1) Production (storage/farming), (2) processing/industry and (3) knowledge hubs. 
These hubs are also indicated on Map 7. 
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Map 5 Ten European Food Groups and 7 Dutch Vegetable Types in terms of dry matter from their biomass 
streams with indication of possible HUB sites 
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These hubs have been identified based on existing entities and initiatives in the region that could offer 
strategic opportunities for biomass use in the area. These hubs can be described as follows in Table 3:  
 
Table 3 Hub candidate sites 

Hub Name Candidate Category Relevance 

Bedrijvenpark Zevenellen (NL) Processing Hub Bedrijvenpark Zevenellen offers a strategic 

location for the storage and potential processing 

of biomass, with a strong focus on circular and 

biobased economy activities.  

Biomassaplein Boxtel (NL) Processing Hub Biomassaplein Boxtel has been set-up as a project 

of Green Tech Park Brabant, aimed at collecting 

and aggregating wood-based biomass from the 

surrounding region for processing into building 

material or textile resources.  

Carl Kuhne KG (DE) Production Hub Carl Kuhne is an established player in the food 

industry, producing a variety of condiments, 

canned and pickled food products.  

Chemeleot InSciTe (NL) Knowledge Hub A public-private institute specialising in the 

development and application of bio-based 

materials using open innovation. Chemeleot 

partners with both academic and commercial 

entities to drive research and technical validation. 

Greenport Venlo (NL) Knowledge Hub Greenport Venlo operates as a business park 

targeting companies and innovations active in the 

fields of agriculture, food, trade and logistics.  

Laarakker  (NL)  Production Hub Laarakker is an established company, producing 

125,000 tons of vegetable products each year, 

including spinach, beans, peas, carrots and leeks. 

Laarakker also offers post-harvest processing, 

such as washing, peeling, slicing and storage. 

Pfeifer & Langen (DE) Production Hub Pfeifer & Langen operates large-scale sugar beet 

production and sugar processing with locations 

across Europe, producing almost 2 kilotonnes of 

sugar beet per year.  

Cargill Holding (DE) Production Hub Cargill Holding is an internationally recognised 

player in the agri-business industry, operating 12 

processing locations in Germany. Cargill is well-

known as an agricultural trader, providing high-

quality materials such as grains and oilseeds on 

the international market. 
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2.3 Results 

The data collection at the national and international level actually allows biomass assessments for a large 
variety of crops, such as different varieties of wheat and maize, but also on tomatoes only. However, this 
report focusses mainly on those crops which are of special interest for the participating partners and their 
value chains. We hence elaborate in the following the results of the Biomass Analysis for three main so-called 
‘spotlight’-production clusters, namely 

• Vegetables (8 types) 

• Sugar beet 

• Grass 

For these ‘spotlight’-biomass stream we offer more in-depth assessments with regard to locations, amounts 
(hectares and dry matter volumes) as well as specifications related to the companies’ processing operations. 

2.3.1 Spotlight Vegetable production 

The information on vegetable biomass streams offers insights for both Biorefinery Solutions (BRS) and 
Grassa, as also the latter has started to expand upon these streams. Map 8 had been generated by using the 
aggregated vegetable layer of the FSU data set which does not include data on tomatoes. Of course, the total 
list of vegetables which have been considered in this aggregation is much longer than the target biomass 
types, but the map provides a reasonable overview on what can be expected. Furthermore, the companies 
had only resources for testing the seven vegetable types that are mentioned here - there is a potential for 
more than these seven types to be further explored in the future.   
 
The map shows different concentrations of vegetable farming inside and outside the Euregio Rhine-Maas. 
Inside the assessment circle we find a total of approximately 10.000ha vegetables with a total amount of ca. 
50.000t of dry matter substance (DMS) that is potentially available for further processing. Outside the 
assessment circle we see in the Flevoland Polder East of Almere high concentration of vegetable farming with 
a total of approximately 6.000 ha or ca. 30.000 t DMS. This region is actually in close proximity to BIVAC 
partner BRS who is specialised on using cabbage and onions. It is very likely, that BRS would draw upon these 
production capacities if upscaling their business.  
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Figure 2 illustrates the data for extracting protein from different vegetable residue stream, pointing at large 
potentials at the level of national and regional production. Only for beans and peas there is an overall amount 
of about 90.000 tons of biomass residues streams in the Netherlands.  

 
Figure 2 Protein concentration of vegetable residue streams in percentage: * after concentration (Grassa 2020) 
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Map 6 Mixed vegetables (without tomatoes) according to European FSU data 
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The following sections provide an overview on the spatial distribution of each of eight vegetable crops on the 
basis of Local Administrative Units (LAU) according to the EU territorial scheme 
(communities/gemeentes/Gemeinden), together with the locations of the tentative biomass hubs. For the 
Dutch side, this is done for each individual crop, while for the German site, only ‘vegetables’ are presented 
as there are no detailed datasets on specific crops.  

2.3.1.1 Leek 

Seasonal availability: year-round (peak Oct-Feb) 
 
In the Dutch region, leek  production is largely concentrated in Noord Brabant, in particular the municipalities 
of Mill & Sint Hubert, Uden, Landerd and Meierijstad, registering production volumes of over 400 tonnes of 
dry matter, as well as in some areas of higher production in Gelderland, including Aalten, Oude Ijsselstreek 
and Elburg. Meanwhile, German vegetable production seems to be most intensive in the areas of Kevelaer, 
Weeze, Geldem, Goch and Uedem. Higher production volumes are also found in the south, surrounding 
Düsseldorf. 
 
 

Map 7 Dry matter residue stream of 
leek production for Dutch regions 
and average dry matter from 
vegetable production in NRW-
region - with indications for possible 
HUB sites 

For the Dutch production, 
Biomassaplein Boxtel may offer 
a useful location to aggregate 
biomass from producing areas in 
Noord Brabant, whilst for 
German producers, cooperation 
with Laarakker and Greenport 
Venlo could be considered. In 
particular, Greenport Venlo 
could offer a strategic location 
for the aggregation of biomass 
and organisation of logistics for 
further processing and 
valorising.  

 
Map 10 shows the level of detail achievable when using the Dutch LGN data sets showing concrete patches 
with seasonal and crop management specifications of interest for BIVAC partners - in this case Grassa. Grassa 
in cooperation with project leader Phytowelt has actually explored the access to leek biomass streams in 
both Germany and The Netherlands. Currently, leek farmers are managing larger amounts of residue streams 
as leek is  cut down in length considerably in order to be ready for sales. This amounts to about 50% of the 
green leaf-biomass and in Belgium even more since customers are used to buying shorter leek products. Leek 
biomass is normally returned to the fields and ploughed under. This is intended to enrich the soils, but is 
mainly implemented because any other solution is likely to be more cost-intensive. Figures 4 to 6 illustrate 
the on-farm post-harvest management of leek at van Ginnep (www.vangenniphandel.nl) in Handel 
.  
 

http://www.vangenniphandel.nl/
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Figure 3 - 5 Leek harvest and processing at van Ginnep in Handel. 

In Germany, a reliable partner has been found just across the border near Venlo: Seyen (Straelen) who 
produces and processes leek and has set up a partnership with other leek producers in the region, allowing 
refining technology to be set up on a larger scale. Refining tests have been set up on a laboratory scale to 
process the leeks. In the leek season of 2020 (Sep-Feb) a large-scale test has been done to further develop 
the business case and generate enough sample material to develop the potential market. 
 

 
Figure 6 - 7 Leek processing by Grassa - construction and use of a mechanical mobile press 

As explored by Grassa, leek is a slimy product that makes it difficult for a press to get a grip on, which makes 
it difficult to press and the fibre comes out wet. As a result, the blades of grass on a pilot scale were modified 
with an additional coat, which improved the grip. This modified machine was tested in September 2020 (see 

Map 8 Details on leek production for Dutch 
region 
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Figures 6-7). The experiment was very successful and enough juice and fibre was produced. The aim of the 
test was to check whether the press works, and also to test the shelf life of the juice. Grassa examined 
whether it is possible decentralise the pressing of leeks (i.e. on site) and then transport the juice and process 
it centrally. At different storage temperatures (4 and 20°C), different preservation methods were used and 
tested.  

2.3.1.2 Peas 

Seasonal availability: June until September/October 
 
 

Map 9 Dry matter residue stream of 
pea production for Dutch regions and 
average dry matter from vegetable 
production in NRW-region - with 
indications for possible HUB sites 

As for pea production, activity is 
highly concentrated in the area 
surrounding the Municipality of 
Bergen, with an additional ‘hot 
spot’ in Wijchen. 
 
This offers an interesting 
opportunity with biomass hub 
candidate Laarakker in mind as a 
potential location for the 
aggregation and storage of 
biomass, which could be 
distributed to biomass processing 
hub candidates Biomassaplein 
Boxtel and Bedrijvenpark 
Zevenellen. 

 
Each year Laarakker Groenteverwerking and Laarakker Bio (in Well, NL, close to the German border ) supply 

125,000 tons of vegetables grown in the open such as spinach, cabbage, peas, legumes, carrots (10.000 t), 

leeks, salsify and potatoes (Laarakker Groenteverwerking, n.d). In addition, at their subsidiary company 

Ecofuels, they process our return flows into various green energy products and pure green CO2. Laarkakker 

manages 8000ha vegetables, producing ca. 100.000t biomass per year which now is being used for liquified 

biogas production. 

 

 
Figure 8 – 9  Pea harvest of vegetable producer Laarakker 
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In the German region, the key producing areas of Kevelaer, Weeze, Geldem, Goch Uedem and Dusseldorf 
remain the same, once again providing a strong case for the engagement of Laarakker, as well as Greenport 
Venlo as a possible logistical hub. 
 

2.3.1.3 Beans 

Seasonal availability: June - September 
 
As seen in Map 12, bean 
production in the Dutch region 
is widely dispersed across the 
area, with notable production 
hotspots in Noord Brabant (Sint 
Anthonis, Boxmeer) and 
Gelderland (West Betuwe, 
Overbetuwe, Ede, Wijchen, 
Oude Ijsselstreek).  
 
Keeping vegetable production 
areas in the German region in 
mind, Greenport Venlo may 
provide a convenient location 
for the aggregation and 
transport of biomass from 
German producers and Dutch 
producers in Noord Brabant. 
The engagement of 
Biomassaplein Boxtel may also 
be an interesting option, 
particularly for the aggregation 
of biomass from Dutch 
producers. However, looking at 

the distribution of production hotspots, it is likely that a robust logistical strategy would be needed to 
facilitate collections from across Noord Brabant and Gelderland. 
 

Map 10 Dry matter residue stream of bean production for Dutch regions and 
average dry matter from vegetable production in NRW-region - with indications 
for possible HUB sites 
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. 

Figures 10 - 11: Protein precipitation: first photo shows leeks, second photo the bean leaf protein concentrate 

 

2.3.1.4 Rhubarb 

Seasonal availability: October - July 
 
Rhubarb production in the 
Dutch area appears to be 
concentrated around the 
border region, again in the 
municipalities of Bergen, 
Boxmeer and Mill en Sint 
Hubert. Lower levels of 
production also surround 
Biomassaplein Boxtel, with 
areas producing similar volumes 
also seen in Bronckhorst, 
Gelderland.  
 
The high production volumes 
indicated in the border region 
may offer interesting 
opportunities due to the close 
proximity to candidate biomass 
hubs such as Laarakker and 
Greenport Venlo, which could 
offer aggregation locations and 
centralised logistics. These 
locations could also be engaged 
for German producers 
operating close to the border, for which Carl Kühne KG could also be considered as a large scale biomass 
supplier, located in Straelen. In this case, Bedrijvenpark Zevenellen could also be considered a strategic 
location for biomass aggregation or processing. 

Map 11 Dry matter  residue stream of rhubarb production for Dutch regions and 
average dry matter from vegetable production in NRW-region - with indications 
for possible HUB sites 
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2.3.1.5 White cabbage 

Seasonal availability: Year-round (peak Sept-Jan) 
 
White cabbage production, especially in the Dutch region, appears to be limited, with only two areas where 
production reaches up to 2,5 tonnes of dry matter, located in Duiven and Wageningen These hotspots do not 
fall within close proximity to candidate biomass hubs. This, combined with the limited production volume, 
may indicate that White Cabbage is less promising for use as a biomass material than other crops which are 
produced in higher volumes and more strategically located for logistical efficiency.  
 
However, German production could offer more promising opportunities for white cabbage in the case that 
the areas of concentrated vegetable production also include white cabbage cultivation. In this situation, it 
could be wise to focus only on aggregation of biomass from German producers, taking advantage of hub 
candidates such as Cargill and Carl Kühne. Greenport Venlo could also play a role in logistical efforts due to 
its convenient location close to the border.  
 

BRS has been able to pay 
attention to the biorefinery of 
residual flows of white cabbage 
as part of the BIVAC project 
during most of  2020. Particular 
attention has been paid to (1) 
increasing the concentration of 
sugars in the biorefinery residual 
water. In addition, (2) the 
possibility of extracting carbon 
fibres (cellulose) as an 
alternative source of 
carbohydrates (in accordance 
with the wishes of BIVAC 
partners) was also considered. 
Residual flows of white cabbage 
have been used as starting 
material, in particular the outer 
leaves that remain after the 
cabbage has been made 
suitable for consumption, either 
directly for retail or as an 
ingredient for salad, sauerkraut, 
etc.  

 
The cabbage residues were ground and pressed according to the biorefinery protocol previously developed 
by BRS. The aim is then to concentrate the carbohydrate-containing juice as far as possible. Because the 
Agitated Thin Film Dryer (ATFD) proved to be too expensive, BRS tried out nanofiltration techniques in order 
to be able to remove at least the largest amount of water. After trying out some membranes, it was found 
possible to concentrate the juice from <0.1% dry matter to 7% dry matter (about 100 fold, so 99% of the 
water removed). The concentrate has been analysed for carbohydrates. More than half or 57% of the dry 
matter is monosaccharides, largely glucose. The next step is to further thicken this concentrate with a further 
factor of 5 leading to a brix value of at least 30. 
 

Map 12 Dry matter residue stream of white cabbage production for Dutch regions 
and average dry matter from vegetable production in NRW-region - with 
indications for possible HUB sites 
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Figures 12 – 13:  White 
cabbage processing at BRS 
to arrive at food-additives 
for human consumption and 
sugar concentrations for 
Phytowelt high value 
products Axantanthine.  

 
 
 
 
 

Figure 14 BRS production line from 
vegetable biomass residue streams to food-
products. 

 
 
 
 
 
 
 

 

2.3.1.6 Red cabbage 

Seasonal availability: Year-round (peak Oct- Apr) 
 

The map indicates distinct 
hotspots for the production of 
red cabbage, in the 
municipalities of Overbetuwe 
and Buren, both located in 
Gelderland, as well as further 
north in the Oldebroek. Higher 
levels of production are also 
seen in Zevenaar, Duiven and 
Doetinchem.  
 
Linking this red cabbage 
production to a candidate hub 
proves more challenging, with 
the closest being Biomassaplein 
Boxtel or Laarakker. The 
identification of another 
candidate hub could be 
considered, located more 
centrally in Gelderland, for 
example in Apeldoorn, which 
would serve as a midway point 
for the aggregation of red 
cabbage biomass. Depending on 

Map 13 Dry matter residue stream of red cabbage production for Dutch regions 
and average dry matter from vegetable production in NRW-region - with 
indications for possible HUB sites 
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the concentration of red cabbage production in the German region, if this were to be concentrated in the 
areas of Kleve, Kranenburg and Emmerich am Rhein, a promising case could be made for the aggregation and 
processing of biomass together with the Dutch hotspots in Gelderland. However, this would require an extra 
biomass hub in the area that could specialise in this.  

2.3.1.7 Onions 

 
Map 14 Dry matter residue stream 
of white onion production for Dutch 
regions and average dry matter 
from vegetable production in NRW-
region - with indications for 
possible HUB sites 

An acre of onions produces 
about 60 tons of fresh weight, 
or if it goes to an onion cutter, it 
produces approximately  75% 
onion cubes/rings/slices and 
about 25% residual flows, i.e. 15 
tons. These residual flows 
contain about 85% water. 
Therefore the residual stream 
per hectare is 60 tons x 25% x 
15% = 2.25 tons/ha of dry mass. 
 
Onion production appears to be 
a significant crop in the Dutch 
region, with many municipalities producing 50-100 tonnes of DM, with some producing more than 100 
tonnes. Of particular interest is production taking place in Meiereijstad, Noord Brabant, which is located 
within close proximity of the Biomassaplein Boxtel. Varying levels of production are spread throughout 
Gelderland, Noord Brabant and northern tip of Limburg,  
 
Considering the widespread production of 
onion at notable volumes, onion offers an 
interesting opportunity for the creation of 
economies of scale for biomass collection, 
aggregation and processing. It should be kept 
in mind that as production is so widespread, 
there may be a need for multiple aggregation 
sites, or an effective logistics strategy that can 
ensure collection of biomass from across 
Gelderland and Noord Brabant in particular.  
 
This, combined with production across the 
German region, particularly if concentrated 
close to the border, presents a strong case for  
biomass aggregation and processing at scale.  
 
 
 

Figure 15: Onion residue stream processing at BRS 
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2.3.1.8 White carrot 

Seasonal Availability: May - November 
 

White carrot production in the 
region appears as a niche 
activity, with only one hotspot 
located in Landerd, Noord 
Brabant, producing more that 
100 tonnes of biomass.  
 
Nonetheless, surrounding areas 
of  Oss, Bernheze and Grave are 
also engaged in production at 
lower volumes. Although white 
carrot production from these 
selected areas may offer a 
viable stream for Biomassaplein 
Boxtel, the scale of production 
should be considered when 
determining whether the 
collection, aggregation and 
valorising of this biomass is 
worthwhile.   
 

Map 15 Dry matter residue stream of white carrot production for Dutch regions 
and average dry matter from vegetable production in NRW-region - with 
indications for possible HUB sites 
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2.3.2 Spotlight Sugar Beet Production 

 
Map 16 Sugar beet production according to European FSU data 
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Many different types of biomass are already being used as a base material for biochemicals and biomaterials. 
The most important applications are bioplastics, fibre products, and various base materials for synthetics, 
adhesives, resins, laundry detergents and medicines. The base materials of these products consist of fibres, 
sugars, starch, oils, fats, and proteins, all derived from plant origins. Sugarcane and sugar beet are the most 
important sources of monosaccharides and disaccharides (‘free sugars’).  
 
Already today, sugar beet is also being used for residue stream production of proteins at large scales. In the 
Netherlands, Sugar Unie has opened a plant in Dinteloord that allows for a daily processing of 15 tonnes of 
sugar beet leaves. Suiker Unie is making arrangements with different farmers to harvest and deliver these 
residue streams. One hectare of sugar beets offers about 25 tons of leaves which allows to produce 
approximately 200 kg of RuBisCo-proteins. 
 
Table 4 Pfeifer & Langen production figures at yearly basis (2018) (Pfeifer & Langen, 2019) 

 
 
Map 18 illustrates that sugar beet production is most concentrated outside the assessment circle and the 
Euregio Rhine-Waal. Inside this circle, the approximate total of DMS from sugar beet is about 25.000t DMS. 
In the region where sugar company Pfeifer & Langen is located (Elsdorf & Jülich), we actually find a large 
concentration of sugar beet production with about 60.000t of DMS in a radius of about 45km. In the 
Netherlands, extensive sugar beet productions areas West of Chemelot and in the Flevopolder. 
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A more detailed look is being 
offered by Map 19. Sugar beet 
production is widespread in 
both the Dutch and German 
regions, with volumes 
commonly reaching over 1000 
tonnes of dry matter. In the 
Dutch region, production 
hotspots of >1000 tonnes can 
be found in Bronckhorst and 
Overbetuwe (Gelderland), and 
Boxmeer and Sint Anthonis 
(Noord Brabant).  
 
Due to the scale of production, 
processing at the facilities of 
Pfeifer & Langen could present 
an interesting opportunity for 
both Dutch and German 
producers. Collection of 
biomass at Bedrijvenpark 
Zevenellen can also be 
considered, though this may be 

more relevant for Dutch producers in Noord Brabant and Limburg, and German producers located in the 
southerly part of the border region. Nonetheless, considering the widespread nature of production at notable 
scale, it could be considered to identify additional hub candidates that can service northern and central 
producers located across the Dutch and German area.  
 
As shown in Table 4, the majority of sugar beet biomass is available in the autumn, specifically October. To 
ensure that candidate hubs use their capacity year-round, it must be considered which other crop biomass 
can be aggregated in each season to ensure that the hubs can sustain themselves throughout the year.  
 

Figures 16-17: sugar beet refinery plant and storage at Pfeifer & Langen 

 
 
 
 
 

Map 17 Dry matter residue stream of sugar beet production for Dutch and German 
regions - with indications for possible HUB sites 
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2.3.3 Spotlight Grass Production 

 

 
Map 18 Grass and extensive grazing areas according to European FSU data 
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Map 19 Grass and intensive grazing areas according to European FSU Data 
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Map 20 and Map 21 show rather similar distribution patters for both intensive and extensive grasslands. 
Naturally, extensive grasslands are more located in low land corridors and in and around protected areas. It 
is hence advisable to explore nature management authorities with regard to accessing grass biomass after 
harvest. Especially from a biodiversity point of view, it has advantages of reducing nutrients in natural 
systems because of the high-level of nitrogen input via air and water systems. 

The use of grass as a biomass residue stream is oriented towards grassland management systems which 
generate surplus which becomes accessible for other purposes. Depending on the type of management, 
there is to differentiate a wide range of grassland types with natural, non-managed grasslands which can 
only exist under certain climatic and geomorphological conditions (e.g. steppic grasslands in the Russian 
tundra or high elevation dray grasslands  on marginal ranges) on the one hand, and high, intensity farming 
grasslands on rich lowland soils and/or frequently fertilized agricultural lands. Fresh or ensiled grass is one of 
the main components for diets in livestock farming. In order to increase the productivity of the grassland and 
its value as feed, they are often of low diversity (e.g. lolium perenne monocultures), are heavily fertilized 
with nitrogen and of low value for biodiversity. Because of the high growth rate of such grasslands, grass can 
be harvested early offering a high proportion of easily digestible cell and high protein content. Typically, such 
grasslands are fully integrated in the livestock management and hardly available for non-farming purposes. 
By contrast, semi-natural or extensively managed grasslands are characterised by high species diversity, low 
nitrogen levels and low grazing and or harvesting activities.  

From the perspective of high-value biomass exploitation, intensively managed grasslands offer of course the 
same advantages as for high intensity farming: easy processing and high protein values. However, extensively 
used grasslands - especially if not grazed - are likely to offer more biomass volume allowing for high protein 
extractions per hectare.  

According to Galler (2018)  
there is still a lot of untapped 
potential in grassland: 
permanent grassland can 
produce from 1,000 to 2,500 
kilograms of crude protein 
per hectare (see Figure 16). 
In comparison, one hectare 
of soybean provides only 
about 1,200 kg of crude 
protein with an average yield 
of 3,500 kg per hectare. This 
means that one hectare of 
more intensive grassland 
provides about the same 
crude protein content as 2 
hectares of soybeans, 
without any additional need 
for arable land. 

Figure 18: Comparison raw protein and dry matter substance for different grassland management systems (Galler 2018, 
www.onfarming.at)  

 

http://www.onfarming.at/
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Map 20  Dry matter residue stream 
of grass production for Dutch and 
German regions - with indications 
for possible HUB sites. 

As might be expected, grass 
production is high in both the 
Dutch and German regions, with 
production volumes of above 
50000 tonnes DM 
commonplace. In the Dutch 
region, the majority of 
producers providing these high 
volumes are located in the 
north, in Gelderland, with some 
also located across Noord 
Brabant. In Germany, 
production appears to be 
concentrated in the areas from 
Kranenburg, through Rees 
across to Schermbeck, again 

with production volumes above 50000 tonnes DM. These high production volumes in both the Netherlands 
and Germany indicate a high availability of grass biomass, which builds a promising case for the use of this 
resource for circular economy activities (see also Wascher et al. 2015).  
 
However, as the production areas are widespread, especially in the Dutch region, logistical arrangements will 
be key to facilitating the collection and use of this biomass. In particular, it will be essential to establish 
whether production is conducted by numerous small-medium scale producers, or whether large-scale 
producers are also active. This will have great influence on the ease and cost of logistical operations, so should 
be well considered when strategizing on grass use.   
 
Looking at the spread of these production locations, it could be considered to identify an additional hub 
candidate in a central location with easy access. 

 
Map 23 - 24: Land use detail NL (LGN + PDOK data) (left): 
polygon site data (NL) (right) 
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2.4 Conclusion and Discussion 

Based on the biomass analyses, it is clear that the Rhine-Waal region offers promising opportunities for 
biomass value chain development. This is underpinned by the availability of diverse biomass material, most 
notably from grass, sugar beet and vegetable production. It should also be noted that data on the Dutch 
region indicates favourable production of onions, beans, leek and peas. However, the production of these 
vegetables is in some cases dispersed across the region, which will require a robust logistical strategy to 
facilitate the collection and re-purposing of biomass streams at scale. It is also important to consider the 
seasonality of each crop, as this has a great influence on the actual availability of biomass streams.  
 
Nevertheless, in the cases where biomass candidate hubs are well positioned, these sites can offer a strategic 
opportunity for the utilization of local biomass streams. In particular, Biomassaplein Boxtel, Laarakker, 
Greenport Venlo & Carl Kühne appear to be the most promising hubs according to the analyses conducted 
above. This can also be linked to their strategic locations close to the Dutch-German border. Other candidate 
sites, which are located further away from the border and/or production regions, should not, however, be 
dismissed. For specific crops, for example sugar beet, these hubs may offer expertise of specialist technology 
for these biomass streams, that gives the hub a strategic advantage despite it’s less central location, in this 
case being Pfeifer & Langen.  
 
It can be noted, however, that there may be a need for the identification of a biomass hub candidate site in 
the north-westerly area of the Rhine-Waal region, whereby production of some key crops such as grass is 
highly concentrated. In this way, the north-westerly area is underserved by the current hub candidate sites 
and could present opportunities for further development of the Rhine-Waal biomass network. 
 
Next chapter describes the potential of the hub candidate sites in more detail with reference to key spatially 
explicit indicators determining the suitability of these hubs in the Rhine-Waal circular economy sector. 
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3. Impact Assessment  

3.1 Introduction 

Impact assessment for food system innovation involving a wide range of socio-economic and environmental 
parameters is a resource-intensive undertaking which goes clearly beyond the scope of this project. Instead 
of embarking on a major data inventory in support of quantitative assessment, we decided to make use of 
available European and national data addressing some of the impact dimensions of sustainable food systems. 
Some of the key parameters we refer to in our impact assessment derive from Life Cycle Analysis (LCA), 
market research and company-specific indicators. To contextualise these parameters, we have used Biomass 
Flow Stream Projections to visualise how biomass could be exchanged in the region. Fig. 19 illustrates 
functional relationships relevant to agro-food systems on the basis of the Driving Forces-Pressure-State-
Impact-Response (DPSIR) framework as developed by the European Environment Agency (2008). The blue 
ellipses highlighted in Figure 19 show that these systems are dynamic entities that have many areas of 
impact. In our following assessments, we will refer mainly to the ‘Impact’ ellipse in the context of biomass 
flows in the Rhine Waal area, focusing on environmental and socio-economic impacts.  
 

 
       Figure 19: DPSIR Framework addressing different dimensions of the food system (Wascher after EEA, 2018) 

System innovation - here meant to include bio-economy as a change-maker for the agro-food system - is 
considered as a response mechanism in reaction to impacts arising from driving forces at the level of policy, 
economy and climate change. In the concrete case of CO2 emissions impacting on our agricultural systems, 
but also on nature and human health, system innovation can be considered as one of the strategies which 
move beyond incremental innovation or adaptation towards large-scale mitigation of impacts.   
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3.2 Biomass Stream Flow Projections 

3.2.1 Method and indicators 

Our approach is based the principles of GIS-based Spatial Decision Support Systems (SDSS) and Geodesign. 
Central to this approach is the process of co-design together with stakeholders. SDSS for policymaking have 
evolved over the last decades, which can be reflected by an increased role of public participation in 
combination with collaborative approaches (Arciniegas et al. 2020). In recent years a range of participatory 
approaches for spatial decision-making emerged, which require more collaborative tools and methodologies 
(Li & Milburn, 2016). Geodesign is a leading methodology to support spatial planning as it tightly couples the 
creation of design proposals with impact simulations informed by geographical context (Steinitz, 2012), and 
ensures a close collaboration between the stakeholders and decision-makers throughout the entire process 
that starts at problem identification and finishes at proposed interventions. In the case of the BIVAC project 
implementation, this close collaboration was handicapped by the COVID-19 crisis which did not allow for in-
person co-design workshops to take place.  

 

 

Figure 20: Biomass flow project model for sugar beet with color-coded Sankey diagram for primary and secondary 
biomass streams (left), and the corresponding color-coded flow map for these streams (right) (data stream selection only 
illustrative) 

However, applying the methodological framework of the Horizon 2020 EU project REPAiR (h2020repair.eu, 
we identified a range of indicators applied in flow projection modelling. Flow projection modelling is a GIS-
based approach towards analysing waste and resource streams in the context of territories and groups of 
actors (see Fig. 20). The flow indicators identified in the REPAiR project (REPAiR, 2019) have been: 
 

● Flow amounts (for each material or their combination, e.g., vegetal waste vs. separate vegetables 
and fruits), 

● Flow structure (e.g., percentage of renewable material in each flow),  

http://h2020repair.eu/
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● Flow intensity (e.g., amount of flow consumed/conducted per person),  
● Flow efficiency (relationship between economic factors and each material flow), and  
● Flow density (material consumption/conduction to sustain urban development). 

 
Depicting resource and biomass flows in a spatial context must be considered as one of the bigger challenges 
of any impact assessment. Aware that the lack of participatory processes and different datasets have limited 
the scope of this exercise, we feel that the results still provide useful references with regard to the future 
perspectives at the level of Euregion Rhine-Maas and beyond.  
 
With regard to the DPSIR framework, the system innovation of introducing higher value chains for biomass 
streams out of agriculture and industry would mean to reduce the negative impacts of CO2-emissions by 
conventional (fossil fuel-based) industries and by land use change (intensification) on nature and biodiversity 
- to name just a few dimensions. 

3.2.2 Results for Sugar Beet impacts 

The project flow modelling, which we have undertaken, focuses on the three spotlight biomass streams which 
we examined earlier, namely sugar beet (Map 25), vegetables (Map 26) and extensive grasslands (Map 27).  
 
For sugar beet we have chosen the company Pfeifer & Langen as the central operational location with the 
storage capacity, sugar refinery and logistic hub. Map 25 shows the already mentioned access to the high 
production regions in the direct vicinity of the locations in Elsdorf and Jülich. Currently, this region is providing 
sufficient volumes for the company’s current production. The other production hot spots are the region 
South of Werth, North of Helmond, West of Venlo, Kleve and three sites along the German border.   
 
In the following sections we will discuss the implications of these company operations regarding the likely 
impacts from the environmental, social and economic perspectives.   
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Map 25: Flow projections for sugar beet production with company Pfeifer & Langen as central operator (Elsdorf/Jülich, 
Germany)  
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3.2.2.1 Environment 

Though being part of a crop-rotation system, sugar beet farming must be considered as an industrial form of 
intensive agricultural land use which is not offering much ecosystem values and where pesticides and 
fertilizers form important input factors. Organic sugar beet farming exists, but is covers only a very small 
share. On the other hand producers point at the clearly better environmental and economic performance 
figures of sugar beet as compared to the competitive crop sugar cane (de Crom et al. 2019). But UK 
researchers also draw rather favourable conclusions regarding the environmental impacts of sugar beet 
farming (Tzilivakis et al. 2004):  
 

This study has shown that the detrimental impacts on the environment from sugar beet 
production are limited, especially when the poorest overall performances can be discounted as 
they represent only 10% of the area of sugar beet production. However, most importantly, the 
study has illustrated that good economic performance can go hand in hand with good 
environmental performance. In the case of sugar beet, under the assumptions made within the 
study, a large yield could be obtained whilst minimising environmental impact. 
 

Another advantage is that sugar beet is grown in rotation with other field crops. Crop rotation helps conserve 
soil fertility and reduce levels of soil-borne pathogens and pests and thus reduces the requirement for plant 
protection products. The situation is different with regard to the industrial process at the sugar mill and 
refinery with washing, slicing, extraction, crystallization and drying which are both energy and water resource 
intensive. Table 5 illustrates rather large differences in terms of environmental indicators with clearly less 
CO2 emissions from the German and US/Australia sugar industry as compared to average European figures.  

 
 
Table 5 LCA results for different sugar production systems and system boundaries. Functional unit in kg of extractable 
sugar (European Commission, 2015). 

 
 
The sugar beet company Pfeifer & Langen issues periodically a sustainability report addressing their efforts, 
including (Pfeifer & Langen, 2021) : 

Regional production: 

● P&L process the beets where they grow. 

● Their sugar is a regional product – just like their feed. 

● The average number of kilometres between field and factory is 50 km, 
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● P&L make an important contribution to the rural region, as 80% of the jobs are located in the 

respective growing region. 

 

Environmentally friendly production methods: 

● Continuous increase in the percentage area of mulch seeding in the last ten years. How soils are 

protected from erosion: +61% 

● Since 2004 less use of mineral nitrogen fertilizer through responsible fertilization: -37% 

● Increased sugar yields in the last ten years due to breeding successes and optimized cultivation 

measures: +12% 

● Sugar beet leaves 50% less residual nitrate content in the soil: groundwater protection 

● Two-meter-deep rooting: preservation of soil fertility 

 

Modern crop protection: 

● Application techniques such as strip application and spot spraying: more economical use of 

pesticides, 

● Robotic solutions: sensors detect weeds and remove them mechanically, 

● Species-rich wildflower strips: biological pest control.  

 

Hardly any waste: 

● 18% of the beet is processed into sugar, 

● Molasses serves as animal feed and raw material for the fermentation industry, 

● Beet leaves remain in the field as fertilizers, 

● 7% of the beet is processed into feedstuffs, such as pressed or dried cutlets, 

● About 75% of the beet consists of water, which is used during the production process, covering 

almost 100% of the water demand for production. 

 

Innovation: 

● In the Innovation Center in Elsdorf, new materials are created from biomass: films, insulation 

materials or compostable crockery made of beet pulp. 

● Spin-off company Savanna Ingredients develops 'functional carbon hydrates' for the food market 

(Allulose, an almost calorie-free sugar) and for the animal feed market (Cellubiose). 

 

Climate change: 

● Per hectare, 36 tons of CO2 are bound per year – the equivalent of 180,000 kilometers driven by car, 

● In addition, 1 ha of beet produces 26 tons of oxygen a year – enough that 100 people can live on it. 

 

Transport: 

● In 2020, 615 fewer vehicles were needed at the Jülich site to transport 1 million tonnes of beets 

compared to 2015. 

● In 2020, P&L handled more than 50% of all sugar transports from Germany to Italy by rail. 

● Compared to 1990, P&L will reduce CO2 emissions by 76% by 2030 (comparison EU green trade: 55%) 

 

With regard to the BIVAC cooperation, Pfeifer & Langen offers a wide range of potential cooperation - e.g. in 
the use of sugar beet biomass residue streams such as molasse, but also high-glucose contents products 
which are now entering the feed market. Here bio-economy companies such as Phytowelt could become 
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‘across-the-fence’ business partners and thereby contribute to reducing the CO2 footprint of sugar beet 
production as well as by substituting fossil-fuel based products by the chemical industry.  

3.2.2.2 Socio-Economic 

 
According to Timo Koch, head of the Savanna Ingredients, the primary objective of Savanna's philosophy is 
about health and well-being; the 3rd UN Sustainable Development Goal (SDG). The increase in obesity, caries, 
diabetes, heart and blood pressure diseases is largely due to excessive amounts of sugar – especially in 
industrial products – in our daily eating patterns. More than half of Europe's adult population is overweight 
and more than 20% suffer from obesity (Eurostat, 2019). Childhood obesity is also a growing concern. The 
theme of climate and energy is the second SDG. Savanna therefore focuses on solar energy from photovoltaic 
installations and of course on the principles of circular energy when using residual flows (e.g. for their animal 
feed product cellubiosis. Thirdly, making land use more sustainable in the production of sugar beet is 
paramount.' As mentioned above, P&L makes an important contribution to the rural region, as 80% of the 
jobs are located in the respective growing region as indicated on Map 25. In the Netherlands, the equivalent 
company is Suiker Unie with its daughter Consun Beet (www.cosunbeetcompany.com) which, however, is 
located in Dinteloord (West-Brabant) with a distribution centre in Puttenhook near Rotterdam. The regional 
context of Euregio Rhine-Maas is in this case hence less evident - though given the dense transport networks, 
any location between Venlo and the Randstad must be considered as a logistical neighbourhood. However, 
in terms of local identity and socio-economic grounding, companies from within a region define corporate 
responsibility differently than supra-regional players.  

 
The reason for working with the start-up Savanna Ingredients was a series of substantial structural changes 
in the national and international sugar market at the parent company Pfeifer &Langen. In 2017 the EU – 
following pressure from the World Trade Organisation (WTO) – introduced the abolition of sugar market 
legislation (SMO). This SMO had regulated prices, volumes and ex-import restrictions for almost 50 years – 
with large producers such as Pfeifer & Langen clearly benefiting. From then on, European producers faced 
competition from mega-companies in Brazil and Thailand, which extract sugar cheaper from sugar cane. 
Pfeifer & Langen responded with an expansion strategy to produce more and conquer markets in Eastern 
Europe. At the same time, world market prices fell by more than a third to EUR 300 per tonne. In 2006 this 
amounted to EUR 630 per tonne. In the meantime, consumers have become more critical when it comes to 
sugar. Through Savanna Ingredients, Pfeifer & Langen is looking for new business models. The production of 
low-calorie sugars such as 'allulose' is now important. The search for new products is a challenge. Not only 
scientific innovation, but the development of a sustainable value chain and the adoption of European 
legislation. At Savanna, they expect a certain level of entrepreneurship: people who like to think 'out-of-the-
box' and for whom 'routine work' is not a core competence. (Source: Timo Koch in an interview in 2019). 
Both the competition from non-European sugar-cane producers and the impacts of climate change on the 
regional productivity will require further strategic responses with possibly also new value propositions in 
terms of non-food products based on fermentation technologies and plant-mining methodologies as 
developed by Phytowelt.   
  
 

3.2.3 Results for Vegetables 

For biomass streams from vegetables, we analysed the trajectories towards the location of company BRS in 
Raalte North of Deventer, thus just outside the Euregio Rhine-Maas. While being located at  the centre of a 
high production area (230 ha), the region offering the highest amount of biomass is actually located in the 
Flevopolder (about 3500 ha), followed by locations near Doetinchem, Ede, Nijmegen and Borken.  It should, 
however, be noted that in the coming upscaling strategy of BRS, it is most likely that their activities will be 
located in North Limburg to make use of knowledge, partners and biomass streams already established in 
this area. It is therefore likely that flow projections will be largely centralised around Venlo. 

http://www.cosunbeetcompany.com/
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Map 26: Flow projections for vegetable biomass streams with company BRS as central operator (in Raalte, The 
Netherlands) 
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3.2.3.1 Environment 

Targeting primarily at advancing in the state of the art of separating biomass waste streams or extracting 
valuable components and alternative valorisation pathways, the BIVAC project actually builds upon the 
notion of a sustainability framework requiring resource-efficient production and allowing for space for 
region-specific implementation, in particular for biodiversity, soil quality, water, nutrients and socio-
economic conditions. It is important that it should be workable for entrepreneurs and regional stakeholders 
in a partnership. The environmental contributions of these alternative valorisation pathways are mainly in 
the field of avoiding waste streams which are now having negative impacts on water, soil and air quality as 
well as replacing chemical industry products with bio-products, thereby cutting down on fossil energies. Since 
this report covers the advantages of circular economy compared to existing linear production in the following 
chapter, we focus in this section mainly on the insights provided by Map 26. 

 
Table 6 Vegetables/onions distance, area (ha) and dry matter (t) assessment with BRS (Raalte) as operating centre. 

 Production regions Distance from BRS 
(km) 

Vegetables (ha) Onions (ha) 
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Raalte 5 230   

Amersfoort 45 217 70 

Harderwijk/Flevopolder 50 3.548/20.000 200/10.000 

Doetinchem 45 737 184 

Nijmegen 55 301 650 

Sub-totals  distance <55km 
(DS in tonnes) 

5.300/25.300 
(24910/111.320) 

1.104/11.104 
(2484/24.984) 
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Borken 65 1021   

Helmond 90 2399 300 

Venlo 110 4871   

Euregio-DE     10.200 

TOTAL ha (with/without Flevopolder 

(DS in tonnes) 

  

13.324/33.324 
(58.635/146.625) 

1406/21.604 
(3.163/48.609) 

 

According to van Dam et al. (2014) in their research on the biomass valorization in the Betuwse Bloom, 

focussing on selected residue streams (paprika, champost, fruit-trees, chrysanthemums), the “available 

quantities of biomass released are not sufficient to develop a new processing technology for this purpose 

alone, and a robust process, which can be used to use multiple different raw materials a valuable product.” 

They come to the conclusion that a (logistical) solution must be found so that combining similar residual flows 

from different sectors is possible. Besides in many cases fresh residual flows will have to be processed quickly, 

which also requires a good logistics organisation. 

This underlines the necessity to examine a variety of streams and to consider cooperation with other 

innovators in an early stage. The data presented in Map 26 and Table 6 might offer some perspectives here.  
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3.2.3.2 Socio-Economic 

Vegetable production is a vital agricultural 
activity in both the Netherlands and 
Germany, with the Netherlands in 
particular considered specialists in highly 
intensive, often greenhouse based 
production. However, despite advances in 
technology and automation, vegetable 
production remains a highly labour-
intensive process, particularly at planting 
and harvest time. Unlike many arable 
crops (e.g. wheat), mechanisation is 
challenging in vegetable production due to 
varying sizes, shapes and positioning of 
produce. This makes the vegetable and 
horticulture sectors very labour intensive 
when compared to other agricultural 
industries, which although a challenge, 
also presents opportunities for significant 
employment impact. For example, 

according to CBS statistics on Dutch production, the horticultural sector (including vegetable production) 
offers 26,000 full-time roles on a non-regular basis each year, which in many cases refers to seasonal workers 
(Figure 21 ).  In the case of greenhouse vegetable production, this seasonal / temporary workforce represents 
60% of full-time workers (CBS, 2019), the highest rate among the 12 farming sectors included in the dataset. 
 
Looking at the Rhine-Waal region in particular, data indicates that non-regular workers account for almost 
30% of agricultural workers in North Limburg, revealing that employment in the vegetable sector is in high 
demand, especially at peak seasons (CBS, 2019). Although a seasonal workforce is a logical solution for the 
vegetable sector, this work is often taken up by students or migrant workers (CBS, 2019), and is likely not 
perceived as a long-term career by many. Therefore, the set-up of vegetable-based biomass chains in the 
region is an interesting solution for offering local employment with more attractive career and education 
prospects. BRS are already exploring the feasibility of setting up a ‘BioHub’ in the area surrounding Venlo, 
which could provide 20-50 jobs, among which highly skilled functions are included. The roll-out of these 
facilities, and for example the provision of machinery and equipment services, transport and storage (EFFAT, 
2017), will be key in providing long-term career opportunities in the regional vegetable (biomass) sector. 
 
As for economic impact, a popular product employing BRS technology is an onion flavoured protein-enriched 
fraction from onion residues (onion peels). This product finds a ready market in savoury formulated food 
products, and is a good alternative to several E-number food additives, thus meeting the industrial desire for 
“clean labels”. The protein market is currently characterized by the increased demand for processed and 
healthy food products. Leading companies such as Roquette Frères (France), Burcon Nutrascience 
Corporation (Canada), and Cosucra Groupe Warcoing (Belgium), DSM (Netherlands), Unilever (Netherlands), 
Barentz (Netherlands) and several other players, such as Bobeldijk Food Company (Netherlands), Ruitenberg 
Ingredients (Netherlands), have made significant investments in technology and new product developments 
to provide superior quality, innovative, and cost-effective products to customers. 

They have entered into partnerships, collaboration agreements to increase their global and regional market 
share. Further these players have extended their existing capabilities by innovation and have enhanced their 
geographical presence. BRS’ technology and core competencies are recognized by leading global and regional 
players, including some of those named above, with whom BRS has engaged in discussions to collaborate 
during new product development processes. This strategy is adopted in order to establish long term off-take 
agreements with the industry leaders. 

Figure 21 Non-regular labour Force in agriculture (CBS, 2019) 
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The vegetable (“green”) protein market is increasing in western countries due to the rise in demand for vegan 
and healthy food products, and with a high nutritional profile of vegetable proteins. Furthermore, the 
vegetable protein market is expected to further grow in the developing countries due to the economic growth 
in these countries. Also, changing lifestyles and growing health concerns in various Asian countries is 
triggering the demand for healthy food products, which will lead to an increase in demand for vegetable 
proteins. This growth in demand is also due to its increasing application in a wide range of products such as 
snacks, beverages, nutritional supplements, and meat alternatives & extenders. Vegetable protein will 
become a main ingredient in a great variety of innovative food products. In particular the native egg-white 
characteristics represents a ground-breaking solution for the vegan food industry particularly in offering 
binding functionality. 

Due to the competitive nutritional and functional values of the BRS protein, the food & beverages 
manufacturers and nutritional supplements manufacturers form the target market for BRS. 

3.2.4 Results for grass 

Flow projections for grass biomass residues have been centred around Grassa’s production location in 
Afferden, where biomass can be aggregated and processed. Surrounding this location, there are numerous 
grass biomass production areas within reach. For the purpose of the flow projections, extensive grazing areas 
have been selected as a biomass source, rather than intensive grazing areas which are likely to already be 
fully exploited.  
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Map 27: Flow projections for grass biomass streams with company Grassa as central operator (in Afferden, The 
Netherlands) 
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3.2.4.1 Environment 

Bram Koopman (2020, Grassa) summarised the environmental problems of today’s food system as follows: 
● Two thirds of all agricultural land in the world is used for the production of feed. Biodiversity 

loss must be stopped and reversed 
● By 2050, there will be 10 billion people who need at least 50 grams of protein per day. With 

the current European protein production efficiency (7 kg input for 1 kg yield) three times as 
much nitrogen fertilization will be needed than the world can currently supply 

How can we optimize nitrogen efficiency and land use? 
● Can fodder be grown on land unsuitable for food production? 
● Fertilization efficiency of crops should be improved, including closing nitrogen cycles 
● The use of legumes 
● Increase protein yield per hectare 

It is in this context that biorefinery processes can be implemented with great impact. For example, biorefining 
improves the digestibility of animal feed and increases feed efficiency and makes it possible to use proteins 
in a targeted way. This improved resource efficiency can thus contribute to more sustainable agrifood 
systems that facilitate higher yields with fewer inputs. 

Experiences regarding refined ammonia reduction 
In Zegveld (NL) and Ireland, feed tests have been carried out with refined grass in dairy cattle. In a RuSiTec 
(Rumen Simulation) device, the emission of ammonia and methane can be measured, and provided the 
following results: 

● Nitrogen efficiency: 18% higher 
● Methane emissions: up to 15% lower 
● Ammonia emissions: up to 30% lower 
● Same milk quality 

Map 4 in this report supports the above statement that fodder production is dominating the land use - 
certainly for the Euregio Rhine-Maas. As mentioned in the spotlight on grass production (Section 2.3.3.), 
there are different management regimes in place, of which not all qualify for biomass residue stream 
generation. However, besides agricultural land use and extensive natural areas, grass also grows and is 
harvested along streams, ditches and roadways. According to the Management Guide of the Dutch 
Rijkswaterstad (2013) the verges along the Dutch national roads cover roughly 20,000 hectares. About 80% 
of this is overgrown with herbaceous vegetation, on the rest (about 4600 hectares) woody vegetation grows. 
Along the verges there are often roadside locks, a total of about 4500 kilometres. For example, the banks of 
the Main Road Network (Hoofdvaarwegennet) comprise about 1800 kilometres and there are approximately 
4100 water cribs in the rivers. For an area such as the Euregio Rhine-Waal, it can be assumed that there is 
about 4000-5000 ha roadside and riverside grassland on both German and Dutch grounds which could 
become available - all a potential source of protein and other high value substances.  

A circular-economy approach towards grassland management must be considered as being different from 

other agricultural biomass streams as grasslands are one of the key ecosystems in Europe which host high 

levels of biodiversity for which both traditional and modern management practices are applied. According to 

the European Fauna Flora Habitat Directive (‘Habitats Directive’; European Commission 1992/1995) more 

than 30 grassland habitats (FFH Areas) require protection due to their high interest for biodiversity, for which 

EU Member States are committed to ensure their ‘favourable conservation status’. FFH-Areas are actually 

depicted as Natura 2000-sites on the assessment maps for this report (see Maps 20 and 21). As Ostermann 

(1998) points out, “several of them are the result of long-term human rural practices (‘semi-natural habitats’) 

long-term human rural practices (‘semi-natural habitats’) and their conservation depends on a fragile balance 
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of these continuing activities'. Another relevant category in this respect are the High-Nature Value Farmlands 

as identified and monitored by the JRC of the European Commission in cooperation with the European 

Environment Agency (Paracchini 2008). The latter identified a system of HNV farmlands at the level of 

Member States for which specific conservation policies are suggested.  

 
 

According to van Doorn & Elbersen (2012), a land use analysis of The Netherlands resulted in a validation of 
the existing HNV-Farmland network as identified by the Joint Research Centre (JRC) plus a wide range of not 
yet officially recorded areas (see Map 28). The approximate surface areas of North-Brabant (20.357ha) and 
Gelderland (43.692ha) in the Netherlands and North-Rhine Westphalia (35.529ha) on the German side sum 
up to about 90.000 ha of which about 60% fall 
into the Euregio Rhine-Waal project area in which 
are likely to coincide largely with areas of 
extensive grasslands as identified on Map 27 and 
Table 7. In summary, it can be said, that a circular 
economy business model based on extracting 
high value products from grass biomass streams 
might be well advised to create synergy with 
biodiversity conservation on HNV-farmland areas 
in order to reduce surplus-nitrate loads in these 
systems. This could be achieved by targeted 
grass-biomass retrieval (mowing) according to 
habitat management schemes. This way, farmers 
could become partners of bio-economy. 

Figure 22: HNV type 2, Mosaic landscape near Winterswijk, 
Gelderland (van Doorn & Elbersen 2012) 

 

Map 28: Existing and candidate High Nature Value farmlands in the project area. (Doorn & Elbersen, 2012) 
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Table 7 Extensive grassland/grass* area (ha) and dry matter (t) assessment with Grassa as operating centre. 

Production regions Distance km Extensive grass (ha/DM t) Grass* (DM t) 

Goch/Geldern 20 951/11.412 40.000 

Amersfoort 75 7.020/84.240 240.000 

Arnhem/Nijmegen 40 11.892/142.704 15.000 

Doetinchem/Deventer 70 15.922/191.064               200.000 

Westbetuwe 65 10.005/120.060 160.000 

Bocholt 75 3.241/38.892 30.000 

Roadside & Riverbanks n 4.500/54.000   

TOTAL ha/DM t   53.531/642.372  650.000 

*Dry matter of grass based on data depicted in Map 22.  

3.2.4.2 Socio-Economic 

Although grass production in the Rhine Waal region offers a promising source of widely available biomass, 
its social impact is a little more limited when compared, for example, to the vegetable sector. Grass 
production, which is strongly linked to the livestock and arable farming sectors, is a largely mechanized 
process, which means that at primary production level, employment opportunities are limited. For example, 
non-regular (seasonal) workers in arable farming represent just 5% of full-time roles (CBS, 2019). This 
suggests that biomass processing and valorisation can play a key role in stimulating employment 
opportunities in grass value chains, most likely with skilled or technical roles that are not at primary 
production level. In the context of BIVAC partners, Grassa is of course a key candidate for upscaling activities, 
potentially rolling out processing facilities across the region, generating employment opportunities in the 
Rhine-Waal area. 
 
The economic perspectives for grass-based high value products for both feed and food are actually quite 
promising. Based on a study by Ros (2017),  grass protein product has certain potential economic advantage 
compared to imported soybean meal. Based on the results of the model runs it is concluded that for a fictive  
agricultural region a system of grass biorefineries can be economically viable. The study found that the 
efficiency of a large central installation can be higher than at small local refineries (€23,76 per tonne 
processing costs of fresh grass) and therefore the processing costs per unit of product can be reduced 
compared to small local installations (see Figure 23). When comparing the optimal constellation of large grass 
refineries with price of soybean meal is shows that grass protein product becomes more economically 
attractive if the price of soybean meal is above €330,00 per tonne as it was the case in 2016. Meanwhile, 
soya prices have undergone substantial fluctuations with peaks of up to €461 per tonne in January 2021.  
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Figure 23: Ratio between large central and small local biorefineries dependent on the processing costs at central 
biorefineries; processing costs at small local biorefineries are equal to €23,76 per tonne; H = 0.00 (Ros 2017). 

 

 
 

Figure 24: Soybean Meal Monthly Price - Euro per Metric Ton Dec 2020 - May 2021 (Soybean Meal - Monthly Price (Euro 
per Metric Ton) - Commodity Prices - Price Charts, Data, and News - IndexMundi) 

 
While the author point out, that true competitiveness requires specific case studies, the study points at rather 
large potentials of grass as a marketable protein alternative  for livestock farming.  With regard to the choice 
between large central refineries vs. small decentral ones, BIVAC partner Grassa has made a clear choice:  
after years of testing, Grassa abandoned the concept of a mobile refinery in favour of a large central one. 
The study of Ros (2017), however, assumes - in the way it is set up - that true competitiveness can only be 
achieved if a spatial grid of such central grass refineries can be established. As reference for determining the 
proper size, location and logistics for such a refinery grid Map 27 may offer some useful insights.  
  

https://www.indexmundi.com/commodities/?commodity=soybean-meal&currency=eur
https://www.indexmundi.com/commodities/?commodity=soybean-meal&currency=eur
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3.3 Biomass in the wider NW-European context 

3.3.3 From food demand to biomass supply 

Based on the figures for urban food demand, MFP projects the corresponding land demand figures in the 
form of ‘local hectares’ to those areas of land that can be considered eligible for farming. We hence excluded 
urban areas, waterbodies, nature and landscape conservation sites, forests and other non-farmlands such as 
rocks, beaches and swamps from the analysis. The total area available for agriculture is the area classified in 
Corine Land Cover as agricultural areas, sport and leisure facilities, green urban areas, natural grasslands and 
sparsely vegetated areas, minus the protected areas in Natura2000. The radii of the “Metro-Food-Ring” and 
the “Transition Zone” are calculated based on the total demand in ha for the population and the total area 
available for agriculture per ring. 

 

 
Map 30: The ARD-Region in both the Metropolitan Footprint Planner with dominant crop types and in the Global 
Metropolitan Detector (see inset at top right) mapping context 

Map 30 shows the results of the area demand calculation with the subsequent spatial projection onto the 
HSMU-Land use supply areas. Here we see for each metropolitan region (1) the Metropolitan Food Rings as 
the inner ring around the central cities which already include adjacent large cities such as Cologne and 
Dortmund in the case of Düsseldorf, followed by (2) the Transition Zones which are partially overlapping. We 
see that the Transition Zones include other large metropoles such as Brussels in Belgium as well as Bonn and 
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Hamm in Germany. Based on NUTS3 regional boundaries we show the outline of the 3-Cities Triangle as well 
as a virtual triangle connecting the three regions.  

A first-hand interpretation of the Map 30 leads to the conclusion that Natura 2000 sites are mainly located 
in the Transition Zone – with the Ardennes and Rhön landscapes between the Ruhrgebiet and Belgium Metro-
Food Ring. Other Natura 2000 sites are located exactly at the Western periphery of the Regierungsbezirk 
Düsseldorf along the natural boundary Maas between Nijmegen and Roermond, equally along the Rhine 
between Duisburg and Emmerich. Large proportions of the Metropolitan Food Rings of all three regions are 
dominated by crop-rotation food types wheat-sugarbeet-potato; e.g. the Western part of the Met-Region 
Düsseldorf, the South of Rotterdam (Hoekse Waard) and the Flemish region in the West of Antwerp. It is 
interesting to see that feed crops for livestock rearing (‘fodder’) dominates the central region in the 
overlapping Transition Zones of all three Met-Regions. The MRDH-region takes an exceptional position with 
regard to the extent of grassland dominating major proportions of both the Metro Food Ring and TZ in the 
landscapes to the East. It can be seen how the spatial planning concept of the Dutch Green Heart has resulted 
in open grassland dominated space reaching right up to the MRDH-boundary. Also in the East of the Met-
Region Düsseldorf, grasslands are a dominating factor. Belgium, on the contrary lacks these types extensive 
grasslands regions. Another specific land use case is the fruit growing region stretching South from the 
Hollandse Diep which is still part of the MRDH’s Metro-Food-Ring.     

3.3.1 Underlying rationale of the assessment 

Exploring dimensions of sustainability of circular vs linear economy relates to a good understanding of the 
available biomasses (both quality and quantity) deriving from the current food system. Here, agricultural 
production plays a key role as a reliable proxi-indicator for the expected biomass volumes. Ideally, we would 
add data from the food industry to complement the primary biomass stream, but access to data on 
processing is rather incomplete and patchy. Even for those BIVAC stakeholders with whom we have been in 
touch with (e.g. Laarakker or Carl Kühne KG) we only have very partial data and there still are no sufficient 
research results on biomass value chains related to the food industry. 
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While in the previous sections we have looked primarily at the Rhine-Waal Region as the defining project 
area, most of our maps allow views on the wider geographic context. Meanwhile it is widely acknowledged 
that environmental and socio-economic processes are not or only scarcely affected by national or policy 
boundaries. Though biomass trafficking might be one of the exception to this rule - due to national 
legislations regulating the import and export of waste streams (see European Waste Shipment Regulation at 
the level of the EU and the relevant Dutch and German policies) - the European food system, and especially 
the Dutch food system, is mainly driven by international business relations. Additionally,  BIVAC stakeholders 
such as Kühne, Laarakker and Pfeifere & Langen operate at the global level with biomass residue-streams 
being managed across large distances. Research undertaken by the TU Delft in the framework of the Horizon 
2020 REPAiR project (www.h2020repair.eu) has shown that more than nine million kilometres are driven 
each year to transport the waste produced in Amsterdam alone - with transport pathways reaching out into 
the Rhine-Waal Region as well (see Map 29). 

 
Map 29: Impact of all the waste produced in the Amsterdam Metropolitan Area on the Dutch road network. For each 
part of the road network, one can see how much CO2 (with red denoting high emissions) was emitted by waste transport 
in the year 2016 (TU Delft, 2016) 

 
 
Though regional cooperation is taking a central role in the Dutch-German BIVAC project, the wider 
international context will always be part of a bio-economic approach that involves large industry partners. 
The example of BRS/Kühne and Phytowelt/Cargill illustrates that even SMEs are becoming part of 
international networks once they enter ‘over-the-fence’-partnerships or attract clients from remote 
locations.  Supporting this view, Map 32 of the next chapter illustrates how the Rhine-Waal Region is already 
now closely linked with Rotterdam harbour in the Netherlands and with the Ruhrgebiet in Germany.  

We hence took a step back to look at wider North-West Europe, the so-called ARD-region which includes 
Antwerp in Belgium with the second largest harbour of Europe and a major fruit and vegetable production 
location in the so-called Flemish Diamond region, Rotterdam in the Netherlands hosting Europe’s largest 

https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32006R1013&from=NL
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harbor and the largest greenhouse production area,  and Düsseldorf in Germany, the metropole region in 
the heart of the Ruhrgebiet which includes the horticultural production hotspot of Straelen. In 2016 we had 
undertaken an ecological footprint analysis based on similar data sets which were used for part of this report. 
This analysis provides an overview on how the available productive agricultural land relates to the food 
demands of the populations in these three metropolitan regions and what this means for future land use 
development.  

The starting point of an ecological footprint assessment is the food demand data – thus the consumption 
patterns of people. Though preferences and needs differ of course across the different regions of the world 
and also within Europe – even within countries – census data is in principle available at most national levels.  
Key to the assessment, however, is not the availability of food consumption data, but its transfer to ‘global 
hectares’ of productive agricultural lands. Here another complicating factor comes into the picture: regional 
productivity (‘yields’) depends on many factors such as soil, climate, technology and culture.  

Table 8 Ecological footprints in global and local hectares based on the population figures for the three case study areas 
(Wascher, 2016) 

Sources:  
*EUREAPA online scenario 
modelling and policy 
assessment tool (Briggs 2011) 
**National references and 
estimates based on EFSA 
(2011) 
 
 
 

Based on ecological footprint calculation (based on yearly food demand), we calculate the available supply 
of agricultural land based on the population number per metropolitan region in all three countries, namely: 

• Regierungsbezirk (district authority) Düsseldorf with Krefeld-Rhein (5.1 million inhabitants/TZ: 12.2 
million inhabitants) 

• Vlaamse Ruit (Flemish Diamond)  around Antwerp, Ghent and Leuven (1.4 million inhabitants/ TZ: 
5.1 million inhabitants) 

• Metropolregio Rotterdam-Den Haag (MRDH) in the Netherlands (2.2 million inhabitants /TZ: 6.8 
million inhabitants) 

3.3.2 Method and indicators 

The Metropolitan Foodscape Planner tool (MFP) allows users to detect concrete spatial locations and the 

available amounts of suitable farmland (supply) around cities for the most essential food groups on the basis 

of urban population figures (demand). MFP is a dynamic tool in the sense that users can directly undertake 

– by drawing with a pen or their fingers on a digital MapTable – land use changes in response to the footprint 

assessments which are provided by a geographic information system. MFP allows the spatial allocation up to 

13 food groups (depending on the respective case) making use of the European data sets shown in Table 9.  

 

MFP requires a series of data management and GIS operations to be performed in MS Excel and ESRI ArcGIS 

Pro. Using the example of the Rotterdam Metropolitan Region procedure (Wascher et al 2015), we will 

illustrate the following sequence of steps that are required, namely 1) Create the dynamic footprint-driven 

spatial zoning framework (von Thünen 1823), disaggregate the CORINE land cover units to arrive at distinctive 
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land use types in form of commodity groups (HSMU), and 3) establish commodity group allocation rules on 

the basis of landscape units (LANMAP). 

 

Table 9 Data Layers applied in the MFP model. 

Data Layer Source 

City centre Topographic baseline 

Corine Land Cover 2020 https://land.copernicus.eu/pan-european/corine-land-cover/clc-2000 

Natura2000 (versions 2020) https://www.natura2000.nl/ 

FSU (2019) 

 

Farm Structure Units (FSU) as modelled by CAPRI (Kempen et al. 2005) 

and Eurostat crop area data disaggregated to FSUs by CAPRI. 

https://ec.europa.eu/jrc/en/research-topic/crop-yield-forecasting 

 

Though less accurate as the national land use survey data, FSU is available for the whole of Europe, allowing 
direct top-down assessments without resource-consuming data gathering procedures. 

The differences between countries derive from the different consumption patterns. It should be noted that 
Belgium is also taking a lead role in terms of high ecological footprint results in other sources (Bruers & 
Vandenberghe 2014). The Metropolitan Foodscape Planner tool (MFP) uses the EFSA demand statistics for 
identifying 12 categories of crops/land use, namely: (1) wheat, (2) other cereals, (3) rice, (4) oil crops, (5) 
pulses, (6) potatoes, (7) sugar beet, (8) vegetables, (9) fruits, (10) wine grapes, (11) food crops and (12) 
grasslands. For further insights into the methodology of the MFP we point at the report by Wascher & 
Jeurissen (2016). 

 

3.3.4 Results  

The statistical assessment on the basis of the ecological footprint data for all three metropolitan sites in the 
ARD-region is depicted in one conclusive graph (see Figure 25). These calculations provide interesting insights 
to the demand-supply relationships that can be found in both the Metro-Food-Rings as well as in the 
Transition Zones of each case. Below a short summary of these findings. 

Metropolitan Region Flemish Diamond (1,300 km2, 1,4 million citizens) 
In both the MFR and Transition Zone, we recognize a severe deficit of grassland supply compared to demand, 
the latter being more than twice as high. Within the MFR-Zone, there is a clear over-supply (about 200%) 
with land use dedicated to fodder plants. The fruit supply is falling short of meeting the demand, whereas 
there are more than three times as many vegetables as needed. This supply is especially thanks to the region 
around Sint-Truiden in Flemish-Brabant with more than 3000 ha apple and pear trees. The supply with both 
rotation crops (potatoes-sugar beet-wheat) and ‘other cereals’ is clearly larger than the demand in both MFR 
and TZ. 

Metropolitan Region Rotterdam Den Haag (1,130 km2, 2,2 million citizens) 
The MFR agricultural land requirement is approximately twice as large the total surface area of the 
metropolitan region. This region includes a total of 6.8 million people which require a TZ that is about three 
times as large as the MFR. As mentioned earlier, grassland demand and supply are in a reasonable balance – 
mainly due to the spatial policies protecting the Green Heart and Delfland which is dominated by grazing 
land. Not included in this assessment is the production volume of the greenhouse areas, e.g. Westland and 
Oostland. In Westland-Oostland, the net production area for vegetables is around 1.900 hectares, which is 
about two thirds of the total vegetable-greenhouse surface area of the Netherlands. With the dominant 
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vegetable products tomatoes, cucumbers and paprika making just about one third of the yearly vegetable 
diet, the greenhouse production supply capacity can be estimated to cover the yearly demand of more than 
23 million people – so much more than the total Dutch population (17 million). However, 95% of the 
tomatoes, 90% of the paprika and 80% of the cucumbers are being exported to other European and global 
location. In order to capture this part of the assessment please see Figure 23 with specifications for the 
greenhouse production taking into account Westland-Oostland production capacities (Must 2015). With 
regard to the other food crops, livestock feed is in deficit in MFR, but in approximate balance in TZ. There are 
clear over-supplies for rotation crops in both zones of MRDH. Fruit supply is smaller than demand.     
 

The Metropolitan Region Düsseldorf (5,300 km2, 5,1 million citizens) 

The difference between the metropolitan area’s surface and the MFR is relatively small: only 70.000 hectares 
of additional production land is needed. This is undoubtedly linked to the more fragmented and diverse land 
use within the metropolitan zone allowing for agricultural production. Here we see that the existing supply 
with grassland is almost matching the demand side to the full extent, at least in the Transition Zone. There is 
a substantial over-supply for ‘rotation-crops’ within the Metro-Food-Ring and also a clear oversupply of the 
category ‘0ther cereals’ in both MFR and TZ. Interestingly there is almost a match between supply and 
demand for vegetables, but clearly a deficit of fruit production in both MFR and TZ. The demand for livestock 
feed production is twice as high in the TZ and even about three times as high in the MFR. With regard to the 
regional supply potential of the MFR-zone it can be stated that fruit and vegetable production in a relative 
balance, especially when taking into account the TZ. 
  

 
Figure 25: The regional food demand-supply balance assessment on the basis of the ecological footprint calculations for 
the three metropolitan areas in the ARD-region. 

3.3.5 General observations 

The assessment above based on metropolitan footprint calculations and GIS-based identification of current 
food supply in terms of existing land use areas allows the following observations: 
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• Beside depending on the size of the population and their region-specific consumption patterns, 
the size of MFR and TZ is strongly depending on land use structure within the metropolitan areas 
– thus the density of the urbanisation. 

• Grasslands and Crop-Rotation take the largest shares with regard to supply, matching the 
demand in the German and Dutch case, but not in the Flemish Diamond region. 

• For livestock feed products (‘fodder’) and open-field vegetables the Flemish Diamond is also 
different: it is the only region where the supply is larger than the demand. 

• The inclusion of the Dutch greenhouse (‘glastuinbouw’) areas of Westland and Oostland change 
the picture for potential supply dramatically, pointing at regional alternatives; 

• Fruit demand is notoriously undersupplied with exception of the TZ in the Dutch region. 
 

3.3.6 Wider Socio-Economic Implications of a Circular Economy 

The Netherlands and Germany have been long-standing players in the European agricultural sector, with 54% 
and 47% of land being used for agricultural 
production in each country respectively (FAO via 
World Bank, 2018). However, after the Green 
Revolution in the 1960’s, the agricultural sectors in 
each country have taken advantage of economies 
of scale and mechanisation, which has in turn had 
significant impact on the social aspects of the 
industry, particularly employment. Despite roughly 
half of all land in each country being allocated for 
agricultural use, the percentage of the population 
employed in agriculture sits at just 2.08% in the 
Netherlands, and 1.25% in Germany (ILO via World 
Bank, 2019). 

Focusing more closely on employment in the 
Rhine-Waal region, the unemployment rate was 
recorded at 6.2% in 2017 (ERW, 2017) , higher than 
the national averages of 4.48% (NL) and 3.75% (DE) 
(ILO via World Bank, 2017). This indicates that 
there is a need for improved employment 
opportunities in the region, which the circular 
economy may be able to support. Taking the 
Netherlands as an example in Map 31, it can be 
seen that the border region has a notably low 
concentration of circular employment (indicated by 
light blue / white), whilst the Randstad region 

benefits from higher employment in this sector (indicated by dark blue). In total it is estimated that 8.1% of 
jobs in the Netherlands can be classified as circular (Circle Economy & Ehero, 2015). Although this figure 
seems minimal, this also offer the opportunity for significant growth by transitioning to a circular economy. 
It should also be noted that employment opportunities in the circular economy can refer to three different 
types: core jobs (e.g. biomass processor), enabling jobs (e.g. biomass trade association) and indirect jobs (e.g. 
educators & trainers) (Circle Economy & Ehero, 2015). 

Research indicates that a Europe-wide transition to a more circular economy could result in the creation of 
700,000 jobs, more than 600,000 of which would be related to waste management (Cambridge Econometrics, 
Trinomics & ICF, 2018). This provides a promising insight into the potential impact of biomass stream 
management. 

Map 31 Overview of Direct Circular Employment in the 
Netherlands (Circle Economy & Ehero, 2015) 
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The Euregio Rhine-Waal (ERW) itself has also recognised the circular economy as an opportunity for increased 
innovation, job creation and climate impact, as indicated in their Strategic Agenda for 2025. In this agenda, 
the ERW has committed to stimulating at least 2000 businesses in the region to develop innovations that 
contribute to the climate approach (ERW, 2020). Circular economy, agriculture and horticulture are all 
highlighted in this strategy as sectors for innovation. In order to take advantage of new opportunities 
stimulated in the circular economy, relevant training and educational opportunities will be key for facilitating 
this transition. These educational opportunities are not only relevant for younger generations but will also 
be essential for the older demographic of the working population to participate in re-training and ‘upskilling’ 
where necessary. This is particularly relevant considering that both the Netherlands and Germany are both 
facing the challenges of an aging population. This, combined with urbanization trends, has resulted in urban 
centres booming, whilst rural regions often lag behind in terms of population growth, economic growth and 
educational opportunities. 
 
However, statistics from the Rhine-Waal region offer a more promising side to the story, whereby 70% of 
young people in vocational training wish to remain in the ERW area (ERW, 2020). This gives a positive 
indicator that if relevant education and jobs can be provided, that the area can mitigate impacts of 
urbanization and aging populations. As concluded in research by TNO, it is essential to ensure that 
educational opportunities and curricula meet the needs of the circular economy (TNO, 2013) . For example, 
in the case of biomass streams in the ERW, it should be carefully considered which educational programmes 
need to be provided in order to train future employees in biomass processing, logistics and management. 
Technical functions are likely to be essential for this, requiring the set-up of relevant vocational programmes. 
As indicated in the ERW strategic agenda, the provision of internship or traineeship places across the border 
region will be essential for integrating young people into relevant fields of work, both in German and Dutch 
organisations and companies (ERW, 2020). Facilitating these cross-border exchanges will not only increase 
job prospects for young people on an individual level, but will improve the resilience of the region and 
contribute to collaborative relationships that support sectoral development, in this case for biomass streams. 
 
In this sense, the Rhine Waal region benefits from the presence of local research and educational institutes 
such as Brightlands Campus Greenport Venlo, HAS Hogeschool (Den Bosch), Hochschule Rhein-Waal (Kleve 
& Kamp-Lintfort), Radboud University (Nijmegen), and various vocational institutes such as Helicon. For 
example, the Bio-based Industries Consortium estimates that by 2030, 80% of jobs in the European 
bioeconomy will be located in rural areas, the majority of which will be highly-skilled functions (Bio-based 
Industries Consortium, 2017). This is a promising figure in the case of the ERW, underpinning the employment 
potential in biomass streams across the region. It is also worth noting that by stimulating highly-skilled jobs, 
the educational and career prospects of those in rural areas can be greatly improved, encouraging young 
people to remain in their local area, rather than moving to urban centres for work and education. Although 
the agricultural sector, and therefore the biomass sector by association, has traditionally been a male-
dominated field, the availability of new, more diverse job roles may also stimulate the involvement of women 
in this sector as innovation continues. 
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4. Community of Practice vs. Over-The-Fence Partnerships  

4.1 Existing Networks  

4.1.1 Stakeholder Mapping 

 
As displayed in Map 32, the Euregion Rhine Waal has a promising number of highly relevant actors and 
stakeholders linked to the biomass sector, many of whom are already active in the BIVAC project itself. These 
stakeholders will play diverse roles in the development of the biomass sector in the region, including biomass 
producers, food and biomass processors, technology suppliers, transporters and knowledge providers. 
 
However, the biomass sector is not yet well established in the area, as activities remain fragmented and often 
limited to companies specialising in this field, rather than being an overarching sector that is integrated with 
diverse agrifood industries. Therefore, it is essential to map and link relevant actors, and onboard the existing 
network with a common vision that contributes to the development of a community of practice. It is also 
worth noting that in general, existing stakeholders interviewed as part of this research responded positively 
to connecting to other relevant stakeholders in the region. 
 
Using the partners and candidate hubs included in Map 32 as a basis, it is possible to map the existing 
stakeholder network according to the level of influence and interest each stakeholder has in the biomass 
sector. This mapping is shown in Figure 26, indicating level of biomass volume trafficking on the Y axis, and 
innovation pyramid on the X axis. In addition, other relevant stakeholder types that have not been directly 
approached in this research have also been included.  
 

 
Figure 26: Assessment of stakeholder according to biomass volume vs. innovation pyramid 
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The observed fragmentation is not necessarily reflecting the perception of the involved players since these 
are engaged in multiple business networks of their own. However, from the perspective of a circular economy 
approach, it appears that a wide range of potential biomass streams are not yet part of a wider network and 
that obvious synergy opportunities are far from being recognized. Overcoming this fragmentation can be 
pursued by establishing a so-called Community of Practice network (Wenger, 1998) , consisting of a wide 
range of stakeholders that share an interest in regional bio-economy, or by other models such as ‘over-the-
fence’-partnerships between just key partners of a common business interest. Obviously, both models can 
co-exist and can evolve from each other.   
 
 

 
Map 32: Logistics of the Euregio Rhine-Waal in context of hubs and BIVAC partners 
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The stakeholder mapping also allows us to comment on the relationship between Market Closeness and 
Influence that can assist us in the development of relevant strategies pertaining to the engagement and 
inclusion of stakeholders in sector activities (see Figure 27). Mapping categories can be described as follows:  
 

1) Low Market Closeness x Low Influence - these stakeholders should be monitored, though direct 
engagement is not necessary. 

2) Low Market Closeness x High Influence - these stakeholders are necessary for the success of the 
sector, though their intrinsic interest may be limited. Therefore, it is essential to keep these 
stakeholders satisfied to ensure their participation in the sector.  

3) High Market Closeness x Low Influence - these stakeholders are highly relevant to the sector, though 
their sphere of influence is limited. In this case it is essential to keep these stakeholders well informed 
regarding sector developments, maintaining engagement and building relationships in the case that 
their influence increases and more impact can be achieved.  

4) High Market Closeness x High Influence - these stakeholders can be considered ‘key players’ in the 
sector, and may be providing essential resources for the sector's success. Relationships with these 
stakeholders should be managed closely.  

 

 
Figure 27: Assessment of stakeholder according to influence vs. market closeness 

It should not be forgotten that this mapping is dynamic, and stakeholder positions are likely to change, 
particularly in innovative sectors such as biomass chains. Disruptive innovation is also likely to be seen, and 
may even alter the status quo of the industry. This dynamic quality of the stakeholder network is also 
essential for the success of the sector, as new collaborations and links between stakeholders will be needed 
in order to facilitate certain activities, technological developments and market access. It is through these 
dynamic collaborations that the biomass sector will be able to grow from a fragmented set of initiatives and 
cooperative relationships, to an integrated network of collaborative and aligned stakeholders.  
 

St
ak

eh
o

ld
er

 In
fl

u
en

ce
 



 

68 
 

BIVAC T5.4 | SusMetro EU 

4.1.2 Other Relevant Initiatives 

 
In particular, it should be noted that the current biomass network in the ERW is not clearly centralised 
through a particular initiative or leading partner. For example, although projects such as BIVAC are highly 
valuable in connecting relevant actors towards a common goal, other initiatives and projects active in this 
field are not directly linked to one another. The following projects are of special interest: 
 

● CIRCULAR-BIO (www.http://circular-bio.com) is an Interreg-Project led by BIVAC partners CLIB 
addressing the growing demand for biomass components from different market in an 
environmentally friendly way. The focus will be on identifying new business models, identifying and 
analysing biogenic resources and waste streams (including appropriate supply chains) and promoting 
qualifications. . The associated Circular Bioeconomy Network brings together professionals from 
agriculture, manufacturing, chemistry, logistics, waste management, municipalities and regional 
economic development agencies in an effort to create new business models and value chains in the 
interregional area and to pave the way for a circular bioeconomy 

 
● CONUS (https://conus.nrw) stands for Competence Network for Urban-industrial Supply and is led 

by the University Duisburg-Essen (DE). The project brings together  universities, municipalities, 
companies and other civil and public actors from the Lower Rhine to jointly develop innovative and 
digital solutions at the interface of urban and rural areas in the region and in the neighbouring 
country of the Netherlands in order to achieve the overarching goal of climate protection - especially 
the reduction of the ecological footprint. To this end, different innovations are tested in living labs, 
e.g. autonomous driving, highly digitalised agriculture, collaborative food supply and bio-based raw 
materials. The CONUS project is funded by the European Regional Development Fund (ERDF) and the 
state of NRW. 

● AGROPOLE (AGROPOLE – Deutsch-niederländische Zusammenarbeit in einer der bedeutendsten 
Agrobusiness-Regionen Europas (agrobusiness-niederrhein.de)). The project "Growth and 
Development towards a Cross-Border Agropolis" is coordinated by Agrobusiness Niederrhein e.V. in 
cooperation with Brightlands Campus Greenport Venlo and the municipality of Venray.  The goal of  
developing the Dutch-German cross-border region into the most innovative and therefore most 
competitive agrobusiness region in Europe is supported by aligning a string of many small and 
continuous measures such as events, written and pictorial information, linking companies with 
students and schoolchildren. This is an Interreg proejct with co-financing by partners and 
communities from the region.  
 

● SPaCiH (SPaCiH - SmartPark City Hubs und virtuelle Infrastruktur - EFRE.NRW (uni-due.de) , 
coordinated by the University Duisburg-Essen addresses the prototypical and pre-competitive 
development of a network of SmartPark City hubs that reduces delivery traffic, accelerates the 
transport of goods and increases sustainability not only on the last mile, but also in the preceding 
regional supply ("penultimate mile"), through the use of alternative means of transport. The 
development and implementation of a business model based on this is carried out in a participatory 
manner by involving the identified relevant stakeholders in the development process via the method 
of a "Living Lab". The results will be published by the consortium in a guideline for action. The study 
regions are the lower Lower Rhine and the western Ruhr area. The project is funded by the European 
Regional Development Fund (ERDF) and the state of NRW. 

 
● ZCORE is led by TNE (ZCORE: Seaweed Residues for Superior Bio-Coatings (relement.eu)) Fast-

growing seaweed is used to produce high-value proteins. A by-product is non-edible sugars streams, 
a potential valuable raw material for the chemical industry. In this project, these sugars will be 
converted to biobased aromatics which will be tested in coatings applications. By late 2022, this will 

about:blank
https://conus.nrw/
https://www.agrobusiness-niederrhein.de/projekte/agropole
https://www.agrobusiness-niederrhein.de/projekte/agropole
https://www.uni-due.de/zlv/spacih.php
https://www.relement.eu/zcore-seaweed-residues-for-superior-bio-coatings
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result in 100% biobased alkyd resin coatings that are more durable, cost-effective and sustainable 
when compared to their fossil-based counterparts. The ZCORE project will positively contribute to 
CO2 reduction and help to strengthen the chemical industry as well as the open innovation network 
in the south of the Netherlands. The project is funded by the European Regional Development Fund 
and the provinces of Noord-Brabant, Zeeland and Limburg in the context of OPZuid. 

 
With both the CIRCULAR-BIO and CONUS project BIVAC, coordinator Dirk Wascher has established contacts 
and shared research results in Spring 2021. It is highly recommended to engage these initiatives in future 
steps, in order to centralise and aggregate resources for sector development.  

4.1.3 Gaps in the Network 

Although the existing stakeholder network offers a promising springboard for the biomass sector 
development, it should also be acknowledged that some stakeholders are missing from or are certainly not 
fully covered by the network. For example:  
 

● Dedicated biomass logistics providers 
● Dedicated biomass storage providers  
● Technical training providers 
● Biomass traders/brokers 
● Biomass industry platforms / representative 

 
We hence recommend further exploration of the above stakeholder groups as biomass networks consolidate.  

4.2 Future Stakeholder Ecosystems 

Now that the relevant stakeholders in the Rhine-Waal Euregion have been mapped out, it is possible to 
consider the possibilities for building a Community of Practice (CoP) for the biomass sector. For the purposes 
of this research, we can consider a CoP as a network of stakeholders involved in the sector, who are actively 
exchanging with one another for the purpose of sector development. With the analyses shown in Figures 26 
and 27 in mind, there are some key observations that can be taken forward for the development of a CoP in 
the Rhine-Waal region, which can underpin the strategies and approach that such a CoP could take. 

4.2.1 Stakeholder Observations 

For example, looking at Figure 26, we can see that larger organisations are handling, quite logically, higher 
volumes of biomass, whilst their engagement in innovation varies, with most stakeholders leaning towards 
the lower end of the engagement spectrum. On the other hand, we see that small-medium enterprises 
(SMEs) are for the most part highly engaged with innovation, in some cases as pioneers, though they are not 
handling high volumes of biomass. This shows an interesting contrast between the stakeholders, that is 
reflected in many industries: Large players with high capacity and advantage of economies of scale, but 
limited flexibility and capacity for innovation; and SME scale players who are extremely adaptive and 
innovative, though are not yet able to achieve economies of scale. 

Although these contrasting positions may seem inevitable, and almost prescribed in the set-up of a new 
sector, it does highlight the need for the development of a sector platform where both stakeholder types can 
have a seat at the table. By facilitating dialogue between these stakeholder archetypes, in a neutral, non-
competitive environment, it is possible to identify opportunities for collaboration, mutual interest and 
barriers that can only be addressed through collective action. 

The need for such a platform is also found in analysing Figure 27, where large-scale biomass producers and 
processors hold most of the influence, whilst SMEs have a lower influence on the sector. In addition, 
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educational, research and knowledge institutes also have low influence on the sector, though are of course 
essential to the long-term prospects of the industry. As for closeness to market, this is much more 
stakeholder-specific and less archetypal. Nonetheless, we see knowledge and educational institutes with very 
limited closeness to the market, as could be expected. Other stakeholders, for example BRS, Grassa, 
Phytowelt and small-medium scale biomass producers, are indeed close to the market due to the nature of 
their activities (processing, provision of technology, primary production). As for the larger players, their 
closeness to the feed/food market is largely dependent on their position in the value chain. For example, 
Pfeifer & Langen and Carl Kühne KG are both producing food products that are widely distributed in the 
market. This brings them a step closer to the market than Cargill, for example, that is often producing semi-
finished products for further processing or trading raw ingredients. It should be noted that the market in 
question is not the same for all stakeholders; for example, Carl Kühne KG may be predominantly dealing with 
wholesalers or supermarket chains, whilst BRS is likely dealing with food processors in need of specific 
ingredients. This again shows the dynamic nature of such an industry, and the need for transparent, regular 
dialogue between stakeholders to ensure that stakeholder interests are clearly communicated. 

4.2.2 Facilitating a CoP in the Rhine-Waal Biomass Sector 

Based on the above observations, as well as a selection of stakeholder interviews conducted as part of this 
research, it is clear that stakeholders are not only willing to collaborate but will need to in order to overcome 
the fragmented nature of the sector at present, and to create a level playing field for the stakeholders 
involved. This provides a strong reasoning for the proposal of a Community of Practice that includes all 
relevant existing (and future) stakeholders in the Rhine-Waal Biomass sector. To make this a reality, it is key 
to form a platform and/or partnerships - beyond temporary project environments - in which stakeholders 
can communicate in neutral territory, with a common goal. Therefore, it may be necessary to set up a new 
entity that will take on the role of this platform, which will retain an independent position and does not take 
up any competitive activities. In this platform, it is recommended to invite a diverse range of stakeholders, 
covering the entire value chain: 

● Biomass producers (large/medium scale, cooperatives, associations) 
● Biomass processors (industrial outputs) 
● Food processors (ingredient and food outputs) 
● Technology providers 
● Logistics & storage providers 
● Biomass buyers / traders 

In addition, it can also be beneficial to invite relevant stakeholders who are not directly involved in the value 
chain as observing or associated members, such as: 

● Research institutes 
● Educational institutes 
● Local authorities 
● Environmental advisors 

The inclusion of these stakeholders as observing or associated members can ensure that relevant information 
is well communicated, and feedback from these stakeholders can be collected for integration into platform 
discussions. In the case of educational and research institutes, this offers a great opportunity for engaging 
them with industry partners, which can lead to improved communication of sector needs, and facilitation of 
relevant training and research programmes. 
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As this platform is set-up, it will also be essential to 
define the scope and conditions of platform 
participation. For example, what is the platform 
purpose, do all stakeholders agree? Which working 
groups will be implemented? What confidentiality 
measures are in place and how will conflict of 
interest be handled? How will platform agreements, 
needs and outcomes be publicised or 
communicated? 

In a very basic state, such a CoP Platform could look 
as displayed in Figure 28. 

Once such a CoP is in place, the platform will have 
an essential facilitating role in the ERW and may also 
be a starting point for the development of across-
the-fence partnerships among members. Therefore, 
these two mechanisms for accelerating the 
development of the sector are not necessarily 
mutually exclusive and can be used in parallel to 
build robust partnerships between sector 
stakeholders. 

Looking at the CoP in particular, after a selection of stakeholder interviews, it appears that there are already 
a number of themes that could be addressed by a CoP, including:  

● Sourcing of high volumes of biomass and management of seasonal peaks 
● Aggregation of biomass with sufficient quality and HACCP measures 
● Co-creation of innovative products (for food & feed industry)  
● Dedicated logistical arrangements  
● Geographical clustering of activities for mutual advantage 
● Piloting and upscaling planning 

In addition, as the biomass sector in ERW is still in the inception phase, such a CoP could also offer 
opportunities for lobbying, funding acquisition and visibility.  

4.2.3 Over-the-fence Partnerships 

Following-up on the observed dichotomies between different scales - frequently referred to as the ‘economy 
of scale’ - brings cooperation ‘across-the-fence’ into the focus of attention. This means that tech-partners 
could offer their services directly to the producers of biomass who in turn purchases the high value products 
in a joint venture. In the case of the Kühne KG, this means that BRS could build a fermentation plant directly 
on or next to the company site to produce the taste or protein ingredients for a product line of the Kühne 
KG. Another example relates to the operations of Cargill, one of the largest biomass industry players at global 
scale and located in the direct vicinity of the Rhine-Maas Region, namely in Krefeld. In a recent exchange, 
BIVAC coordinator Phytowelt and Cargill explored ‘over-the-fence’ business opportunities regarding the use 
of sugars from the wheat fermentation plant in Krefeld as large-scale input for producing Astaxanthin as 
direct input to fish feed for Salmon by Cargill-daughter Evos. In this case, Phytowelt could consider 
establishing a production unit for Astaxanthin in the direct proximity of the fermentation plant in Krefeld.  

‘Over-the-Fence’-partnerships are pointing at a trend in bio-economy which researchers are increasingly 
interested in. As Alexander Wandle from TU Delft explains; “Transitioning to smaller-scale production and 

Figure 28: Proposed CoP Structure. (Resilient Cities Network, 
2020) 
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distribution chains based on the re-use requires a different set-up. For instance, short distances and efficient 
connections between facilities for the collection of waste, recycling raw materials and the production of semi-
manufactured - or different types of storage space. Where do you need to create, reserve and re-develop 
space in areas where there are already competing claims on space? How do you accommodate functions, 
buildings and infrastructure so that the space is not degraded in terms of quality, and preferably gains in 
quality?” 

For small tech partners, ‘over-the-fence’ solutions are often also financially and organisationally more 
attractive. Both Community of Practice as well as ‘over-the-fence’-partnerships require trust and long-term 
perspectives between partners.  
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5. Transition Pathways in a Bio-Economy 
 
The main objective of the BIVAC project has been to test and develop small quantities of selected agricultural 

residues from the Euregio Rhine-Waal between Germany and The Netherlands for the purpose of creating 

new, sustainable and climate-friendly products for the feed, food, cosmetics and health market and this at 

competitive prices. Consequently, most of the resources have been invested into moving Technological 

Readiness Levels (TRL) up from 3 towards 5: thorough testing of prototyping in a representative environment. 

Already at TRL 6, prototyping implementations on full-scale realistic problems is required. Part of these 

‘realistic problems’ are the availability of the residue streams in question, their distribution in the region, the 

infrastructure to allow large scale production and distribution as well as the necessary mechanisms by social 

and policy innovation to allow market uptake (consumption) as well as better regulations and supportive 

measures.  

 

The resource analysis for residue streams from agriculture such as for the spotlight biomass streams 

vegetables, sugar beet and grass as well as for single crops such as leek, peas and onions has demonstrated 

that the participating companies are well located to access sufficiently large amounts of raw material to 

upscale their current business cases towards industrial levels: 

 

• Sugar beet residue streams inside the Euregio Rhine-Waal amount to about 25.000t DMS. In the 

region where sugar company Pfeifer & Langen is located (Elsdorf & Jülich), we actually find about 

60.000t of DMS in a radius of about 45km. Other extensive sugar beet productions areas are West of 

Chemelot and in the Flevopolder. 

• Onion biomass residues (peels and leaves) are more or less equally distributed within the Euregio 

Rhine-Waal with larger productions on the Dutch side. For BIVAC partner Biorefinery Solutions, ca 

3000 DMS tons are accessible in the Euregio, with an additional 54.000 DMS tons from nearby 

Flevoland – allowing for large-scale protein production. 

• Extensive grassland residues are – at least in principle – available at large quantities: 650.000 tons of 

dry matter in Euregio alone. With 55% protein content in grass-pulp, these are tremendous resources 

for overcoming two key problems: replacing soya as protein source and reducing nitrogen in 

remaining feed that is being returned to the famers.  

• High value fractions of sugar as byproducts from the above feed and food innovation, but also the 

residue streams of sugar beet farming, can be used as key input for fermentation and  processes at 

Phytowelt, allowing the production of astaxanthin, a colouring and flavouring agent as well as a 

health drug with a market value of €700 to €2,000 per kilo.  

 

Despite these promising perspectives there are still numerous challenges ahead when moving further up the 

TRL-ladder. While regional cooperation taking a central role in the Dutch-German BIVAC project, the wider 

international context will always be part of a bio-economic approach that involves large industry partners. 

The examples of ongoing liasons between BRS and food giant Kühne or Phytowelt and biomass player Cargill 

illustrate that SMEs examine new partnerships for entering ‘over-the-fence’-partnerships or attracting clients 

from remote locations.  Grassa has raised € 2 million in a series A financing round led by Brightlands Venture 

Partners. Co-investors are LIOF, compound feed company Fransen Gerrits and current shareholders. With 

the funding, Grassa plans to further scale up its innovative biorefinery process and commercialise the product 

output. In addition, the company established a strategic partnership with compound feed company Fransen 

Gerrits for market introduction of selected products.  In view of the current trends towards sustainable and 
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circular construction, BIVAC partner NewFoss has teamed up with Province of Noord-Holland, 

Rijkswaterstaat, the Port of Amsterdam and others to exploit the harvesting of roadside grass for producing 

biobased insulation mats, produced in collaboration with the Swiss company Gramitherm.   

 

However, entering new partnerships with national and international players does not mean that the region 

where the biomass comes from is not going to benefit from these new sustainable business models. For 

example, logistics is one of the economic pillars in which the Euregio Rhine-Waal excels. In terms of the 

sustainability asset ‘multi-modal transport’, the region – located between Antwerp, Rotterdam and 

Ruhrgebiet offers enormous possibilities with a string of inland ports along the Rhine (Duisburg, Neuss, 

Krefeld) and the Meuse (Venlo, Ooijen-Wanssum, Roermond, Wessem) and of course the well-developed 

train network with the Betouwe-line as its spine. Under the slogan ‘Agropole’, regional innovations in the 

food industry are manifested in a close cooperation among members of the quintuple helix consisting of 

policy, business, academia, civil society and community. 

 

These summary results from the resource, impact and stakeholder analysis of the BIVAC project are meant 

to provide insights for strategic and practical choices for transition pathways towards a bio-economy at the 

level of Euregio Rhine-Waal and beyond.  
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