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Executive Summary
This inventory has been produced on behalf of BioBoost to gain an insight into the by-products of the
horticultural industry. The aim of this inventory is to gain a better understanding of the three regions
involved: Flanders region around Roeselare (Belgium), Westland region (Netherlands) and Lea Valley
(UK) and with reference to Kent, to provide a joint basis for the partnership to shape effective actions
to stimulate the circular economy in horticulture in these regions. The inventory serves as input for a
project strategy and approaches developed at a later stage of the project.
The BioBoost partners are using the inventory to assess the state of horticultural bio-economy in the
participating regions, including challenges and potentials to create new (circular) businesses, based
on waste, co-products and residual streams and as a source of plant compounds.
Many farmers describe by-products as ‘waste’; this negatively impacts expectations and consumer
acceptance. renaming waste as ‘biomass residual streams and co-products’ will aid a change in
producer mind-set and consumer choice. The most significant ‘waste’ products were green waste and
crop co-products. These should be the focus of new ideas and innovations.
Realisation of value from biomass in the three regions can be assisted by building the infrastructure
for clusters (platforms) where companies work together with governance and knowledge centres to
value substances from the biomass, which could be termed ‘valorisation regions’.
The demand for (sustainable) biomass in the European regions will be much greater than the supply
by 2050 (source for the Netherlands PBL, 2013). This will increase the price for biomass and reduce
the threshold for transport over longer distances. There is a risk that growers will then find it profitable
to sell this biomass elsewhere. If each region wants to retain the benefit of added value within their
regional boundaries, it will be necessary to act now to implement the plans.
Waste streams are already used for compost or left on the field. The challenge is to organise new
business models to extract ingredients like sugars, proteins, minerals and fibres and find new endusers. This can be achieved by using mobile installations or by transport to central locations.
There are opportunities to extract other ingredients with high value; for example, as ingredients for
cosmetics and natural crop protection products. A bio-based economy is about optimising the value
of biomass. Prior to extraction of ingredients listed above, it is possible to use high-quality biorefineries to produce new ingredients and/or make products for non-food applications. At biorefineries, all parts of the plant (including non-edible parts) can be optimally utilised.
It is necessary, therefore to develop partnerships at different points in the value chain to produce new
products for end users. This requires a regional bio based organisation where partners in the valuechain can meet and develop new business cases. In the three BioBoost regions, a start has been made,
but this innovative process requires constant attention and drivers that fuel the process. Since we are
only at the start of the process there are few profitable business cases as exemplars to emulate.
Governments and advocates for the bio based economy need to invest in infrastructure and
communication to drive this process.
Interaction with growers has indicated that many are passionate about waste reduction and keen to
embrace the concept of a circular economy and bio-economy, but require help, guidance and
infrastructure to realise this aim.
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1.

Introduction

1.1.

Project BioBoost

This inventory is an output of the Interreg-2-Seas funded BioBoost project. It describes the present
state of horticultural bio-economy and its potentials in the three participating regions in this project:
Roeselare (Belgium), Westland (Netherlands) and Lea Valley/Kent (UK). This document provides a
source of information and background data, helping to drive project activities and strategic
approaches that will be developed in other components of the project.
BioBoost is a collaboration comprised of 10 partners from the Netherlands, United Kingdom and
Belgium. The leading partner for the project is the municipality of Westland (NL). The project aims to
accelerate the development of a bio-based economy in horticulture by implementing a number of
test, demonstration and pilot projects and to stimulate and facilitate SMEs with the valorisation of
green residuals and plant compounds. This inventory has been developed to ensure that the group has
a clear understanding of the bio economical profile, the challenges and potentials of the three
horticultural regions which are the main focus of the BioBoost project (Lea Valley-UK, Roeselare-BE,
Westland-NL). The inventory will also provide input for two other BioBoost activities: the yearly action
plans and the awareness and activation campaign, planned for 2019.
This inventory report describes the present state of horticultural bio-economy in general and
specifically for the 3 regions including challenges and potentials. The inventory is primarily made as a
basis for further BioBoost activities, but the main findings will be published in articles and on the
partner's (project) websites. The project is co-funded by the Interreg 2 Seas Programme.
The project Partnership
The leading partner for the project is the municipality of Westland (NL). The other partners1 are:
Catholic University of Belgium (Vives-BE), Research Institute for Agricultural and Fisheries Research
(ILVO-BE), Centre of Expertise for Plant Compounds (Kenniscentrum Plantenstoffen-NL), National
Institute of Agricultural Botany (NIAB-UK), Inagro (BE), Tomabel (BE), Sustainable Protein (NL)
Comgoed (NL) and Epping Forrest District Council (UK).
There are 5 observer partners: Abbey View Produce (UK), Biobased Delta Zuid-Holland (NL), Impuls
Zeeland (NL), POM-Vlaanderen (BE), Vegepolys (FR).
Activities
The main activities of BioBoost are:
- Insect Breeding – Breeding facilities have been set up at two sites in Belgium and the UK, which
will test the use of various horticultural waste streams for feeding the larvae. In the Netherlands,
a proof of concept will be implemented.
- Green Pesticides – A pilot facility for the production of green pesticides using horticultural biproducts has been setup in the UK.
- Harvesting Techniques – Optimising logistic solutions for harvesting and collecting of vegetable
residues.
- Natural Plant Materials for the Cosmetic, Beauty and Health Industry - Pilot projects have been
set up to extract natural plant pigments from fruit and vegetable by-product waste. And
interaction with cosmetics company(s).
- Chipboard production from green residuals – In a pilot project, small-scale chipboard production
will be tested. The results will be used in the development of a full-scale production unit.
1

Per September 2018 Renewi (NL) and Greenpack (NL) have left the project and Tomabel, Comgoed and
Sustainable Protein have joined the project.
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Processing residual streams fruits and vegetables – In a pilot project processes, techniques and
products will be tested; for example, the removal of the green parts class II and surplus tomato
fruits for inclusion in juices or smoothies.
Learning Material on Horticulture and Bio-economy - Acquired knowledge concerning bioeconomics will be incorporated into a learning module, suitable for transferring this knowledge to
the relevant higher education students of the three regions.
Stabilisation of horticultural waste – This will involve testing of stabilisation and conservation
techniques on the main horticultural waste streams.
Open Innovation Platform - A virtual web based platform that provides information about new
and innovative applications of horticultural waste.
Regional Cooperation - Regional platforms are established in the three regions to stimulate the
bio-economy.
Strategy - A strategy will be made to stimulate the transition of the horticulture to to a more
sustainable circular bio-economy model.

See for a full description of the project, its aims and partners at the BioBoost website.

1.2.

Aim and Relevance of the BioBoost Inventory

Aims and outcomes of the Inventory
The aim of this inventory is to gain a better understanding of the three regions involved: Flanders
region around Roeselare (Belgium), Westland region (Netherlands) and Lea Valley (UK) and with
reference to Kent, to provide a joint basis for the partnership to shape effective actions to stimulate
the circular economy in horticulture in these regions. The inventory serves as input for a project
strategy and approaches developed at a later stage of the project.
The BioBoost partners will use the inventory to assess the state of horticultural bio-economy in the
participating regions, including challenges and potential for the creation of new (circular) businesses,
based on waste, co-products and residual streams and as a source of plant compounds.
BioBoost aims to stimulate development of a bio-based economy in horticulture. The potential for
high levels of reusing ‘waste’ by horticultural residue valorisation are being examined and developed
towards practical outcomes via test and pilot projects. BioBoost aims to develop new concepts and
products that utilise plant resources in more sustainable, efficient and integrated ways. It is identifying
producers of ‘green waste’ streams, such as plant residues (stems and leaves) and unsellable fruits
and vegetables that are currently primarily thrown away or used for making compost and green
biogas. BioBoost examines the potential for better valorisation of horticultural residues and plant
compounds. The partnership is testing solutions in practical pilot projects; often delivered jointly by
researchers and SME’s. These collaborations involve growers and other sectors of the horticultural
industry, as well as academic and business researchers, local government and plant research
organisations. In addition, the project offers help to SME’s in these regions for developing new
concepts and products that make use of plant residues and plant compounds. BioBoost also aims to
communicate its aims on horticultural platforms, at events, conferences, workshops and provide
demand driven support to SME’s; such as knowledge or advice.
Relevance of waste utilisation in future economies
The importance and relevance of using food waste and residual streams is one of the major
challenges for society today; it is estimated that globally circa a third of all food is wasted, (an
equivalent of more than 1.3 billion tonnes of food per year). FAO statistics show (see Figure 1 next
page) that a major part of the waste occurs before the food reaches retail and that a significant
quantity is subsequently wasted by consumers.
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Figure 1: Per capita food losses and waste (kg/year), at consumption and pre-consumptions stages in
different regions (source: FAO statistics 2016 and RAP 01 12 PAD102-308 2013 & www.fao.org)

Global quantitative food losses and waste per year are roughly 30% for cereals, 40-50% for root crops,
fruits and vegetables, 20% for oil seeds, meat and dairy plus 35% for fish. In Europe, one of the key
areas of food waste is fresh produce, where an estimated 17.5% is lost pre-farm gate and a further
17.5% by consumers. Waste generation during its time in retail outlets is currently estimated at circa
3%.
Definitions of the resources and feedstocks considered in this inventory
•

•
•
•

1.3.

Residual waste: The waste that cannot currently be prevented, reused, recycled or composted
– is both an environmental problem and a practical one for local authorities. From an
environmental point of view, material in residual waste is literally wasted as the potential for
re-use of any resources is lost (Source; Friends of the Earth).
Waste streams: Flows of specific waste, from its source through to recovery, recycling or
disposal. Together they make up the overall waste treated in the European Union (4.6 tonnes
per capita in 2012) (Source; European Parliament Briefing 2015).
By-products: A substance or object, resulting from a production process, the primary aim of
which is not the production of that item (Source European Commission.)
Food waste: Generally, food loss or food waste is food that is lost during any of the four stages
of the food supply chain: (1) growers, (2) processors, (3) retailers, and (4) consumers.

Methods for Data collection Used in this Inventory

Initially, the partnership discussed the desired content and defined a methodology to collect the
required information. The partnership collected data and information that was already available; this
informed the need for additional relevant data. As a means to that end, a questionnaire was
developed that was completed by the regional coordinating partners; for Westland this was the
Municipality of Westland, for Roeselare, Inagro and for Lea Valley/Kent, NIAB. These regional
coordinating partners involved the other regional partners in gathering this information. This initial
information was delivered to NIAB who compiled and organised the full set into a consolidated
document.
This information is presented in Chapter 2 and 3 of this document, within which, information sources
are indicated if appropriate. These results have been discussed by the partnership. Discussions led to
a number of conclusions that are presented in Chapter 4.
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2.

Circular economy and bio based economy

2.1.

Circular economy

A circular economy is an alternative to a traditional linear economy (make, use, dispose) in which we
retain resources for further use for as long as possible, extracting the maximum value from them
whilst in use, then recover and regenerate products and materials at the end of each service life
(source UK WRAP).
A circular economy is restorative and regenerative by design and aims to keep products, components
and materials at their highest utility and value at all times, distinguishing between technical and
biological cycles (source Ellen MacArthur Foundation). In a circular economy, economic activity builds
the overall health of the system, recognising the importance of the economy of scale –globally and
locally. Realisation of a circular economy involves the reduction of negative impacts of a linear
economy and instead builds long-term resilience, by generating business and economic opportunities
with environmental and societal benefits. New systems for cycling and reprocessing material should
be organic, providing renewable resources for the economy. In addition, technical cycles can recover
and restore products and materials by reuse, repair, remanufacture or recycling.
With current advances, digital technology has the power to support the transition to a circular
economy by radically increasing virtualisation, de-materialisation, transparency, and feedback-driven
intelligence.
The circular economy model synthesises several major schools of thought. They include the functional
service economy (performance economy) of Walter Stahel; the Cradle to Cradle design philosophy of
William McDonough and Michael Braungart; bio mimicry as articulated by Janine Benyus; the
industrial ecology of Reid Lifset and Thomas Graedel; natural capitalism by Amory and Hunter Lovins
and Paul Hawken; and the blue economy systems approach described by Gunter Pauli. There's a world
of opportunity to rethink and redesign the way we make stuff. 'Re-Thinking Progress' explores how
through a change in perspective we can re-design the way our economy works - designing products
that can be 'made to be made again' and powering the system with renewable energy. It questions
whether with creativity and innovation we can build a restorative economy see Figures 2 and 3
(source; Ellen MacArthur Foundation).

Figure 2: Linear versus circular economy (source: Northeast Recycling Council, 2015)
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Figure 3: Restorative economy (source: Ellen MacArthur Foundation)

2.2.

Bio based economy

The concept of “a bio-based economy or bio-economy covers the
agricultural industry and all manufacturing sectors and their
respective service areas, which develop, produce, process,
reprocess or use them in any form biological resources such as
plants, animals and microorganisms. Thus, it achieves a variety of
industries such as agriculture, forestry, horticulture, fisheries and
aquaculture, plant and animal breeding, food and beverage,
wood, paper, leather, textile, chemical and pharmaceutical

The bio-economy encompasses the
production of renewable biological
resources and the conversion of
these resources, residues, byproducts and side streams into
value added products, such as
food, feed, biobased products,
services and bioenergy. Source:
http://www.biobasedeconomy.eu/

industries up to branches of energy
industry" (Source; German bio-economy
strategy "Bio-economy"). In addition to
the production of renewable biological
resources, Bio-economy embraces the
use of these resources and co-product
streams. The bio-economy relates to all
activities that are concerned with the
production of biomass and the many ways
in which the biomass and co-products are
used. Note, however, that the following
definitions from the Flemish government
state that bio-economy or bio based
economy are not the same. See Figure 4.
Figure 4: The biobased economy as a part of the bioeconomy (source: bioeconomie in Flanders)
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It is often called "knowledge based bio-economy” (KBBE). "Knowledge based" and "bio-based" are the
two core elements of this area, which is characterised by its great diversity. Research and development
in bio-economy interlink classic academic areas, such as agricultural and food research with new
research areas, such as white, green or red biotechnology. In this field, biotechnological innovation is
expected to transform many sectors of the economy within the next years; especially in the fields of
medicine, health, agriculture and nutrition. Furthermore, the efficient coupling of biological and
chemical synthesis processes will be of great importance for the production of energy and raw
materials.
Bio-economy allows the use of available biological resources more effectively than previously by
innovative methods and to supplement their fields of application based on new scientific knowledge
and findings, see Figure 5.

Figure 5: Bio-economy (source: European Commission)
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2.3.

Valorisation of biomass

The valorisation of biomass can be illustrated by the bio-cascading principle, also known as the value
pyramid see Figure 6. Pharmaceutical products add much value per unit of product but in a small
volume, whereas energy carriers add little value per unit of product but in large quantities.

Figure 6: Value pyramid of bio-renewable feedstock (source: Biobasedpress.eu)
Biobased

Agriculture, horticulture and stock farming produce feedstock and products for the entire value
pyramid. Each layer in the pyramid hosts its own number of bio based innovations.
Biomass contains many different molecules, which can utilise applications from the production of
energy to the production of medicines. In the value pyramid, the quantity is plotted against the
monetary yield of the product on the market. The products high in the pyramid represent a high value,
but are present in small quantities. Products that are low in the pyramid can be extracted in large
quantities, but have a low value.
Health and life style
Products that fall into this category include, for example, medicines and dietary supplements, which
are consumed directly by people. Research, processing and admission procedures mean that these
pharmaceutical products are very expensive to make chemically, the market price of these products
consequently very high (> €200 / kg). One example of a product from this category is capsaicin;
extracted from peppers, which is used in, for example, heat ointments for sports injuries. When
these substances are extracted from biomass, the quality requirements for the biomass will also be
extremely high. The biomass for these processes will have to be grown especially. Products for the
cosmetic industry also fall into this category, for which market prices are lower than for medicines (€
20-200 / kg), as well as the quality requirements for the raw material.
The desired molecules are in low concentrations in the biomass. As a result, complicated processes
may be required to be able to extract the molecules from the biomass and leave them intact. After a
few pre-treatment steps to make the biomass accessible (e.g. grinding, sieving, etc.). The substances
can be extracted from the biomass, for example, by various means of extraction in the form of oils
(capsaicin). Depending on the volume flow of biomass to be treated and the type of extraction
process, different types/ sizes of the installation are required. In view of the pure quality
requirements of the process, these installations cannot be used for other processes. The investment
costs in these types of processes are therefore also relatively high.
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Nutrition
In addition to normal horticultural fresh produce (tomatoes, peppers, cucumbers) other products
from the food ingredients category are, for example, colour, fragrance and flavourings. Here too, new
types of crops can be considered, the products of which require a processing step before they can be
consumed, such as vanilla. The value of these products overlaps with the above category, € 1-100 /
kg. Extraction will also be required for some products from this category. Cattle feed falls to the
bottom of this category in terms of economic returns due to the relatively low value of the product.
The biomass can then, for example, be used as a feedstock for supply of proteins or nutritional
supplements (higher in the pyramid). In the case of animal feed, simple steps such as pressing and
drying may be sufficient to make a final product e.g. see Figure 7.
Chemistry and materials
This category includes products that can be made
from biomass in relatively large quantities, but
whose value per unit of product is much lower (€
0.5-10 / kg). This concerns, for example, the
production of sugars, ethanol or syngas, which can
serve as precursors in the chemical industry for the
production of more complex molecules (e.g.
plastics). For products in this category, the
molecular structure of the biomass must be
degraded into mostly smaller molecules. This
requires processes such as hydrothermal upgrading
(HTU) or pyrolysis, where high temperature and
pressure are used to convert the biomass. The
production of fibres (precursor for paper and
cardboard) also falls into this category.

Figure 7: Cardboard made from tomato plants
wins European sustainability prize
This unique solid cardboard, enriched with
tomato plant fibres, produced by Solidus
Solutions, has been declared the winner of the
Packaging Europe Sustainability Award 2016 in
the category ‘bio based packaging’.
Source: Hortidaily

Energy Production from Biomass
The quality requirements for the production of energy from biomass and therefore the market price
for that biomass is the lowest (€ 0.01-1 / kg). Biomass can be incinerated for the production of heat,
CO2 and electricity, or can be converted into fuel of various kinds. Composting and fermentation also
fall into this category. If 121 kilo-tons of biomass is collected from Westland's greenhouse horticulture,
then €0.41 per kg or € 413 per ton of extra value must be added. Products with a high value need to
be extracted from the biomass in order to achieve this value-added economics; production of energy;
composting alone is not sufficient to extract sufficient value.

2.4.

Policies impacting on the processes and outcomes

A number of policies impact on our ability to use and commercialise material from waste and crop
co-products; these can be at European, National and regional or local levels.
2.4.1. European Union
Europe is setting a course for a resource-efficient and sustainable economy. The goal is a more
innovative and low-emissions economy, reconciling demands for sustainable agriculture and fisheries,
food security, and the sustainable use of renewable biological resources for industrial purposes, while
ensuring biodiversity and environmental protection. In 2012, the European Commission adopted the
strategy "Innovating for Sustainable Growth: A Bio-economy for Europe". This strategy proposes a
comprehensive approach to address the ecological, environmental, energy, food supply and natural
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resource challenges that Europe and indeed the world are facing already today. The focus is on three
key actions:
- developing new technologies and processes for the bio-economy
- developing markets and competitiveness in bio-economy sectors
- pushing policymakers and stakeholders to work more closely together
The 2018 update of the Bio-economy Strategy aims to accelerate the deployment of a sustainable
European bio-economy. The update also responds to new European policy priorities, in particular the
renewed Industrial Policy Strategy, the Circular Economy Action Plan and the Communication on
Accelerating Clean Energy Innovation, all of which highlight the importance of a sustainable, circular
bio-economy to achieve their objectives. The update proposes a three-tiered action plan to:
1. Strengthen and scale up the bio-based sectors, unlock investments and markets
2. Deploy local bio-economies rapidly across the whole of Europe
3. Understand the ecological boundaries of the bio-economy
The EC works on ensuring a coherent approach to the bio-economy through different programmes
and instruments including the Common Agricultural Policy, the Common Fisheries Policy, Horizon
2020, European environmental initiatives, the FAO ‘Blue Growth’ initiative for the marine sector and
the European Innovation Partnership on Sustainable Agriculture.
Bio-economy is Europe's response to key environmental challenges the world is facing already today.
It is meant to reduce the dependence on natural resources, transform manufacturing, promote
sustainable production of renewable resources from land, fisheries and aquaculture and their
conversion into food, feed, fibre, bio-based products and bio-energy, while growing new jobs and
industries. (Source European Union and European Union.
The EU does not include a particular policy for a horticultural circular economy. The EC aims to
eradicate disposable plastics, according to a plan that was presented on 23rd May 2018 by
Commissioner Frans Timmermans. His speech can be accessed at; http://europa.eu/rapid/pressrelease_SPEECH-18-943_en.htm.
More information and strategy about food waste can be found at the website of the European
Commission.

What will the Commission do to avoid the disposal of edible food?
Together with Member States, the Commission will take measures to clarify EU legislation relating to
waste, food and feed in order to facilitate the redistribution of safe, edible food to people in need and,
where safe to do so, the use of former foodstuffs as a resource for animal feed. For instance, the waste
legislative proposal has clearly excluded feed materials from its scope. This will ensure that former
foodstuffs (for instance, broken biscuits or stale bread) which are safe but cannot go into the food chain for
marketing reasons are not categorised as "waste" anywhere in the EU and can therefore be utilised as a
resource to produce animal feed. The Commission will also develop, in co-operation with Member States
and stakeholders, EU food donation guidelines for food donors and food banks on how to comply with
relevant EU legislation (food safety, traceability, legal liability, VAT, etc.).
In a circular economy, the value of products and materials is maintained for as long as possible; waste and
resource use are minimised, and resources are kept within the economy when a product has reached the
end of its life, to be used again and again to create further value. This model can create secure jobs in
Europe, promote innovations that give a competitive advantage and provide a level of protection for
humans and engenders pride in the environment . It can also provide consumers with more durable and
innovative products that provide monetary savings and an increased quality of life.
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The published ‘EU definition of the Circular Economy’ states:
To ensure sustainable growth for the EU we have to use our resources in a smarter, more sustainable way. It
is clear that the linear model of economic growth we relied on in the past is no longer suited for the needs of
today's modern societies in a globalised world. We cannot build our future on a 'take-make-dispose' model.
Many natural resources are finite; we must find an environmentally and economically sustainable way of
using them. It is also in the economic interest of businesses to make the best possible use of their resources.
In a circular economy, the value of products and materials is maintained for as long as possible; waste and
resource use are minimised, and resources are kept within the economy when a product has reached the end
of its life, to be used repeatedly to create further value. This model can create secure jobs in Europe,
promote innovations that give a competitive advantage and provide a level of protection for humans and
the environment that Europe is proud of. It can also provide consumers with more durable and innovative
products that provide monetary savings and an increased quality of life.

2.4.2.

National and regional policies (BE, NL, UK)

2.4.2.1. United Kingdom
National
The main elements of the UK government’s response to three Commission consultations on the
Circular Economy; barriers to waste markets and changes to waste laws is shown below.
UK response:
There are number of barriers to the establishment of a more circular economy. The main ones are:
• Regulatory
• Financial
• Information and
• Systemic.
Our response to Question 2 below describes some of the measures we are taking to address these barriers
and then in our response to Question 3 we set out our view on the three most important measures to be
adopted at EU level.
What are the most successful measures taken in your country, at national, regional, or local level to
facilitate the transition to a circular economy? (These can include legislative initiatives, financial
instruments such as taxation, support programmes, awareness campaigns, public procurement, etc.). Are
there any particular lessons learned from these measures, and could they in your view be usefully
replicated in other countries or regions?
UK response: A number of measures have been taken to facilitate the transition to a circular economy. We
believe that a number of these could be replicated elsewhere. We recognise the importance of moving to a
more sustainable economy. A key priority for the Government is to provide the right policy frameworks and
support, focusing on areas that only Government can and must do, i.e. where a clear market failure exists.
Many UK businesses are leading the way and reducing their environmental impact through greater resource
efficiency, productivity and innovation.
Improving business resource efficiency has a key role in delivering the benefits of a circular economy saving money while reducing the impact on the environment. There are real opportunities,, for example
through resource efficient production techniques, which can reduce costs and increase competitiveness, and
growth in new markets for technological or service solutions. Large businesses can work with their value
chains to make savings for themselves as well as for SMEs with whom they do business.
There is a case for Government intervention to facilitate the transition towards a more circular economy,
where the market alone does not produce the optimal situation. This includes encouraging collaborative and
partnership working and promoting technological innovation and infrastructure that is needed to underpin
and push the boundaries to deliver real change. This will in turn provide certainty for investment and a level
playing field that support legitimate businesses.
A good example of this is the landfill tax escalator, which created a strong incentive and provided long-term
certainty that drove industry action and diverted waste from landfill towards much greater reuse, recycling
and recovery of waste materials.
The following are other examples of successful measures adopted across the UK or within UK regions,
which we believe could be usefully adopted in other countries or regions. This reflects the fact that in the
UK environment
policy,
including
on resource efficiency has been devolved. This means that there can be, 16
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and are, different policies for resource efficiency, waste management and a more circular economy in the
different administrations (i.e. the different countries that make-up the UK).

The following are other examples of successful measures adopted across the UK or within UK regions
which we believe could be usefully adopted in other countries or regions. This reflects the fact that in the
UK environment policy, including on resource efficiency is devolved. This means that there can be, and
are, different policies for resource efficiency, waste management and a more circular economy in the
different administrations (i.e. the different countries that make-up the UK).
UK-wide examples: Working with and funding the Waste and Resources Action Programme (WRAP) to
support businesses, civil society organisations, local authorities and households become more efficient in
the way that they manage and use resources. Examples of action being delivered with this funding include:
o Food waste – Since 2007, The UK has had larger scale interventions in place aimed at reducing food
waste across both supply chains and within households. This voluntary approach has been effective in the
UK reducing household food waste by 1.3Mt from 2007 to 2012 (15%) and reducing supply chain food and
packaging waste by 7.4% from 2009 to 2012. The main delivery vehicles for business have been the
Courtauld Commitments2, the Hospitality and Food Service Agreement3 and for consumers the Love Food
Hate Waste4 campaign.

In spring 2017 the UK government produced an Industrial Strategy document which didn’t cover Agritech or related industries. NIAB contributed a response to the Industrial Strategy. Extracts are shown
in Figure 8:
Figure 8; NIAB Response to Industrial Strategy Consultation
NIAB welcomes the opportunity to respond to the Government’s Green Paper on plans for a new Industrial
Strategy.
1. Over the last 2/3 years NIAB’s in-house incubator programme has worked with more than 60
technology start-ups across a range of Agri-tech areas including innovative plant products, software
development, satellite technology, novel feed sources and biologicals, many of which are led by
entrepreneurs with non-farming backgrounds.
2. NIAB fully endorses the 10 key pillars identified in the Green Paper to tackle low productivity and
unbalanced growth. Indeed, the recurring themes of translation and uptake of innovation, helping
businesses to start and grow, and skills development are all directly relevant to NIAB’s strategic role
and ambition.
3. NIAB could be presented as a potential case study to demonstrate the relevance of Agri-science in the
context of the following key pillar.
Increased investment in science, research and innovation – with a focus on doing more to
commercialise our world-leading science base:
This pillar reflects the focus of NIAB’s strategy over the past decade to become a recognised
centre for translational crop research and innovation, connecting the fundamental plant science
taking place in our institutes and universities with the practical and commercial needs of industry.

UK Regional Policy in the Lea Valley
At a regional level in the UK Lea Valley, there is no policy relating to Horticulture and Circular BioEconomy. However, this is not the complete picture and at a local government level, planning policies
do recognise the importance of sustainable food production in these areas and are striving to raise
their profile at government level.
In the Epping Forest District Council draft local plan, there is commentary on the importance of
developing the glasshouse industry: The plan notes that; ‘Important also to the District’s economy is
the long established horticultural and glasshouse industry in the Lea Valley.’ There is also recognition
of the role in which the glasshouse industry can play in generating local employment opportunities
and bridging the gap between domestic production and consumption of food. Furthermore, the plan
recognises that horticulture is a key sector for priority within the ‘London Stansted to Cambridge
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Corridor Consortium (LSCCC)’. Epping Forest District Council is a member of this group, which is
designed to generate county and district level policy collaborations to promote regional growth.
In the draft local plan of the East Hertfordshire Council, there is support for food production in the
area. They stress the importance of proximity to consumers in London and therefore the capacity to
minimise food miles (distance between place of production and consumption) are reduced and food
security alongside more local employment is guaranteed. There is also significant recognition of the
need to work beyond the district level to achieve this goal. East Herts works alongside Epping Forest
District Council with the LSCCC. In East Hertfordshire’s local plan, it specifically references the role it
sees the consortium having in capitalising on existing food production growth areas such as the Lea
Valley. It remains to be seen, however, what sort of role the LSCCC can have in generating regional
policy on Horticulture and the Circular Economy.
Sources: Epping Forest District Council Local Plan 20172 (and East Herts District Council Draft Local
Plan3 Chapter 3: Housing, Economic and Transport Policies; Food Production and Glasshouse policy
are covered on page 69.
2.4.2.2

Netherlands

National Strategy the Netherlands
In 2015, the Corbey Committee compiled an inventory on the bio-based economy and made
recommendation4s. The Corbey Committee advised the government to express a clear ambition: make
clear what the Netherlands wants with the bio-economy as part of the circular economy and
implement a consistent and phased policy focused on the short and long term. It urged the use of
power within the regions, the international business community, Europe and the potential of global
agreements. This power could be realised, for example, via a stakeholder dialogue and a long-term
raw material plan for food, feed, chemicals / materials and energy aimed at 2050, including soil
fertility. In addition, the committee advised, among other things, to steer on the sustainable
production of biomass, to stimulate the mobilisation of sustainable biomass and to make and adjust
responsive policy if unintended negative effects occurred.
Regional Strategy in the Netherlands
The strategic aim of the Province of Zuid-Holland is to get the highest added-value from every kilo of
biomass. Together with the neighbouring provinces of Noord-Brabant and Zeeland the ambition is to
grow to an important Bio based hub in the EU. The region also cooperates in the Bio based Delta
Network; the province of Zuid-Holland has taken on the role of stimulating, facilitating and to
connecting companies, knowledge parties and social organisations. The province has also decided to
become a co-developer.
In the Westland area the municipality of Westland, together with horticultural partners have
developed a regional bio-horticultural policy and are collaborating in the region of Greenport WestHolland. Bio based Greenport West-Holland is a (horticultural) entrepreneur-driven network
organisation of companies, knowledge, chain parties, governments and social organizations and are
developing biobased business in greenhouse horticulture in Greenport West-Holland.
Requirements and expectations for entering into this partnership are that network partners should
embrace the following principles:

2

http://www.efdclocalplan.org/wp-content/uploads/2018/03/EB114-Epping-Forest-District-Local-PlanSubmission-Version-2017.pdf
3
https://www.eastherts.gov.uk/districtplan-%20page%2020
4
https://www.rijksoverheid.nl/documenten/rapporten/2015/10/01/naar-een-duurzame-bio-economie
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1. In the transition to a bio-based economy, there is an increasing demand for high-quality
vegetable raw materials.
2. Greenhouse horticulture entrepreneurs in the Greenport can play an important role as
suppliers of plants, plant parts, extracts and plant substances and as business partners in biobased chains. These plant materials can be obtained both from the vegetable residual material
and from plants grown specifically for this purpose under conditioned conditions. Breeding
and variety selection are important here.
3. This new economic activity can make an important contribution to the earning capacity and
sustainability of the greenhouse horticulture cluster in Greenport West-Holland and business
partners within and outside the Greenport. It therefore strengthens the competitive position
of the sector.
4. This transition in horticulture does not start autonomously, but must be supported by the
partners in Bio based Greenport West Holland with a tailored innovation and action plan.
5. Bio based Greenport West-Holland can thus give an impulse to the realization of the bio based
economy in greenhouse horticulture in the Greenport
The ambition is that by 2020:
1. The greenhouse horticulture in the Greenport West-Holland will realise new economic
activities with the appreciation of plant extracts and plant substances as partners in new biobased chains
2. Existing and new companies will have focused on the extraction, refining and processing of
plant materials for new (bio-based) applications
3. This will contribute to a sustainable positioning of greenhouse horticulture and generate an
added value of € 50 million
Under the guidance of (horticultural) entrepreneurs, the partners in Bio based Greenport WestHolland are working together to set up and implement an innovation and action plan to realise biobased business in greenhouse horticulture with crossovers to other sectors. Actions are in the
following areas:
1. Knowledge development and transfer.
2. Pilot projects and new partnerships
3. Development of Bio based Valorisation Park
Concept of a Regional Biobased Valorisation Park
A central party will facilitate the collection, preparation, storage, distribution and logistics of the biomass on
the valorisation parks, as well as the processing of any residual flows
This central party will ensure stability of the production processes by managing the biomass. It is then in the
interest of this party for the quality of the biomass to be as good as possible, so that it represents maximum
value for the established companies in the park. They can also actively seek out new parties to settle in the
park and value residual biomass flows, thereby improving their business model. This means that the share of
residual streams is being reduced as a result of the activities of this central party.
Maximum cost-effectiveness of the biomass is being sought. Added value is created in the regions by reducing
the cost price for the disposal and processing of the biomass processing at the park to worthy (half) products
and materials. The activities that can take place at the parks are:
Sorting of biomass on arrival: Depending on the processes in the park, it is sorted according to crop species,
but also on the quality of the incoming biomass. For example, crop can be stored separately from wire with
wire hooks without wire hooks. An additional process is required for the latter raw material, as a result of
which, the grower will receive less compensation for the supplied biomass.
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Storage of biomass: The biomass is not produced evenly throughout the year. Storage of biomass must ensure
that the capacity of the installations can be optimally used. Usually, special conditions are required for storage
in order to keep the quality of the biomass optimal.
Pre-processing biomass: Fractions can be separated centrally for distribution over the processing processes.
Biomass streams can also be mixed and blended for use in various processes.
Transport biomass: Biomass must be transported (only short distances) within the park between the various
processes, for example via a pipeline for watery products and a conveyor belt or lorry for solid products.
Making valuable products: The core business of the park, in these processes the added-value is created. The
higher the products in the value pyramid, the more the products will yield. The quality of the biomass used will
also have to be higher, since the requirements for product quality will also be higher for higher-quality
applications.
Processing of residual flows from the production processes: Residual streams will also be produced in the park,
such as waste water, which is released during the production of valuable components. These residual streams
must be processed at the park or close to existing infrastructure to be cost-effective.
The final shape of the park will depend on the companies that choose to settle in the park and the processes
that they are going to carry out.

2.4.2.3

Belgium

Flanders
In 2012, an Interdepartmental Working Group (IWG) for bio-economy was established. The cause for
this initiative was the approval of a strategy and action plan in February 2012 by the EC to increase
the use of renewable resources in our economy and to apply them in a more sustainable manner, this
was published as; “Innovating for Sustainable Growth: a bio-economy for Europe”5.
The IWG is composed of all involved entities of the Flemish government. Core members are from
departments ‘economy, science and innovation’, ‘environment, nature and energy’, OVAM,
‘agriculture and fisheries and Flemish energy agency. The role of IWG is to:
- support consultations and knowledge exchange,
- deepen, start up and monitor a bio-economy action plan
- facilitate
- consult regularly with stakeholders
- become a contact point for Flanders concerning bio-economy
- be a link with the European strategy
Within the Flemish region, the IWG has a transversal strategy and action plan for the bio-economy
established: ‘Bio-economy in Flanders’ Policy aspects6. With This document, Flanders aims to provide
plans and target to address the threats that depletion and usage of fossil resources involves. Flanders
aims to be ready to tackle big societal challenges, like climate change, population growth, increasing
scarcity of resources, pressure on ecosystems and economic developments. A sustainable bioeconomy contributes to structural changes in systems that fulfil societal functions, like energy,
material, mobility, food and living and more general systems like production and consumption
systems, to tackle these challenges.
Five strategic goals were developed within the document:
- SG1: develop a coherent Flemish policy to support and facilitate a sustainable bio-economy
- SG2: Bring Flanders to the top for education and training and for research and innovation
- SG3: Biomass is optimal and sustainable produced and used over the total value chain
5

SWD(2017)374 – Commission Staff Working Document on the review of the 2012 European Bio-economy
Strategy
6
https://www.errin.eu/sites/default/files/05.19_ERRIN%20BioWG_Bio-economy%20in%20Flanders.pdf
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-

SG4: Strengthen markets and competitiveness of bio-economy sectors in Flanders
SG5: Flanders is an important partner in European and international cooperation

Most recently, the government of Flanders described in its “Vision 2050” 7vision of the future. By 2050
the Flemish government wants to create a region that:
- Is social, open, resilient and international
- Creates prosperity and wellbeing in an innovative, sustainable manner
- Includes everyone
In order for the Vision 2050 objectives to succeed, the Government of Flanders is working on seven
transition priorities that must make it possible for the necessary changes to be made faster. The
circular economy is one of these seven priorities.
Circular Economy in Flanders; ‘Circular Flanders’
The Flemish government has recorded the circular economy as one of the seven transition priorities.
Circular Flanders (in Dutch: Vlaanderen Circulair) is the hub, the inspiration and a matchmaker
between stakeholders for a Flemish circular economy. This initiative is a partnership of governments,
companies, civil society, and the knowledge community that take action together. Several partners
pool resources within the Circular Flanders team, while OVAM, The Public Waste Agency of Flanders
acts as principal host and enabler. The Flemish government has appointed this new partnership to
push the circular economy forward as a region-wide transition priority.
Key to their approach are several pillars with a great deal of potential, and which bring together
different sectors. For 2017-2018, these are circular purchasing, the circular city, and running circular
businesses. They will be working with partners and projects proactively in each of these pillars. For
each of them, they look forward to where Flanders aims to be by 2050, based on the ‘Vision 2050’ and
what this then means specifically for the next six years in terms of the objectives and indicators.
In providing support, they are responding to the needs and requests of the various stakeholders. The
initiative resides expressly with the stakeholders themselves. They support circular economy projects,
upon request, which deal with materials, water, energy, space, and food. Their main role as an
information point is key here: “anyone can contact our operational team for a personal conversation”.
Bio-economy data: Covering the Flanders region
The size of the bio-economy in Flanders was estimated to be 2% of the gross profit margin of the
Flemish economy and 0.8% of the total employment expressed in fulltime equivalents. Compared with
only the industry sector in 2014, 10% of the Flemish industry is biobased and over 5% of employers in
industry are involved in the biobased economy.
The gross profit margin in 2014, compared to 2008, increased by 28%, this is clearly more than the
global increase of 9% for the Flemish gross profit margin. The Flemish industry remained at the 2008
level and employment in biobased industries also remained the same as in 2008, whereas in the whole
Flemish economy, the total number of fulltime equivalents increased by 2%; whereas in all Flemish
industrial sectors, there was a 14% reduction in employment since 2008.

Although tendencies can been seen, these data should be treated with care because a major
component was contributed by the chemical sector, within which there is an estimation of
the bio based share within chemistry (Hanssens J., 2016). (See;8 Sustainable use of and value
creation from renewable raw materials for bio-based industrial production such as biomaterials and
green chemicals in Flanders).
7

https://www.vlaanderen.be/en/publications/detail/vision-2050
https://www.vlaanderen.be/nl/publicaties/detail/duurzaam-gebruik-van-en-waardecreatie-uithernieuwbare-grondstoffen-voor-de-biogebaseerde-industri-le-productie-zoals-2
8
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The data only relate to pure bio-based economy industries. The production of basic (agricultural)
resources and the farmers involved are not included, furthermore, the resultant sales or processing
of finished products are not evaluated.

Growth compared to 2008

Growth Flemish economy (GPM)
Growth Flemish biobased economy (GPM)
Growth Flemisch economy (FTE)
Growth Flemish biobased economy (FTE)
Growth Flemisch industry (GMP)
Growth Flemish biobased economy (FTE)

Figure 9: Evolution of Biobased economy, Flemish economy and Flemish
industry from 2008 - 2014 (source: Hanssens J., 2016)

Regional Policy in the POM West-Vlaanderen region
The Provincial development company of West-Flanders (POM West-Vlaanderen) is an independent
agency responsible for executing socio-economic policy of the Province. With an implicit focus on
entrepreneurship, factories of the future, transport & logistics, academy of the future and social
economy, the POM makes daily efforts to be the driving force of the West-Flemish economy and bring
its SME to a higher level.
One of the knowledge domains of the POM is ‘sustainable economy’. The knowledge centre focusses
on circular economy, sustainable mobility, hydrogen, human friendly businesses, energy efficiency,
renewable energy. The knowledge centre initiates, facilitates and/or cooperates in projects, studies
and demonstration sites in these focus domains.
The ‘Factories of the Future’ initiative is responsible for close cooperation between businesses,
knowledge centres and government. They focus on strengthen the five sectors in which the province
of West-Flanders sees important growth potential in five key areas: (1) New materials, (2) Food, (3)
Blue energy, (4) Mechanical engineering and mechatronics and (5) Care economy.
Within this initiative, the goal within Sector 1 ‘New material’ is to strengthen the power for innovation
within West-Flemish enterprises and to provide an essential contribution to the development of new
materials and products. The experts tackling ‘Factories of the Future’, particularly in ‘New Materials’
have expertise in:
- New uses for bio degradable, bio based and/or recyclable materials.
- Circular economy and accompanying business models.
They are also a partner in a GTI project “circularity in & with new materials”. The goals of the project
aim to give West-Flemish SME’s a pioneering role in the circular economy, especially in the plastic
processing and textile industries . Further information can be found in their web pages9:

9

http://www.vlaanderen-circulair.be/nl
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3.

Profile of the three horticultural areas

3.1. Lea Valley
The Lea Valley is situated NE of London and covers an area of 142 Hectares (350 Acres) see
Figures10a+b. The glasshouses are predominantly located in the three most westerly parishes
(Nazeing, Roydon and Waltham Abbey), and are either adjacent to, or within, the Lee Valley Regional
Park.
The area has fed the growing population of
London from the middle ages and onwards
due the rich fine alluvial soil, which was
deposited over thousands of years by flood
waters from the River Lea and River Thames.
Cultivation included wheat, hay and barley. By
the mid-18th Century, the Lea Valley became
the leading market garden of Britain; growing
a wide range of field vegetables and fruits.
Figures 10a and 10b Geography of the
UK Lea Valley region

The removal of the glass tax in 1845
led to the first greenhouses being
erected enabling the demand for
exotic fruits such as grapes and
cucumbers as well as ornamental
plants to be grown out of season.
By the 1930’s, there was over 525
hectares of greenhouses over a 20
miles stretch of the Lea Valley
corridor growing new produce such
as cucumbers. Self-sufficiency and
sustainability are the reason why
these industries became so
successful. In 1951 there were 445
hectares of glass in the Lea Valley.
Growers began to suffer from loss of
infrastructure from the mid 50’s,
when many greenhouses were
removed in Enfield, Cheshunt, Goffs
Oak and Waltham Abbey to make room for housing space due the population explosion. In the 1970’s,
the industry started to decline when energy prices increased. Although there is area of protected
cropping in Essex of which the Lea valley is a large contributor, it is evident that there has been a long
term decline in the amount of land available to the local glasshouse industry. According to a report by
Epping Forest District Council in 2012, it was found that there were around 60 active growers with on
average 1.2 hectares each; this is well below the average hectares per grower across the whole of the
UK.
The Lea Valley also started to feel the impact of competition from overseas growers, such as those
based in The Netherlands. Although they had access to cheap gas from the North Sea, they were slow
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to react. Today, the industry is mostly in the Waltham Abbey, Nazeing and Roydon areas. The main
crops are now primarily cucumbers, peppers, aubergines and tomatoes for Supermarkets locally and
nationally (Source - The History of the Lea Valley Greenhouse Industry). Unlike other forms of farming,
there is little support from Government and the horticultural industry in the UK is operating at very
tight profit margins. Support in the form of a land payment scheme is available to farmers producing
field-cultivated crops, but glasshouse growers are exempt from this subsidy, even though they are
maximizing growing space/tonnage. Arguably, this is an uneven playing field negatively affecting these
specialist growers.
In 1911, an association called The Lea Growers Association was
established. Publications from this body note that their members are
now using around 350 acres of glasshouses in small satellite pockets
stretching from London, through Essex, Hertfordshire, Middlesex,
Cambridgeshire and even into Yorkshire. Approximately 200 million
cucumbers and sweet peppers are grown each year, as well as other
crops such as tomatoes, aubergines, lettuce, herbs, flowers, trees,
shrubs, aquatic/bedding plants, pak choi and figs. They employ over
2,500 staff and produce food solely for Consumers in the UK, with a retail value in excess of £1bn
(source http://www.lvga.co.uk/). Approximately 70% of the UK’s cucumbers, 50% of the UK’s peppers,
and 70% of the UK’s aubergines are grown in the Lea Valley.
Data were sourced from; DEFRA publication: Structure of Agricultural Industry 201810 ; the DEFRA:
June Census 200911; the Lea valley Glasshouse Industry report: ‘Planning for the future report 2012’
12
; and; ‘Closing the Gap’ Lea 13Valley Food Taskforce Report 2018’.
In an article written by Gary Taylor, AHDB and Chairman of
the Lea Valley Growers Association; called ‘Planning
threatens the future of Lea Valley Fresh Produce’, he states
that agriculture and horticulture employment is currently
circa 2700 FTE jobs (4.8% of total employment in the Epping
Forest District). He made a number of recommendations to
support the industry and high technology food production,
such as the need for permission to build taller glasshouses,
with energy efficient systems using recycled water, artificial
light and thermal /light screens to facilitate a continuous,
year-round growing season. He also recommended that adjoining authorities should investigate the
options for identifying new sites for glasshouse development and expansion, and that the London
Food Strategy should highlight the fact that that food production is a key beneficial land use in the
Green Belt. He highlights Defra’s Food 2030 report, which sets out the UK government’s vision for a
sustainable and secure food system for 2030. The strategy is structured around six core issues for the
food system, four of which are clearly supported by proposals in the Lea Valley (source: The future of
the Lea Valley glasshouse industry):
• Ensuring a resilient, profitable and competitive food system
• Increasing food production sustainability
• Reducing the food system’s greenhouse gas emissions

10

https://www.gov.uk/government/statistical-data-sets/structure-of-the-agricultural-industry-in-england-andthe-uk-at-june
11
http://webarchive.nationalarchives.gov.uk/20110911091657/http://www.defra.gov.uk/statistics/files/defrastats-foodfarm-landuselivestock-june-statsrelease-uk-110525.pdf
12
https://rds.eppingforestdc.gov.uk/ieDecisionDetails.aspx?Id=1954
13
https://www.bioboosteurope.com/assets/files/Task-Force-Report-May-2018.pdf
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•

Reducing, reusing and reprocessing waste.

Although there is no specific local policy driving the need for a sustainable circular economy in the
Lea Valley Region (see Figure 12), a recent report called ‘Closing the Gap’ was recently published by
by the Lea Valley Food Task Force. This details a strategic review of opportunities for intensive
growing, including the aims of the BioBoost project and recommendations regarding waste. The
Epping Forest Local Plan includes policies for the glasshouse industry. There are policies in the Local
Plan to support the food production and glasshouse industry within the District.
Lea Valley Food Taskforce response to National Policy:
Within the Lea Valley, a partnership called the Lea Valley Task force has launched a report in Parliament
called ‘Closing the Gap’. The partnership consists of local Lea valley growers, the Epping Forest District
Council, NIAB, Essex County Council and the London Stansted to Cambridge Consortium. The report
addresses the key issues with national policy around horticulture and food production that has been addressed
above. One of the report’s key messages amongst others for the government was the recommendation for the
creation of a National Institute for Food Security. This would become a centre of excellence for research in
all elements of glasshouse production and a resource for communities and individuals to ‘grow their own’
more efficiently. It asked some more general questions around food production below:
•
•
•
•
•
•
•
•
•
•
•
•
•

Is local sustainable, safe food a priority for anyone other than consumers?
How can production be increased?
How can Government help with infrastructure to accommodate growth?
Can we create a joined up approach to the sector?
What will BREXIT mean?
What financial incentives (tax breaks, etc.) can be introduced to enable rapid growth in the
industry?
What steps can be taken to re-establish UK research and development?
What future technologies should we be investing in as an industry today?
Can we set out and define the national vision for the industry?
How to engage the leadership of the industry in a meaningful way?
Should local authorities be incentivised to provide support?
How do we create a strong and developed skills agenda with the support for growers?
Can we establish effective platforms for engagement and opportunities linked to the sector?

The main crops grown under glass in this area include Cucumbers, Peppers, Tomatoes, Aubergines,
Figs, Lettuce, Chillies, Exotic Veg and Exotic Fruit. Figures 11a+b and 13 illustrate the pepper and
aubergine production at Lea Valley. The 1st picture illustrates examples of different sized and
misshapen produce that are rejected, Figure 12 shows the residual waste (co-products) that is
produced during the process (also demonstrated in Figure 14).

Figure 11a: Different sized and misshapen
crops

Figure11b: Aubergine production in the Lea
Valley
Figure: Different sized and misshapen crops
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Figure 12: Rejected by retailers, these are
not currently used in any further product
or process

Seed prerockwool

Figure 13: Pepper production in the Lea Valley

• Failed Germination
• Disease
• Damaged on route from seed wholesale production centres in Holland

• Failed Germination
• Some seedlings are damaged during planting in Rockwool modules
• There is an oversupply of perfect seeds in case of too many damaged
Seeds placed
in rockwool seedlings having been damaged en route from Holland.

• Leaves and shoots trimmed during the growing season or that drop off from
foods during development.
•
Disease and Insect damaged produce
Main
•
Production Damaged food produce that hasn't grown properly
(Unsaleable • Small or misshapen

Zone)

The picking
and
packaging
process

• (The rest) Final Vine left once food is picked
• Produce picked too early
• Quality Assurance rejections at production centers
• Foods damaged during picking process
• Waste rockwool and plastic left over from production cycle
• Wrong size products
• Over-production of foods for Supermarket intake
• Quality assurance rejections at Supermarkets, wholesalers or other retailers

Figure 14: Stages of Production and Waste Stream causes for Lea Valley area
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UK strawberry production
The second most important horticultural crop in the UK out
of the BioBoost selected set is strawberries. The UK grows
104,000 tonnes of strawberries per year but requires 4,511
hectares to do so. This crop had until recently, been almost
exclusively field-cultivated It was therefore taking up
valuable land, was difficult to pick and was prone to reduced
quality due to pest damage (e.g. slug), soil particles or
contaminants.
Over the past decade, field cultivation has been replaced by
protected and vertical growing usually using hydroponic or
aeroponic growing systems see Figures 16 a to d. These
methods are space-saving, give more efficient, clean
harvesting and would potentially reduce the production of
co-products and spoiled fruit, these techniques are
increasingly widely used within the UK industry.

Figure 15: Field grown Strawberries
using Mypex for weed control

Figures 16 a, b, c and d: Vertical / protected cultivation of
strawberries used in the regions

An increasing problem for UK growers is conflict over land required for development of residential
housing compared to farming; more land-efficient crops and research into innovative land saving
techniques is therefore a useful development.

3.2.

Westland area

The Westland area situated in the West of the Netherlands, south of The Hague, is well known for its
horticulture. Its location on the coast leads to a favourable climate conditions year round, including
relatively high light density, which is beneficial for horticulture. In addition, the region lies between
several large Dutch cities and has good water, road
and airplane connections for transport. The
Westland is a prosperous and innovative area, due
to the fast-growing developments in the field of
agribusiness. In the greenhouse cluster there is
extensive cooperation between supplying
companies, production, and trade and knowledge
institutes. The total turnover in the region is
approximately 2 billion Euros per year.
Figure 17: Aerial view; Westland Horticultural area
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There were already specialised horticultural activities in South Holland in the
fourteenth century, driven by the presence of the court of the counts of
Holland in The Hague and various monasteries. Farmers cultivated different
types of vegetables, such as onions for rich courtiers and clergy, some was
even exported. The real breakthrough came in the 17th to 18th centuries
(Figure 17 and 18) when prosperous townspeople could afford vegetables
and even flowers. The soil in the Westland area, around Pijnacker and
Bleiswijk, and around Leiden, was good for the cultivation of agricultural
products such as asparagus and tulips due to the unique composition of sand and clay.
The favourable location and the presence of good water connections to the surrounding cities strongly
stimulated the demand for horticultural products. The arrival of the potato was also important;
explorers originally brought this South American plant to Europe in the sixteenth century: the first
potato planted in South Holland was in 1593 in the botanical garden of Leiden. At this time, the potato
was still regarded as a specialist medicinal plant, and not as a staple food. This changed in the
eighteenth century. In Holland, the Westland area proved particularly suitable for the cultivation of
potatoes. By the end of the nineteenth century, the potato had become an indispensable part of the
Dutch food staple diet. In addition, other specialist crops were grown here in the eighteenth century,
including some tropical fruit. This happened (on a small scale) in the parks near the enormous country
houses that rich city dwellers had built up there in the eighteenth century.

Rising population growth over time

The first greenhouses were built around
1850, where grapes were often grown. They
were simple glass greenhouses that leaned
against a wall on one side. Around 1900,
these first grape greenhouses were made
entirely of glass and were heated for the first
time. Before that time, flat glass (‘onewayers’ and Lentse ramen) were used for
growing vegetables and plants on flat hives.

Figure 18: Population growth in the Westland region in the
last Century (source: Provincie Zuid-Holland)

The first department stores (concatenated Greenhouses) were built around 1940 by raising the ‘onewayers’. In the nineteenth and twentieth centuries, and increasing number of farmers focused on
growing cucumbers, tomatoes, grapes, other (sub) tropical fruit and vegetables under glass. iAs the
population of South Holland grew during the 18th-21th century the occupation of land for
urbanisation grew as well. With 1239 inhabitants per km², South Holland has the highest population
density of all Dutch provinces; and populations still continue to grow.
South Holland has a major challenge ahead; it is projected that between 2010 and 2030 some 230,000
new homes will be needed. Of these, 80,000 have been built so far, which means that an assignment
for 150,000 homes remains. This process is continuing; between 2030 and 2040, it is estimated that
an additional 60,000 homes must be built. This plan does not, however, stand alone; combining the
construction of housing with other issues offers the opportunity to strengthen cities and villages in
the province. The housing challenge offers an opportunity to respond to social transitions, such as
those in the field of energy, climate and economy. Housing construction is the determining factor in
the further urbanization of Zuid-Holland. The main crops are tomatoes, cucumber and aubergines.
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Figure 19: Number of glasshouse companies in the Netherlands (green), average surface per
company (orange line) and total area (blue line). Source https://www.zuidholland.nl/onderwerpen/ruimte/verstedelijking/

Figure 20: distribution of area to crop in the Netherlands: fruit (black), tree nursery (blue),
vegetables (green), flowers and plants (orange). Source: https://www.zuidholland.nl/onderwerpen/ruimte/verstedelijking/
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Figure 21: concentration of glasshouses in the Netherlands (shown in colour) and employment (shown in
circles). Source: CBS, Netherlands.

Figure 22a and 22b : Changes in glasshouse cultivation land (in hectares) and Ownership in terms of company
structure (source: Provincie Zuid-Holland)
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Figure 23: Schematic of Research and Development feeding Horticultural Production (source: topsector T&U)

Initiatives Driving the Circular/bio-economy in Westland
New markets are being created for horticulture: plant materials from residual material and new crops
used as valuable raw materials for industry. Bio based Greenport West Holland is a network
organization where companies, knowledge, chain parties, governments and social organizations work
together to develop this bio based business in greenhouse horticulture in the Greenport.
Bio-based Greenport West-Holland supports horticulture entrepreneurs and chain partners to convert
plant waste to valuable products. Bio based Greenport West-Holland also provides support in the
search for new greenhouse horticulture crops for the production of high-quality plant products, for
example for pharmacy.

3.3.

West-Flanders around Roeselare

West-Flanders is the main agricultural province in Flanders. The horticultural sector is of major
importance in Flanders. Although occupying only 7.5 % of the arable acreage, the horticultural sector
is characterised by high production rates leading to high revenues, responsible for 20 % of the total
value of Flemish agricultural production (Platteau et al., 2016). In 2014, approximately 74 % of
vegetables cultivated in the field (63 % of the horticultural acreage) the remaining 26 % were produced
in glasshouses (Platteau et al., 2016). Beans, leek, cauliflower, carrots, peas, Brussels sprouts, Belgian
endive roots and spinach are the vegetables predominantly cultivated outdoors (based on the covered
area), whereas tomatoes and lettuce are the main glasshouse vegetables (Platteau et al., 2012; Roels
& Van Gijseghem, 2011).
There are 8300 Flanders farms, which cultivate crops over 200,000 ha; this is equivalent to more than
65% of the area of West-Flanders; Figure 24.
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Figure 24: schematic of Horticultural Production in the West Flanders region (source: Platteau et al)

More than 50% of all pigs in Belgium are raised In the province of West-Flanders, one third of all cattle
and poultry and 50% of all potatoes and two thirds of all outdoor vegetables. Cultivation of vegetables
is mainly situated around the REO action of Roeselare, with an important share of the greenhouses in
West-Flanders.
Glasshouses occupy circa 0.3% of the total agricultural area in Flanders (2013) equivalent to 1,930 ha.
Greenhouses are widely spread in Flanders, with the greatest concentration found in Antwerp, East
and West-Flanders (covering 847ha, 426 and 471 ha respectively.
With a turnover of 180 million euro, tomato is the most important crop, followed by strawberry (117
million euro) and pepper (37 million Euro). In terms of area, cabbage lettuce occupies a larger area
(740 ha), than tomato (522 ha) and strawberry (316 ha). The area of strawberry cultivation has grown
significantly; in 2007 there was only 191 ha. Strawberry is the only crop which has expanded in terms
of hectarage. Between 2007 and 2013, the area of lettuce decreased by 26.8% and the area of fruiting
vegetables decreased by 12.3% (information from the Flemish department agriculture and fisheries).
The total area of glasshouses decreased in the period between 2007 and 2013, but the remaining area
is now managed by larger companies. For example, in 2007 only 9% of the tomato companies were
larger than 4ha, whereas in 2013 the percentage had risen to 46%. The same evolution can be seen
for lettuce and strawberry companies. Scale-up is primarily linked to specialisation, innovation,
preservation and optimisation of all aspects of the cultivation and company structure, including for
example:
- Climate: climate computer, lighting for year round cultivation
- Crop: varieties, substrate, biological crop protection
- Energy: CHP, heat pump, waste gas condenser, dehumidification
- Harvest and sorting
- Selling via good organised channels
Next to scaling up, there are also companies who have chosen to diversify and target niche markets;
haricots, lamb’s lettuce, asparagus and cauliflower are examples of new crops being cultivated. Others
chose to cultivate herbs or trade differently; such as short chain production systems, as used in
community supported agriculture.
Scaling up can be a problem in densely populated Flanders, when confronted with rules of urban and
regional planning. The government is striving for more cluster developments to benefit from
opportunities for space and/or energy saving. In Roeselare, there is a greenhouse glass cluster in
development; this cluster of 20 ha will use heat produced as a by-product from an incinerator
(MIROM) which is released when producing electricity.
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A new research facility for greenhouse vegetables will be built by Inagro on top of the REO auction in
Roeselare in 2019. The building is an example of multiple space usage in an urban environment, which
can be a solution for new or expanding greenhouse glass companies in the densely populated Flanders
region. The roof-based glasshouse will be a multifunctional complex for growers, researchers, traders,
students and visitors.
The glasshouse sector in Flanders has, despite these challenges, important advantages, among which
is its central location in Europe, temperate climate, water supplies, structured distribution channels
and clustering of knowledge.
Sources:
-

Situatieschets van de glastuinbouw in Vlaanderen
Glastuinbouw in Vlaanderen: kansen en uitdagingen
Vestigingskansen voor glastuinbouw in Vlaanderen
Glastuinbouwzone Roeselare
Boer in beeld +
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4.

Main Crops, Co-Products, Residual and Waste streams

An excel spreadsheet was designed by the BioBoost partnership to collect data for production of a
crop inventory for each of the partner regions to input data and descriptive detail into a mini database and information about waste streams. This information is published separately on the BioBoost
website.

4.1.

Crops considered

The crops chosen for inclusion were tomatoes, lettuce, strawberries, peppers, cucumbers and
aubergines. Data inputs include product area, number of growers, tonnes produced and waste
produced.
Additional discussions were held between EFDC, a sub-contractor (Agri-Tech East), NIAB EMR and
NIAB regarding potential content for a survey. An ‘in-depth’ and a short questionnaire were
consequently devised and distributed to appropriate growers in the UK (plus other stakeholders in the
horticultural industry).
Graphs were produced (see Figures 25 to 28 below) using data from the spreadsheets completed in
each of the partner regions comparing total area of crops, and total production in tonnes/annum and
number of growers in the 3 regions for 2017/18.
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5000
4500
4000
3500
3000

UK

2500

Belgium

2000

NL

1500
1000
500
0
Tomato

Lettuce

Strawberry

Figure 25: Area of main crops in Flanders (BE), UK and Westland area (NL) Note that for lettuce and strawberry
this is a combination of glass and field cultivation.

These three growing regions have a number of features in common, as follows: they are all close to
one or more large cities; they are adjacent to the region with the highest population density for their
country; they have good transport links and good growing conditions (soil and weather). Although
data for the whole of the UK, gathered from DEFRA (Department for Environment, Food and Rural
Affairs) has been used, additional data gathered from growers in Kent indicates that they are growing
10% of the total UK production for the crops in question and data gathered from Lea Valley growers
indicates that they grow the remaining fraction. DEFRA also recently published its Horticultural
Statistics in May 18 with data for 2017. This data includes information on production, area, growers,
value and imports and exports. Therefore, although the UK data-set is partly derived from grower
discussions rather than centrally collected by government, it was concluded that apart from lettuce
(which is mainly produced in East Anglia) these crops are mainly concentrated in the Lea Valley and
Kent. These data have formed the basis for comparisons to be drawn between the three regions.
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The data used for Belgium, all relate to Flanders; reflecting the importance of the region; there was
no separate data available for just the specific small region of Roeselare.
300

Total Area of Crop (Ha)
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Figure 26: Area of selected crops in the Roeselare region of Belgium, UK and the Westland area of
Netherlands.
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Figure 27: Production per year of selected crops in Roeselare region (BE), Lea Valley area (UK) and
Westland area (NL).
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Figure 28: Number of growers of main crops in Roeselare region (BE), Lea Valley area (UK) and Westland area
(NL).

The results from the graphs in Figure 27 shows that UK Strawberries cover the largest area and lettuce
cultivation in Flanders in Belgium is the second largest area of cultivation. This may be partly due to
the fact that both of these crops are field-cultivated as well as under glass requiring a larger area.
More importantly, they are both very popular food choices. The UK home produced strawberry
market, for example continues to grow and is currently worth £283M per year.
Total crop production in tonnes per annum between the 3 regions was compared. It demonstrates
that the highest production figures were seen for tomatoes, particularly in Flanders (247,500 tonnes)
and Westland (220,000) tonnes, more than double that grown in the UK of 96,600 tonnes. This is
almost certainly due to advanced glasshouse technology and investment in these countries as well as
the popularity of the crop. The production figures for all crops approximately corresponds with size of
the cultivation area when comparing the three regions.
One factor that stands out here, when comparing these regions, is that the Flemish region around
Roeselare has an extremely high number of growers for tomatoes, lettuce and strawberries.
Discussion with the local stakeholders suggests that this is due, in this region, to there being a larger
number of small growers who grow a richer variety of glasshouse crops, compared to the large single
crop producers in the UK; such as for lettuce and strawberry or tomato growers in the Netherlands.
Cucumber production has also become concentrated in a small number of specialist growers in the
UK, responsible for the highest production in tonnes per annum. Westland by contrast has the lowest
production per annum but the highest number of growers; demonstrated in the lowest area figure.
It is clear that tomatoes are currently the most important and successful crop for all the partner
regions out of our six selected crops and require less land per tonnage than the other vertically grown
crops. In the UK, for example, growers produced 96,600 tonnes of tomatoes per annum, requiring
only 232 hectares of land, giving 416 tonnes per hectare, compared to 23,000 tonnes of peppers
grown in the UK requiring 86 hectares but only yielding 267 tonnes per hectare.
These comparative data should be viewed with some caution; production is in the process of moving
from field to protected (glasshouse) cultivation and this is not always easy to quantify from the data
provided. Similarly, the numbers of growers looks high in Belgium, but this may be due, for example,
to confusion between land ownership and production company.
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A major challenges for the UK horticultural production generally is that the industry is fragmented and
a un-collaborative approach (source Abbey view Ltd). Two new crops rapidly increasing in volume and
a growing industry for the UK Lea Valley growers are miniature cucumbers and sweet miniature
peppers for lunchboxes and other uses.

4.2.

Horticultural waste streams in the three BioBoost areas

Waste data was collated for our selected crops from the 3 project regions: Lea Valley UK, Roeselare
Belgium and Westland NL. These data are presented in the following sections; showing a comparison
of the amount of crop waste for each region. It should be noted that in the case of the UK,DEFRA
recently published UK Horticultural Statistics with data for 2017, but that this only covers production
quantity, value and exports etc. It does not provide any specific data on waste streams in the
horticultural sector. In view of this problem, we have interviewed selected growers from which we
have estimated data for the whole region, therefore the UK waste data for the has been extrapolated
from data supplied by circa 8-10 growers (depending on crop) in the Lea Valley region.
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Figure 29: Green and Crop waste (tonnes/year) comparison between partner regions
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Figure 30: Comparison of crop waste as a % of production between partner regions
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The results for the waste data have been calculated for the 3 regions. Due to the problem that not all
regions could provide separated crop and green waste data for every product, crop and green waste
data has been combined. What stands out the most from the graphs in figures 27-30 indicates that
Flanders in Belgium produces the least quantities of waste out of the three regions. Particularly
comparing the amount of crop waste produced each year as shown as a % of production. Flanders
produce the least for all the crops out of the 3 partners; there was no data available for aubergines in
the Flanders region. Westland produced the highest waste for peppers and aubergines, even when
presented as a percentage of production. The UK had the highest waste figure for strawberries, no
data was available from Westland.
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Figure 31: Lettuce wasted (tonnes/year)
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Figure 32: Lettuce wasted as % of production/year

Lettuce waste in the UK and Flanders (data was not available for Westland in NL)
Figures 31 and 32 above show the lettuce wasted in tonnes per year and as a percentage of production
per year. The UK data was provided by a major UK lettuce-producer, who estimates that 30% of lettuce
is wasted pre-farm gate. At least 15% of this waste is due to crop timing problems and 15% due to
genetic variation. This has been the subject of intense research over the past two years to identify and
reduce this loss of potential revenue. Some of the waste is due to retailer rejection and surplus that
was rejected by the grower due to retail specification on size or maturity. Recently, UK grower have
been working with the Eastern Agri-Tech Innovation Hub/NIAB to reduce waste by using computer
models to predict the optimum harvest dates. The model will predict the expected crop yield on a
particular day, so that negotiations of price and quantities with retailers can be optimised. Growers
are already reducing lettuce waste by using these prediction models.
One of the main outcomes envisaged following completion of this inventory is to determine why the
quantity of waste is different in the three regions and at which points in the value chain this is
happening.
4.2.1. Westland area, the Netherlands
From horticulture in Westland, 121 kilotons of organic residual material is released each year in the
production of foodstuffs and floricultural products. This amount is not evenly distributed over the
year, as shown in the figure on the next page.
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Figures 33 a, b, c, d: Distribution of the production of residual flows over the year for the different types
of crops. Source: Vision Document Westland Biobased (Municipality of Westland, 2015), the distribution is
an estimate of Wageningen UR Greenhouse Horticulture.

These waste streams are mainly collected by a local recycling group and composed at a local station.
The compost is used as soil amendments or as a growing medium. The growers incur costs for
collecting and processing the biomass (€ 35 / ton), after which the composter generates income with
the sale of compost. For tomato cultivation, approximately 30 tonnes / ha of biomass are collected at
the end of the growing season, bringing the total costs for the collection of the biomass to € 1050 /
ha. It can already be seen that if the growers improve the quality of the supplied biomass (replacing
traditional crop clips with compostable crop clips), lower costs for drainage can be calculated
(Vegetable News, 2013). The business case for biomass composting is not very profitable for both the
grower and the composter, because compost is low in the value pyramid (figure 6). The valuable
content substances present in the biomass are lost in the composting process.
The peak time for biomass processing is during the winter period, mainly due to the harvest and
establishment of new vegetable crops. The ornamental crops have their peak in the summer, because
the production there is highest and the production in many cases is focused on holidays (e.g. Mother's
Day). The green plants have a peak in January thanks to the action 'Christmas tree looks like, green
plant in it'. The uneven distribution of the amount of biomass through the year ensures that
conservation and a large storage capacity is required to run processing plants profitably.
Industry drivers in bio-based feedstocks
Apart from the woody crop residues, the crop residues contain about 30% cellulose and hemicellulose.
The basis for sugars. The woody crop residues (about 1% of the total supply of crop residues)
containing approx. 50-70% lignocellulose. When the free sugars present in the plant are removed
(starches, pectin’s, etc.), there are more complex sugars and other substances available that can be
extracted.
Some chemical industries have indicated that they want to switch to second generation sugars as raw
materials. The required quantities are in the order of several hundreds of thousands of tons of sugar
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per factory. Security of supply will play an important role in this and determine the location of
extraction facilities. In the Netherlands a study has been completed for extraction of sugars and fibres.
The study concluded that economic extraction is feasible for fibres, minerals and C5 sugars is possible.
4.2.2. Lea Valley, UK
There is a general lack of data to quantify horticultural waste streams in the Lea Valley because no
official data is available regionally or nationally. Lea Valley growers that responded to requests for
data were very helpful in providing an informed estimation of waste streams. They were also helpful
with additional information such as the restrictions they face in the industry:
• Waste from the glasshouse industry in the Lea Valley area is usually discarded into skips at a
cost of £135/skip to growers for collection. Some waste is taken by the council, mixed with
other green waste and used to produce soil conditioner. The waste goes through a harsh
sterilisation process during which much of the nutrient content is lost and is therefore of low
value as a soil improver. One grower reported at least a tonne of green waste per month and
100 tonnes of ‘end of crop’ waste
• Some crops, such as lettuce, which fail to meet quality standards area ploughed back into the
soil
• Exhausted rockwool waste is removed from grower’s sites, for which a fee is paid by the
grower. Reuse is limited due to possible virus contamination for the next crop,
decontamination is not currently cost effective
• Some rockwool in the UK is recycled to produce breeze-blocks, used in the construction
industry. All of the growers produce significant plastic waste (packaging fertiliser bags etc)
which is not currently recycled
• Harvest requirements dictated by the supermarkets in the UK are different to those in the
Netherlands and Belgium; for example, for red and yellow bell peppers, growers are not
allowed to harvest fruit with green significant colour. The crop must also fulfil strict criteria in
terms of size and shape, which leads to lower productivity and additional waste. At least 2%
of wastage is due to these misshapen crops; further waste is due to disease. This grower would
like to use their crop and green waste to produce heat energy for the glasshouses and to work
with innovators to produce compost for seedling and transplant production.
• Lea Valley growers are currently struggling to find land for expansion adjacent to existing
holdings; this is due to the conflict between the need for land for housing and crop production
near to London
• The total cost for refurbishment is generally more than for new building; this is due to the tax
and regulations governing refurbishment versus new build (Growers need planning
permission even for refurbishment
Elsewhere in the UK, outside of the Lea Valley, some work is underway to help bridge this gap between
waste generation and accurate spatial and quantitative food and crop waste data. WRAP (Waste and
Resources Action Programme) carried out some research in 2015/2016 to determine waste in the
supply chains of Lettuces and Strawberries. They aimed to understand both where in the value chain
and why waste was being produced. Their findings included the following:
WRAP study of Strawberry waste in the UK
A sample of 15 strawberry growers in seven counties across England were assessed; they estimated
that 9% of mature strawberry crop was wasted in primary production in the UK in 2015. This equates
to 10,000 tonnes across the whole sector, where total UK production according to DEFRA was around
130,000 tonnes. The central causes of waste were disease and pest damage and misshapen fruits,
which did not meet customer specifications. There was no evidence, however, of oversupply being a
major cause of wastage or cost to producers.
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A key reason for waste in the UK was found to be due to both EU and national regulations covering
specification for misshapen fruits. Strawberries fall under the EU regulation 543/2011, which
stipulates minimum standards for fresh strawberries; these relate to certain size, shape and colour
when sold. The EU regulations classify strawberries by quality through three classes- Extra, Class 1 and
Class 2. In addition, WRAP discovered that there are further UK regulations stipulated by retailers,
which require a minimum strawberries size of 25mms compared to the EU specification of 18mm for
class 1 strawberries. Fruit failing to reach Class 1 standards in terms of size and shape can still be sold
through Class 2 classifications, but badly misshaped strawberries become unsaleable on the fresh
market. Although strawberries can still be then sold in secondary markets such as through yoghurts
and jam etc, these are often economically unattractive ways of preventing waste for those growers
interviewed. The major causes of strawberries failing to meet Class 1 standards according to the
growers interviewed by WRAP were highlighted in their report. The economic costs to the UK of
wasted strawberry crop was estimated to be £24 million.
WRAP study of Lettuce waste I the UK
A sample of 14 Lettuce growers from 10 counties in England were interviewed. The survey covered
both whole head and baby leaf growers. The main types of waste emerging from the survey were:
whole areas of crop ploughed in before harvesting; individual unharvested heads; and pre-processing
trimmings. WRAP estimated that 19% of lettuce crop was not harvested by growers in 2015 due to
crop disease or failing to forecast the demand of customers (equivalent to 40,000 tonnes of
unharvested Lettuce).
Once harvested, growers estimated that around 24% of the lettuce head weight was left in the field
as a result of trimming. It was noted that this is an estimate and only accounts for whole head lettuce
production. Trimming methods were seen as an area for growers where wastage could be reduced.
The causes of lettuce waste, according to respondents were more complex than strawberries and
varied according to year and grower as demonstrated in data in the WRAP report (see reference
below). Reasons for ploughing in whole areas varied from customer programming, to forecasting,
sales, to overplanting; pest and disease was less variable. Quality assurance rejections were found to
be low at point of sale. Generally, oversupply of produce was budgeted at around 19% of total supply
and this was not seen to be a cause of concern or cost to producers. The value of wasted lettuce in
the UK is estimated at £7 million.
The WRAP report raises interesting questions around some avoidable causes of foods waste and at
which stages of primary food production they are occurring.
Sources:
- WRAP: ‘Food waste in Primary Production report 2017- a preliminary study on strawberries
and lettuces’
- DEFRA: Latest Horticulture Statistics- dataset 2017
4.2.2.1. Growers Cropping and waste survey (‘Survey Monkey’ UK)
The lack of official horticultural waste data available for the UK highlights the importance of the
grower’s surveys, which were completed on behalf of BioBoost. NIAB compiled and distributed an indepth survey to growers in the Lea Valley area. However, it turned out that it was not possible to
gather the information this way. Growers, apparently were sometimes reluctant to share their details,
because they considered that the information was commercially sensitive and could give competitors
advantage. No-one has sent back the in-depth surveys so it was agreed that the short ‘Survey Monkey’
based survey was the best solution to this problem. For the latter study. NIAB had 33 responses from
growers. The survey showed that 23 growers were interested to learn more about BioBoost and about
how our project can help them – enabling future interactions within the BioBoost regions. The full
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results from the Survey monkey short survey – ‘A survey to identify waste reduction options in the
horticulture sector’, can be found on the BioBoost website.
The Survey monkey questions are listed as follows:
Q1: Which of the following crops do you grow on a commercial basis, and in what quantities?
Q2: Where is your business based (including the majority of your production activities?)
Q3: Which of the following materials would you describe are the major by-products from your
business that lose you money
Q4: What proportion of your crop would estimate fails to reach the market (including failure of the
plants to establish / pests and disease / final product is below marketable quality /
overplanting to ensure consistency of supply).
Q5: Are you aware of any Governmental support (eg grants for R&D, business growth, training,
advice etc) for your business in your region?
Q6: If you have answered Yes to Q5, have you applied for, or benefited from this support?
Q7: What are the major limitations to increasing the productivity of your business?
Q8: Are you aware of any opportunities to add value to the material you currently dispose of (eg
extraction of high value chemicals from highly coloured plant products for the cosmetics
industry, fibres for packaging, food supplements etc)?
Q9: Would you be interested in finding out more about the BioBoost programme and how it could
help your business?
Q10: If you have answered Yes to Q9, please share your contact details below:
Some examples of the results from the survey:

Figure 34a 34b Survey Monkey data answers to questions 1 and 3 for the UK

Crops grown mostly under glass
Responders indicated which horticultural crop were grown by them and over how much land. Our
data shows that in the UK, the most important crop by acreage was strawberries and lowest in
Aubergine. This is backed up by DEFRA 2017 data, showing that strawberries are the second most
important horticultural crop by area in the UK after apples. Other crops grown include apples, pears,
cherries, blueberries, grapes and chillies.
Major by-products detailed in the UK survey
The following question asked; ‘which of the following materials would you describe are the major byproducts from your business that lose you money. This returned responses stating that 90% of waste
was due to damaged fruit, vegetable or other green waste; 33% was spent compost, 24% used pots
and plastic etc. and 21% water.
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This survey highlights the need for better green waste and spent compost utilisation, and that waste
water was a significant issue. The black soldier fly and meal worm; and the bio-pesticides pilot
activities in BioBoost are already addressing this needQuestion.4 asked ‘what proportion of your crop
fails to reach the market’ Respondents said that this was 15%, equivalent to more than50 tonnes/year;
see Figure 34. These results are shown in Figure 35 below.

Figure 35: Survey Monkey question 4: Proportion of crop wasted expressed as percentage of
responders indicating total amount of crop (tonnes/year) that do not reach market

Survey Monkey Question 8; Grower awareness opportunities to add value
Over 40% of respondents were not aware of any opportunities to add value to the material currently
going to sometimes costly disposal schemes. Others who are aware that there are opportunities (e.g.
extraction of Vitamin D was cited, but are not currently realising this potential. Some of the larger
more innovative growers such as G’s Fresh are aware and pursuing use of by-products. Others said
that they were open and ready to consider options but needed help.
A number of growers have low value solutions in place; for example, use of second class fruit is sold
under various retailer lower grade tiers; e.g. fruit juice mixes; ‘Basics’, ‘Perfectly Imperfect’ or into
animal food mixtures etc; while other material is used in AD plants. goes to bio-digesters”.
Several respondents that were not using by-products and waste were keen to engage with BioBoost
and other initiatives, particularly with respect to tacking customer acceptability of products. Many
cited the underlying problem of waste being very heterogeneous, relatively low in volume (insufficient
to justify changing processes/investing in solutions) and being produced in at non-predictable times
over the year.
Survey Monkey Question 7; What are the major Limitations to increasing the productivity?
Nearly all respondents indicated that there were a number of limitations (96.97%). They provided
details of major limitations as follows (grouped according to subject):
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•

•

•
•
•
•
•
•
•

•
•
•
•
•
•
•
•

Lack of skilled labour to increase production and harvest; especially if seasonally required was
flagged by nearly all respondents. Availability of labour in the future post BREXIT, was also
flagged as a future issue
Poor financial returns and low margins limiting investment was the next most serious issue
cited, exacerbated by high cost of equipment Unit cost of production c/w sale price, success
rate in achieving best grade produce
Lack of available growing facilities to expand; availability of suitable land
Costs; land/space set up cost, market value reduction; Availability of capital funds for
innovation/expansion Land availability, cash/investment capability
Irrigation/water issues, cost and availability
Plant quality, pest issues, climate change, and general uncertainty relating to weather
Reduced pesticide availability; resistance,
Restrictions due to agrochemical registrations, plant health/vigour
High waste production due to retailer specification, packaging changes; retailer specification
driving consumer perception of product quality. Short-term commercial drivers from the
business is restricting long term investment/innovation
Price wars from supermarkets - we are constantly increasing productivity but that can only be
sustainable at a certain price for so long
Farming culture (short term mind set such as making profit is the only goal of a business)
Constant local authority interference
Planning permission and the cost of obtaining approval for water once the new licensing
regulation are implemented for trickle irrigation
Lack of varieties that have a long harvest window
Resources, investments, bespoke R&D Data connectivity and analysis from field to point of
sale, tools to measure and monitor waste specifically along whole supply chain,
Soil management
Pace of technological change

In summary, the most pressing issues were difficulties in sourcing (skilled) labour, allied to very low
margins. Most also mentioned over restrictive local and government legislation limiting expansion,
land availability, use of resources, access to agro-chemical controls and use of waste. Finally, many
respondents noted the negative impact of large retail businesses; driving down prices, reducing
margins and increasing waste, to the detriment of their potential to innovate, expand or upgrade
resources. These issues together were seen to collectively prohibit their ability to embrace the concept
of a circular economy, waste recycling and adding extra value. Many were keen to try but did not know
where to go for help, funding, or innovation partnerships to help improve their businesses.
The scale of waste and crop co-products was higher in the UK region than was anticipated and the
amount of that waste that is used was lower than expected. Disposal costs incurred by these
businesses was therefore quite high. Less than half of the responders (42%) were aware of
governmental support but virtually all of those that were aware had benefited (LEP’s and LEADER)
from support.
Potential Innovations underway or being developed to utilise co-products
Some current innovations within the industry are already happening. APS Produce, who have a third
of the total tomato market in the UK, have developed a unique three stage bio-digestion process using
microbes specifically suited for the purposes required. The process involves gathering waste organic
material from tomato glasshouses (largely leaves and some stems) which are shredded and then fed
through the anaerobic bio-digestion in 3 stages. The first produces bio-gas which is used to produce
the energy to fuel turbines making electricity and by-products of heat and carbon dioxide, both of
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which are fed into the glasshouse to heat and nourish the tomato crops. The subsequent stages then
produce the precursors for the packaging trays and film to pack the tomatoes. In this process
everything is composted included the biodegradable string and growing slabs. This allows the site to
return all of its crop waste to the greenhouses organic soils helping to improve soil quality, heat for
the greenhouses and eco packaging for the product thereby creating a closed loop of waste recycling.
There are many small businesses using food waste in innovative ways in each of the regions. In the Uk
for example, The Eastern Agri-Tech Innovation Hub, has been set up and is being run by NIAB to
provide an incubator and to link growers, industry and research in support of SME’s with innovative
ideas to reduce food waste. These have included: black soldier fly waste; aeroponic vertical growing
solutions, drone mapping companies, olive waste used in crop protection products, soil health & green
insecticide trials as well as plant pigment research.
The NNFCC house Bio-economy Consultants in York who provide clients with a strategic view of
feedstock, technology, and policy and market development across the bio-economy, enabling them
Opportunity: extracting sugars from plant remains
Some chemical industries have indicated that they want to switch to second generation sugars as raw material.
The required quantities are in the order of several hundreds of thousands of tons of sugar per factory. Security
of supply plays an important role in this and largely determines the location.
A sequence of 3 process steps is required to extract the sugars from the plant remains.
1. Feedstock handling, in which large contaminants are removed (washed), the biomass is reduced
(chopping) and is split into a solid and liquid fraction (pressing). The solid phase mainly contains
lignocellulose, the liquid mainly sugars, proteins and minerals. The proteins can be heated or heated
acid blockage and, if appropriate, be used as animal feed. In the Netherlands 3 methods are
considered:
a. NREL ("washing, milling and homogenizing")
b. NewFoss (washing, sieving and enzymatic pretreatment)
c. Grassa (washing, pressing, protein removal)
2. Pretreatment, in which the lignocellulose is split into lignin, cellulose and hemicellulose. It is an
expensive one process step in the chain. Of the 10 currently known technologies, 3 are the most
suitable (autohydrolysis, steam explosion and dilute acid hydrolysis). Autohydrolysis comes in view
of the relatively low investment costs as best forward, followed by steam explosion. In the
pretreatment is hemicellulose already converted to C5 sugars
3. Hydrolysis, in which the cellulose and the rest of hemicellulose are enzymatically converted to C6
sugars.

to make informed business decisions and develop sustainable business strategies. They are working
on many projects which include the BIOBASE4SME (Interreg NWE). They are also looking at bio based
cleaning products for oil and gas industry, identifying greener hydrocarbon solvents and developing
bio based clothing items.
4.2.3. Flanders region of Belgium
In the complete horticultural sector, an estimated 283 000 tons of residues are generated, of which
are 79% food losses (edible) and 21% by-products (non-edible). 21070 tons of residues originating
from greenhouses (Roels en Van Gijseghem, 2017). These data do not include other non-edible
biomass that are produced during harvest (e.g. stems of Brussels sprouts, or tomato stems).
Besides the edible food residuals (by-products), large quantities of biomass of residual inedible
biomass (crop residues) also occur during harvest. For example, Sprouts are harvested from the stems,
which area then milled and incorporated into the soil. These harvesting practices thus result in
biomass such as foliage, leaves and stems. The total biomass of these crop residues may sometimes
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greater than the primary (edible) fraction. For Beans this is circa 148 %, 261 % for Brussels sprouts and
182 % for cauliflower foliage (Kips, 2017).
In 2014, the Flemish government and partners from the agri-food chain, formed a collaboration, called
‘Together against food loss’. At the beginning of 2015, a chain , ‘Food loss’ with nine proposed actions
was launched. The goal was formulated to reduce food loss in Flanders by 15% against 2020 and by
30% in 2025.
Valorisation of food residuals in Flanders
The most important valorisation of food residuals yearly generated by the Flemish agrifood chain, is
the production of feed for animals. 43% of all food residuals is converted to feed, 21% goes to AD
biogas installations, 17% is returned to the field as soil amendments (Roels en Van Gijseghem, 2017).
Of all Flemish food residuals, 92% is valorised (as feed, material or energy). In comparison, when
considering just horticultural food residuals, 62% is returned to the field, 18% is used in feed, 6% is
composted and 5% goes to AD biogas installations. 9% has an unknown destination (Roels en Van
Gijseghem, 2017).
In summary, currently these Flanders horticultural by-products are mainly processed for feed
applications or ploughed back into the field. According to the cascade principle, there are other
possible applications which would create higher added value. Based on the many scientific studies and
small scale projects, it can be seen that awareness has been raised regarding the potential added value
of converting fruit and vegetable by-products to food, feed and functional material products.
However, despite this recognition, there are very few actual successful implementations and scientific
studies are rarely leading to practical implementations (Kips, 2017).
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5.

Summary and comparisons between the regions

The most important encountered when collating information to produce this inventory was making
sure that all the data was consistent between regions and comparable. Flanders managed to provide
separate data for crop and green waste, which was sourced from official government data. After
discussions with Lea Valley growers, the UK were able to get a percentage of growers to also break
down their waste figures into crop and green waste.
However, these UK data were based on estimations from a sub-set of growers. Westland gave some
very detailed data for waste and co-products, but these data were not in the same format and were
not therefore readily compared with the Flanders and UK Lea Valley regions. We chose to compare
the main crops of the three regions (with additional comparison into North Kent). This however
introduced difficulties due to the fact that basic cultivation techniques in terms of field grown or
protected glasshouse cultivation varied both within and between crops across the regions.
This is in itself a useful output of this inventory in that it highlights that the industry infrastructure is
in a state of change, where infrastructure and growing resources are being upgraded and changed,
partly due to market forces and needs.
Data was derived from different sources; regional or national, in some cases it was from multiple
official and private sources. Belgium and Netherlands have better access to data and therefore a
greater understanding of the amount and type of co-products and waste generation. The UK can learn
from these areas and through this publication are now in a stronger position to inform UK government.
Businesses in all regions rely upon a combination of both a positive regulatory framework and clear
quantitative understanding of the local and regional generation of waste and co-products. This
inventory, together with the BioBoost strategy document will help businesses, especially growers and
SMEs to both identify and utilise waste products, thereby enabling a more circular bio-economy.
This inventory has highlighted the fact that the quantity of waste and crop co-products that are not
utilised at all was higher in the UK region of interest than was anticipated (particularly for strawberries
and tomatoes). The cost of disposal was also quite high. Westland also showed a surprisingly high
percentage in terms of waste for aubergines and cucumbers. Activity to reuse this material in the
Netherland area of Westland is more advanced than the UK and anticipated interactions in the future
are both vital and of high relevance.
In Belgium food loss is high priority activity; a collaboration, called ‘Together against food loss’ raises
awareness for minimising losses and processing residuals in new applications, preferably for food.
Driven by this aim data regarding crop and food losses are collected.
In addition to the main area of interest in the UK (Lea Valley) we have looked at subsidiary areas in
Kent and North of London in East Anglia and found considerable potential for waste utilisation from
fruit production.
All areas, but especially the Lea Valley and Westland to a lesser extent is experiencing a squeeze in
terms of replacing food production with residential building projects; it is therefore necessary to be
aware of new production areas that are growing.
All of the regions considered are impacted by legislation to greater or lesser extents, negatively
affecting both recycling and utilisation of some materials and preventing expansion and upgrading
growing areas with inherent improvement in recycling of residuals.
We encountered reluctance from both growers and farmer-supportive organisations, that were not
prepared to share full data with respect to waste and co-product generation. In the absence of
statutory data collection, this inevitably led to a delay both in both UK and Belgium data; and this
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report still suffers from paucity of data and/or our freedom to use it in this document. While this was
an issue for the project delivery, it is very useful to be aware of this reluctance, so that future initiatives
address underlying socio-economic and customer relationships that are driving and underlie these
concerns from growers. Furthermore, since data came in different forms and did not enable us to
compare waste/coproduct generation for the entire value-chain from seed to harvest and preprocessing for each of the three regions, the total proportion of waste as a proportion of harvest is
probably not comparable for all crops considered.
The BioBoost partnership concluded that the Westland region is benefiting from implicit links that are
being set up between different sectors as shown Figure 23 Section 3. Greenport, West Holland is a
network organization where companies, knowledge, chain organisations, governments and social
organisations are working together to develop bio-based business models in glasshouse horticulture.
Circular/bio-economy initiatives are creating new markets for horticultural products; including
residual materials and crops used as valuable raw materials for industry. Bio based Greenport WestHolland supports horticulture entrepreneurs and partners to convert plant waste to valuable
products. Greenport also supports diversification initiatives with new markets in biopharmaceuticals.
None of the regions yet have an ideal framework supported by regional and national government. In
the UK, for example, the relevant authority, Defra, is not currently contracted to collect waste data
for the horticultural sector, nationally or regionally. This inventory has now highlighted this omission,
and its importance of has been brought to the attention of the Government Minister (Michael Gove)
and the Defra Shadow Minister who are currently investigating the issue. Defra is also currently
working with WRAP to commission a report on waste in Horticulture. UK BioBoost partners have been
asked to contribute to this study which is ongoing using data from this document. This Inventory is
therefore already having the impact required in advance of publication
Similarly, senior representatives from the Netherlands have attended BioBoost events in June 2016
and November 2017 (Tim Heddema Agricultural counsellor at the Embassy of the Netherlands) and
have engaged with the project partners to better understand the constraints and benefits that can be
achieved from a structured circular bio-economy approach.

5.1. Main Conclusions of this BioBoost Inventory
The Majority of waste and co-product streams in each of the three regions covered are currently either
ploughed back into the soil or gathered and composted, mainly to anaerobic digestion for biogas
generation. In the Westland region (NL) region, growers, market gardeners, greenhouse companies
and trading companies produce around 285,000 tonnes of crop residues every year. The production
varies greatly per municipality and per crop. Glasshouse horticulture produces approximately 200,000
tonnes, of which remnants of the tomatoes and peppers crops altogether amount to approximately
170,000 tonnes per year. The municipalities in the Westland region, which each produce a significant
proportion of the country’s vegetables, are therefore important sources of feedstocks for new
products.
These co-products, represent the residual materials from mainly glasshouse horticulture, and are
mainly due to the remains of tomato and pepper cultivation. Once the cropping has been completed
in a given site, these crop residues are added to material from mowed road and ditch verges producing
an additional 50,000-100,000 tons of grass annually. All these materials are released in peaks. The
majority of horticultural material is produced in October-December (when greenhouses used to
cultivate tomatoes and vegetables such as peppers are cleared ready for replanting). A similar
situation is seen in the UK lea valley, except that the crop residues are primarily peppers, cucumbers
and aubergine crop co-products.
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Many farmers describe by-products as ‘waste’; this drives expectations and consumer acceptance.
renaming waste as ‘biomass residual streams and co-products’ will aid a change in producer mind-set
and consumer choice. The most significant waste products were green waste and crop co-products.
These should be the focus of new ideas and innovations.
Realisation of value from biomass in the three regions can be assisted by enabling the infrastructure
for clusters (platforms) where companies can work together with governance and knowledge centres
to value substances from the biomass, which could be termed ‘valorisation regions’.
The demand for (sustainable) biomass in the European regions will be much greater than the supply
by 2050 (source for the Netherlands PBL, 2013). This will increase the price for biomass and reduce
the threshold for transport over longer distances. There is a risk that growers will then find it profitable
to sell this biomass elsewhere. If each region wants to retain the benefit of added value within their
regional boundaries, it will be necessary to act now to implement the plans.
Waste streams are already used for compost or left on the field. The challenge is to organise new
business models to extract ingredients like sugars, proteins, minerals and fibres and find new endusers. This can be achieved by using mobile installations or by transport to central locations.
There are opportunities to extract other ingredients with high value for example, as ingredients for
cosmetics and natural crop protection products. A bio-based economy is about optimizing the value
of biomass. Prior to extraction of ingredients listed above, it is possible to use high-quality biorefineries to produce new ingredients and / or make products for non-food applications. At biorefineries, all parts of the plant (including non-edible parts) can be optimally utilised.
It is necessary, therefore to develop partnerships at different points in the value chain to produce new
products for end users. This requires a regional bio based organisation where partners in the valuechain can meet and develop new business cases. In the three BioBoost regions, some innovation is
underway, but this innovative process requires constant attention and drivers that fuel the process.
Since we are only at the start of the process there are few profitable business cases as exemplars to
emulate. Governments and advocates for the bio based economy need to invest in infrastructure and
communication to drive this process.
Interaction with growers has indicated that many are passionate about waste reduction and keen to
embrace the concept of a circular economy and bio-economy, bur require help guidance and
infrastructure to realise this aim.
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Appendix

1. Data on crop production and waste streams partner regions
An excel spreadsheet was designed by the BioBoost partnership to collect data for production of a
crop inventory for each of the partner regions to input data and descriptive detail into a mini database and information about waste streams. This information is published separately on the BioBoost
website.

2. Cropping and waste survey (‘Survey Monkey’ UK)
NIAB compiled and distributed a short ‘Survey Monkey’ based survey to fill in the lack of official
horticultural waste data available for the UK. The full results from survey – ‘A survey to identify waste
reduction options in the horticulture sector’, can be found on the BioBoost website.
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