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Executive 
Summary 

In Europe, anaerobic 
digestion (AD) is dedicated to the 
valorisation of organic waste as a 
source for renewable energy, though 
often combined with energy crops as 
input material. In many EU countries 
the introduction of favourable 
incentive schemes has resulted in 
the implementation of numerous 
active anaerobic digesters. About 
14,000 AD plants are in operation in 
Europe today, about 80% of these 
are located at farms [1]. However, in 
order to consolidate the role of AD 
as a renewable energy production 
technology, it is important to ensure 
the availability of sustainable biomass 
sources. According to the EU regulatory 
framework on renewable energy, the 
use of energy crops should be limited 
in the future. Where possible, biomass 
residues should be used to fill the 
gap. Residual grass from landscape, 
natural areas and roadside or airport 
management can be an interesting 
feedstock for AD plants. Findings from 
the GR3 project are incorporated in 
three manuals, each towards a different 
dedicated stakeholder group:  
I. local authorities (current manual), 
II. terrain managers, III. biogas plant 
owners and operators.

As will be shown throughout these 
manuals, grass residues can be digested 
producing renewable energy from green 
waste when taking into account a number 
of points of attention. A more detailed 
overview of the technical points of 
attention is provided in the manual for 
terrain managers (nature conservation 
organisations and stakeholders 
performing management of or roadside 
verges) and the manual for biogas plant 
owners/operators.

Today the energy potential of grass from 
public domains is mostly not valorized 
for economic reasons. Current practices 
already imply a high cost for authorities 
and currently the grass is usually either 
left on site or composted. Alternative 
valorisation chains, such as anaerobic 
digestion (AD), are underdeveloped 
and ask for both technical adaptations 
and reorganization of the grass supply 
chain. In either case, whether the grass 
is composted or left to decompose on-
site, the energy in the grass is lost and 
greenhouse gases (GHG) are released 
into the atmosphere due to natural decay. 
However, during the GR3 project we were 
able to identify some points of attention 
for the use of grass residues in anaerobic 
digestion

Proper use of grass residues from 
terrain management can yield from 
9 MWh (nature conservation or roadside 
verges [2]) up to 34 MWh (agricultural 
grass land [3]) per hectare in energetic 
value when converting to biogas. This 
is roughly equivalent to the annual 
energy consumption of 1-3 European 
households. This implies considerable 
opportunities, particularly for rural 
communities.

Next to the savings in non-renewable 
primary energy consumption – which 
implies a significant reduction of 
greenhouse gas (GHG) emissions – there 
are three other mechanisms through 
which AD reduces GHG emissions [4].

Roadside management in progress



Good practice guide for grass valorisation: RECOMMENDATIONS for local authorities

| 6

1. Avoided methane emissions
Methane emissions from manure storage 
contribute significantly to the overall GHG 
emissions in agriculture, but also when 
grass is left on site and/or composted, 
a certain amount of methane and other 
GHGs are lost to the atmosphere.

2. Biofertilizer production
Biogas installations do not only produce 
energy but also digestate which is rich 
in plant available nutrients and could 
serve as a replacement for fossil based 
fertilizers.

3. Carbon sequestration
When using digestate as a soil enhancer 
there is an amount of not readily 
biodegradable carbon that cannot be 
degraded or can only be degraded after a 
long period of time (order of magnitude: 
years). This means that year after year 
digestate added to the soil forms a 
C-sink.

To assess the environmental benefits, 
a life cycle assessment (LCA) was 
conducted to quantify the environmental 
impact of the complete AD valorisation 
chain. For this LCA, the main observed 
impact was attributed to CO2-emission 
savings. It was concluded that the 
environmental impact of AD was 
significantly lower compared to other 
biomass management techniques, such 
as composting. The full LCA report can be 
downloaded from the GR3 website.

From a practical perspective, 
there are two approaches in which 
local authorities can consider to 
stimulate energetic conversion of 
grass residues: 

First, through adaptation of the 
public tendering procedures for 
domains under their control in 
such a way that sufficient quality 
assurances can be provided in 
regards with mowing, collecting and 
preserving the biomass, in order for 
the grass residues to find their way 
to AD end-users in the conventional 
market. 

Second, local authorities can also 
directly invest in AD themselves, 
thereby controlling the entire 
value chain of terrain and waste 
management to final energy 
production and auto-consumption. 

For further in-depth analysis of economic 
feasibility and profitability, we refer to 
the manual addressed towards biogas 
owners/operators as well as the full CBA 
(Cost Benefit Analysis) report which can 
be downloaded from the GR3 website.
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1. Introduction

The European IEE–GR3 project (Intellegent Energy Europe – Grass as a 
GReen Gas Resource) aims to increase valorisation of grass residues by promoting 
its use through anaerobic digestion. Today’s grass management is mostly aimed 
at reducing fire risks in nature conservation areas and increased road safety (road 
quality and visibility). In some cases grass is mowed to induce greater biodiversity. 
Before grass can be efficiently valorised in anaerobic digestion plants, the grass 
management value chain needs to be reorganized on a local/regional level. Such 
initiatives also make sense in a broader framework of local and regional climate 
change initiatives.

The Renewable Energy Directive (RED) requires all member states to reach 10 % 
renewable energy in transport by 2020, while their overall share of renewable energy in 
gross final consumption should vary between 10-49%, depending on the country. The 
national action plans made by member states in this framework indicate that – depending 
on the member state – a significant increase in biogas production is required.

To be able to fulfill the goals set by the European Union, new and sustainable feedstock 
is needed. Generally speaking, livestock effluents are abundant and easy to use as a 
feedstock. However, this does not apply for all countries and regions within Europe. 
Even when manure is available, manure is commonly co-digested with other easily 
biodegradable substrates with a higher energy density to increase the economic viability 
of the plant. In recent years, the shortcomings of different biobased energy supply 
technologies relying on energy crops (including biogas) have been uncovered. It is clear 
that there is a need to find new and more sustainable organic substrates for biogas 
production. Grass residues from terrain and road side management can fulfill this role, 
if done properly. The current series of three manuals aims to address challenges and 
opportunities.

Although there are a number of existing cases within Europe (see also examples provided 
in chapter 6 – case studies) where grass residues are valorized in AD, the wide application 
of grass as a feedstock for AD faces a number of challenges.

Compared to today’s common practice (composting or leaving it to decay on-site),  
AD has two main (environmental) advantages: (1) production of green energy (biogas)  
and (2) avoided greenhouse gas emissions.

From an environmental point of view, the process of AD seems a more sound approach 
for the valorisation of grass residues compared to composting. The social benefits (and 
consequently potential benefits for policy makers) are easy to deduce: polluting fossil 
fuels can be replaced by a greener energy source while greenhouse gas emissions from 
the natural decay of grass residues is avoided.

Nonetheless, the use of grass in anaerobic digestion plants also comes with a number of 
preconditions. A sufficient grass quality (fresh and clean) is probably the most important. 
Therefore a number of quality assurance (and control) steps need to be implemented 
in the existing supply chain before digestion plant operators can restfully use grass as 
an input. Local authorities (mainly the municipalities) have an important role in creating 
a transition since they either execute the mowing works themselves or describe the 
preconditions for execution of the mowing works in the contracts for subcontractors. 

Why anaerobic digestion?
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In essence, municipalities and other local authorities can adopt two strategies to 
induce a transition towards alternative valorisation (through AD) of residual grass: they 
either reorganize their own grass management system (potentially including their own 
AD-installation) or encourage their subcontractors to reorganize their routine through 
adaptation of tendering procedures and/or contracts. 

This approach is already being used in a number of municipalities in Europe. However, to be 
able to make such a transition the alternative needs to be economically viable, potential 
social benefits or drawbacks and legislative obstacles need to be taken into account. 
One of the more complex realities of grass valorisation through anaerobic digestion is 
that these parameters can vary between regions (vicinity of valorisation plants, density 
of suitable grass patches, etc.) and asks for a case-specific approach. This means that 
every municipality needs to develop a tailor-made business case in order to be able to 
investigate the economic viability.

For further in-depth insights in the economics of the value chain converting grass 
residues to green gas, we refer to the dedicated manual for biogas plant owners and 
operators.
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2. The grass 
value chain

2.1 Key technical issues

Mowed grass can be processed conveniently into an attractive feedstock for biogas 
production. However, a number of key (technical) issues need to be taken into account.
It all starts at the very beginning: the selection of the field, the time of mowing and the 
mowing technique. These actions will largely determine the quality of the grass and its 
eventual suitability for AD. In this context ‘good quality’ corresponds not only to grass 
with a high BGP, but also to a low contamination with litter and sand. Especially the BGP 
of the grass defines if it is economically profitable to invest in additional treatment. There 
should be a balance between the cost of the supply chain (and potential additional pre-
treatment) and the revenue from energy production which is directly related to the BGP.

Once the grass is mown, it is collected and transported. After transport, different pre-
treatments can take place, depending on the quality of the grass. It is clear that the BGP is 
an important parameter in AD of grass. Since pre-treatment usually results in a higher BGP 
it should be considered as an important step in the grass supply chain. If contamination 
with sand and litter is too high, the grass needs to be cleaned first. Afterwards, to 
increase the grass BGP, biological, chemical and/or physical pre-treatments can be done. 
These result in a reduction of the grass length and a partial breakup of the lignin. Especially 
for wet AD, the reduction of the grass length is important to avoid technical problems.

When using grass as a feedstock for AD, large quantities of input material need to be 
processed at the same time in the same place/area and in a relatively short period of 
time. If the digester is unable to freshly process the grass, part of the harvest should 

be ensiled. The unprocessed grass should be delivered at 
once so it can be ensiled quickly, minimizing BGP losses. 
This poses a logistic challenge, especially when grass from 
several smaller fields needs to be collected at the same 
site. Good agreements and communication amongst the 
different parties involved in the grass value chain are key for 
a successful business case. 

All of these issues are discussed into more detail below. 
Subsequently, the facilitating role of social economy in the 
production chain is explained.

Unloading of a mowing trailer in a silo



Good practice guide for grass valorisation: RECOMMENDATIONS for local authorities

| 10

2.2 How to organise the value 
chain – a roadmap to success

When aiming at the valorisation of the grass clippings in a biogas plant, every step within 
the valorisation chain should be well organized and accepted. In this chapter the different 
aspects to take into account are introduced. 

There is a substantial difference between the quality of grass coming from urban areas 
and roadsides, and grass coming from nature management or natural fields. Grass from 
nature management or natural fields is mowed for biodiversity purposes once or twice a 
year – depending on the necessity – while grass from the management of roadsides and 
urban areas is cut only when needed. Grass from urban areas is more likely to contain litter 
than grass from others areas.

Since grass quality is vital for a good operation of the digester, not all of the before 
mentioned grassland types are equally suitable as AD feedstock. This is especially true 
for most wet digesters which cannot accept biomass of considerable size (< 2 cm is 
desirable) or biomass rich in inert material (e.g. plastic, stones, glass, sand). In the case 
of dry type small modular digesters (also in common tongue referred to as ‘garage-box’ 
digesters) grass quality is important to optimize biogas yields but is of minor importance 
on an operational level as dry digesters of different design types tend to be able to handle 
impurities (both antropogenic (e.g. litter) and natural (e.g. sand, stones)) better. 

Nature management/conservation areas are often flat and easily accessible. These areas 
are ideal for recovering biomass compatible with AD while reducing the need for additional 
cleaning. Taking into account the danger of contamination with inert material, fields with a 
lot of molehills, wooden vegetation and rocks should be mown very carefully. Grass from 
roadside verges is also suitable for AD, but litter should be removed from verges prior to 
mowing. Therefore it should be taken into consideration to exclude roadside verges with a 
high risk of pollution (e.g. close to exits of highways). Nonetheless, recent research [5] has 
shown that metal concentrations in roadside verges are not particularly alarming in the 
current day and age whereas it was a point of attention historically (e.g. Pb is not added to 
fuels anymore). Only case-specific assessment will determine whether increased risks are 
to be considered, but assumed risks due to pollution by vehicle exhausts are by far not the 
general rule anymore.

The overall conclusion should be that the mowing location must be selected carefully. This 
will reduce the costs further down the value chain [2].

Important note: 
As grass originating from meadows and nature management areas is possibly 
of very high quality, it should be considered to be used it as fodder for cattle. Of 
course, this consumption as fodder should be prioritised to using the grass for 
anaerobic digestion (food vs. fuel). On the other hand, the presence of herbs (e.g. 
Senecio jacobaea) that are highly toxic (and even lethal) to certain animals can 
exclude some good-quality grass from fodder use. It is this latter type of grass that 
is of high interest for anaerobic digestion. 

2.2.1  
Which types of grassland 

should be considered  
for AD feedstock?
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The BGP of grass is dependent on the type of grassland (and the prevalent grass species), 
but also the time of mowing and the number of cuts per year/season have a significant 
influence on the grass BGP. Poor digestibility of grass residues is mostly due to a high 
lignin content. Lignin is a natural component of the plant cell wall and increases the 
resistance to biological degradation.

Young grass has a low lignin content, older grass with pedicels has a much higher lignin 
content. In general, grass mown in summer will have a higher lignin content than grass 
mown in spring. The lignin content of grass mown in autumn will be even higher.

Therefore the time of mowing and a good planning is of major importance for a good 
biogas production from grass. In case there are no agreements concerning the time of 
mowing, the grassland manager will choose a time frame which is most convenient for him, 
but which does not necessarily coincide with a favourable grass BGP. Moreover, a number 
of regional legal preconditions result in a high variability in the time of mowing between 
regions. For example: for roadsides there is a (legal) time slot during which the grass can 
be mown (ranging from May to October-November).

From the above it is clear that the period of the (first) cut is a decisive factor in the 
suitability of grass for AD. Areas where grass is cut in spring (early cut) are of specific 
interest for AD because of the low lignin content. When the grass is used for the 
production of biogas, 2-3 cuts per year are recommended. More cuts have no added value 
since the amount of biomass that is harvested per hectare would be insufficient to yield 
significant ecological, economic and energetic benefits. The overall balance may even turn 
out negative.

In a nutshell, AD prefers areas with an early first cut. Ideally, the first cut should occur 
around April-May. From a biogas production perspective, any cut after August-September 
is of little interest because of the high lignin content (and low BGP) of the late season 
grass. The BGP prediction model developed in the GR3 project (see project website) takes 
into account a drop in BGP for grass mown in September compared to the same grass 
mown in May.

2.2.2  
Planning
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It is important to limit the amount of sand in the biomass. Sand can accumulate in the 
reactors of digesters and damage mechanical devices (e.g. pumps, mixers). When sand 
is present, an extra pre-treatment step is needed for a good plant operation which in turn 
lowers the economic margins of the plant. Dry type digesters are more robust and in most 
cases the influence of sand on the plant operation is limited. If the presence of sand is a 
known issue, it is advised to keep a distance of about 10 cm between the mowing head 
and the ground level. The type of mowing machine also makes an important difference. 
For example, the use of a disc mower resulted in a significant lower amount of sand in the 
biomass compared to the use of the more common flail mower. Experiments found that a 
disc mower can reduce soil uptake 8 times compared to a flail mower [4].

Table: Overview of the characteristics of different mowers

Mower Type Flail Disk Drum Rotary Cutter bar

Efficiency High Moderate High High Low

Disruption of the terrain Very high Moderate Moderate High Low

Terrain level All Even Even Very even Very even

Vegetation Grass and bushes Grass Low grass Low grass High grass

Obstacle sensitivity Very low Moderate High Low Very high

Collection the grass Suction possible Picking up Picking up Suction possible Picking up

Quality of the clippings Shredded,  
high sand content

Not shredded, 
in windrows

Not shredded, 
in windrows

Reduced size Not shredded

Best used on Roadsides, 
watercourse banks

Grassland Grassland Grassland Difficult accessible 
grassland

For wet digestion the grass should be free of impurities and shredded to pieces of 
maximum 1-2 cm before it is fed to the digester. In order to do this in a cost effective way, 
good coordination of the various players in the value chain is vital. Self-loading systems 

have the advantage that machinery can cut and load at the 
same time and the distance only needs to be covered once 
instead of twice. On the other hand the mower needs to 
stop mowing to unload when the trailer is full. In this case 
temporary storage awaiting transport is needed. To load the 
trailers a telehandler is needed. When the grass is being 
mowed by rotary, disk or drum mower, a second and third 
passage is needed to put the grass on windrows and to 
pick up or bale the clippings. If the grass can’t be processed 
immediately, temporary storage is needed as well. By 
ensiling the grass in a bunker silo the grass clippings can be 
preserved for several months. 

2.2.3  
The art of mowing

Mowing of roadside verges with a pneumatic arm
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Table: Best mowing method for different types of grasslands 

Roadsides Watercourses Nature areas Agricultural areas Vineyards (only Italy)

Mowing type Semi-mounted or self-
propelled: Flail mowers 
with horizontal axis 
rotor 

Semi-mounted or self-
propelled: Flail mowers 
with horizontal axis 
rotor

Rear semi-mounted or 
low-powered self-
propelled: Flail mower 
with horizontal or 
vertical axis rotor. Disc 
mower for haymaking 

Semi-mounted by 
tractor: Flail mower 
with horizontal axis 
rotor. Alternative cutter 
bar

Flail mower collector 
with horizontal axis 

Technical data Cutting width  
max. 1.50 m,  
Wagon capacity:  
max. 16 m³,  
Average working speed 
6-7 km/h

Cutting width  
max. 1.50 m,  
Wagon capacity:  
max. 16 m³,  
Average working speed 
6-7 km/h,  
Alternatively baler with 
diameter of 1 to 2 m

Working width  
max. 1.8 m;  
container capacity 
max. 2.5 m³;  
tractor power  
max 40 kW 

A disc mower 
uses horizontally rotating blades, this causes less turbulence, which results in a lower 
uptake of sand. Due to the horizontally rotating blades, however, it is less flexible, so it can 
only be used on flat fields. In addition, when using this type of mower, the grass should 
be shredded afterwards to reduce the fibre length. This can be done on the field or at a 
storage place. Conclusion: a disc mower limits the sand content, but an additional effort is 
inherent to this way of mowing.

The flail mower 
is standard equipment when mowing roadside verges. It is more robust and flexible 
compared to a disc mower, but does not fully meet the requirements for most digesters 
because the sand uptake is quite high. However, if carefully used, the flail mower can 
also yield a good quality product, but it is important to use Y-shaped instead of chisel 
shaped flails as they reduce the uptake of sand. Unfortunately, Y-flails are more likely to 
break down. If a sand removal system is installed at the biogas plant, or in the case of dry 
digestion, the flail mower could be a preferred mowing technique. 

Generally speaking a disc mower limits the sand content in the biomass, but an additional 
effort is needed to reduce the size of the grass particles.
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Another interesting mowing device was developed by 
Herder (picture). It is called an ‘ecological mower’ and was 
initially designed as an alternative to the flail mower to 
reduce the detrimental impact on the fauna and flora of 
verges. By using the rotary mowing elements, a sharper 
cut is achieved and turbulence is decreased. The result is 
that sand uptake decreases significantly and small animals 
and seeds remain in the verge instead of being sucked up 
together with the grass [4],[6].

Although the general rule is that grass should be 
harvested and fed to the digester as fresh as possible, it 
is recommended that grass for ensiling has a dry matter 
content between 25% - 35%. This means that grass 
clippings with a low dry matter content, e.g. grass mowed 
in spring intended for ensilaging, can remain on the field 
for one day (depending on the weather conditions) in 
order to reach the desired dry matter content. Ideally, the 
mowing works are planned during a sunny and dry period 
in accordance with common practices in agriculture. 
Wet grass is much more difficult to transport (and store) 

properly. For grass harvested in summer and autumn it is advised to transport and store/
ensile it immediately. When grass is left on-site for several days before collecting, the BGP 
decreases significantly. 

Ecological mower (Herder)

Rapid degradation of grass residues if not treated and stored properly:  
left, freshly mown grass; right, grass after being left on a heap for 1 week
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Because of the associated cost, cleaning of grass as a pre-treatment to anaerobic 
digestion should be avoided. Most obstructive contaminations can be avoided if the best 
practices are followed. Even though it can be tempting for a digester to accept lower 
quality biomass, because of the favourable gate fee, caution is required and a good quality 
control and/or additional pre-treatment is of particular interest. Indeed, cleaning of the 
material is essential to avoid problems like clogging or physical damage to pipelines and 
machinery.

A cleaning step can be done either to remove larger inert material (e.g. cans and plastic), 
or smaller inert material like sand. The approach is slightly different but the bottom line is 
that both fractions should be removed to avoid mechanical problems. The removal of bulky 
material (e.g. plastic bags, cans, bottles) can be obtained through a drum sieve while sand 
is often removed by washing or sedimentation. Pre-hydrolysis tanks like any other kind of 
storage tank prior to digestion, can help in the removal of sand. After a while the sand will 
settle under gravitational influence after which it can be removed from the bottom of the 
tank [2].

In AD, pre-treatment is applied specifically to increase biogas production. Most 
techniques aim at increasing the contact surface and reducing fibre lengths, so that the 
biomass can be digested faster. In addition, the pre-treatment can also lead to a reduction 
of the grass length, decreasing the chances of technical problems in the digester. In 
most existing biogas plants adapted machinery and additional pre-treatment steps will 
be necessary in order to successfully digest grass. Especially for wet type digesters with 
a continuous operation an infrastructural reorganization is needed in order to be able to 
receive large quantities of grass. 

This activity within the value chain generally occurs at the location of the biogas plants. 
For more in-depth information on grass residue pre-treatment, we therefore refer to the 
manual for biogas operators. 

Grass is preferably digested fresh. However, as the mowing works in landscape 
management tend to be done in a limited time window, it can be advantageous for a 
digester to ensile the grass clippings. Ensiling is a technique to store grass for longer 
periods of time (typically months) while preserving the grass BGP. This is done by airtight 
(and thus oxygen free) storage of the grass under a cover made from inert material. 

To make good silage the DM content of the grass should be between 25 and 35 % [7]. 
The grass length should be <2 cm in a wet AD, but smaller particle sizes are preferred. 

The particle size of the grass should be reduced prior to 
storage/ensilaging to increase compaction of the grass and 
avoid oxygen entering the silage.

After the biomass is compacted it must be covered. It 
is advised to use a bunker silo. This is a horizontal silo or 
trench silo with concrete floor and walls [8]. In most cases 
the silo will be located at the AD-site. This allows the AD 
plant operator to control the grass quality before it is 
ensilaged. Other possibilities include silo bags or plastic 
bales; this last technique is more costly and labour intensive 
than the others, but might be useful when handling small 
amounts of biomass [9]. The same applies for the silo bag, 
however this technique was developed more recently and 
some adjustments may have to be made for handling grass. 
Well-built silos do not leach and carbon losses are limited 
(<10%).

2.2.4  
Cleaning

2.2.5  
Pre-treatment  

and adapted machinery

2.2.6  
Storage

Storage of grass in silo bag



Good practice guide for grass valorisation: RECOMMENDATIONS for local authorities

| 16

As stated earlier it is best to process the grass in the digester as soon as possible since 
contact with oxygen initiates undesirable microbial activity in the grass resulting in loss 
of BGP. Therefore, if large quantities of grass are delivered, the process of ensiling should 
start quickly (within 48 hours after mowing). This should be taken into account when grass 
from several smaller fields needs to be brought together.

Ensiled biomass should be digested at a steady pace after opening. For a bunker silo at 
least one meter of the silo should be fed each day. Opened silage can lose up to 25 % of 
its BGP in 5 days [10]. 

An overview of the different storage techniques is given in the table below.

Table: Different storage techniques and their strengths and weaknesses 

  Wrapped bales Bunker silo   Silo bag Trench silo

Strengths Flexible storage space and 
good preservation when 
sufficiently dried

Available in all sizes,  
a well-known process

Easy sealing and adding
Different sizes available,  
for different capacities

Simple and cheap

Weaknesses Spontaneous combustion 
possible when stored too dry
Chopping is necessary before 
digestion
Grass has to be mowed with a 
drum or disk mower
Financially more interesting 
when ensiling small quantities

Large investment for 
concrete structure

Labor-intensive
A lot of plastic waste
Expensive

Knowledge and precise 
finishing are needed in order 
to get good ensiling results

Volume (m3) 1-3 1000-4000 240-1250 1000-4000

Wrapped bales (left) and an open bunker silo with compacted grass ready to be closed (right)
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2.3 Can social economy help?

The social economy (SE) employs low-skilled, unemployed 
or otherwise disadvantaged groups. These target groups 
can also be employed for the valorisation of grass clippings. 
SE is suited for labour intensive tasks which demand a high 
flexibility. Furthermore, SE labour is possibly cheaper than 
that of labourers working for private companies potentially 
making grass valorisation more economically feasible. A 
number of different tasks in the value chain are suitable 
for SE, but in general it can be put forward that SE is best 
suited for labour intensive tasks, demanding little to no 
mechanical assistance. For the following tasks, SE might 
offer a suitable alternative: 

Obstacle mowing
Large mowing machines are unable to handle the presence of certain objects that 
are encountered frequently in verges, including traffic signs, trees, etc. These 
machines also have difficulties in reaching wet or not easily accessible grassland 
machines. Furthermore, they can damage ecologically valuable locations. In all of 
these cases, SE labour can provide an alternative.

Logistics
Depending on the scale of operation, SE can also contribute to the value chain when 
it comes to logistics. The valorisation of smaller amounts of grass will turn out to 
be expensive when using traditional means of transport. Through SE, labourers can 
coordinate the collection and transport of smaller volumes of grass residues. A case 
study for a similar scenario (for biomass in general), was investigated in the ESF Co-
4-Energy project. This showed that a cooperative, making use of SE, can be profitable 
when it collects smaller biomass streams for AD [11].

Biomass hub / recycling centres
Fast and proper processing of grass clippings demands a well-organized logistic 
chain, just like biomass in general. Biomass hubs or recycling centres can play a 
crucial role, through supply and demand balancing. SE can be employed to ensure the 
correct separation of biomass streams.

Litter removal
Grass residues often contain litter, especially in grass 
clippings from roadside verges. The removal of this 
litter is necessary before the clippings can be used 
further downstream the supply chain. Depending 
on accessibility, this litter can be removed before 
mowing (e.g. along secondary roads), or during the 
pre-treatment (after the removal of the clippings). 
Both are tasks suited for social economy workers. 
Litter removal from roadside verges is well known, 
but recently a demonstration project illustrated the 
removal of litter from grass clippings by a SE labourer 
after mowing. The cleaned grass was successfully 
digested afterwards [12].

Social economy at work

Social economy at work along the roadside:  
litter control before mowing increases the biomass quality



Good practice guide for grass valorisation: RECOMMENDATIONS for local authorities

| 18



Good practice guide for grass valorisation: RECOMMENDATIONS for local authorities

| 19

3. Digestion  
of grass

According to De Moor et. al [13] co-digestion of 20% grass as a replacement 
of energy maize in a typical Flemish agricultural digester (assuming an input of 30% 
manure, 30% maize silage and 40% side streams) does not create any biological 
difficulties, nor does it have an impact on biogas production. In certain cases the 
percentage of grass residue can be a lot higher especially in case of a dry digester – 
as proven by a number of German GR3 case studies. For one dry type digester grass 
represented 65% of the total biomass input (see chapter 6). In this chapter a deeper 
insight is given on the aspects one has to consider for actual digestion of grass. 

3.1 Digester type (dry or wet)

The impact of the particle size and the necessity of a pre-treatment step are influenced 
by the type of digester. 

When working with a “wet digester” it is important to reduce the size of grass and avoid 
inert material in the input, as this could lead to technical failures. This type of digester 
works with a dry matter content of about 10% (or lower) resulting in the fact that grass 
should be co-digested with a more liquid type of biomass to achieve the desired dry 
matter content [13].

On the other hand “dry digesters”, or garage-box like static digesters, are able to use 
grass without pre-treatment: e.g. the possible contamination is not an issue, but smaller 
particle sizes yield a better biogas production in dry digesters as well. In dry or garage type 
digesters grass at 30-35% dry matter content can also be used without pre-treatment. 
Nevertheless it is advised to always perform a co-digestion with a more easily degradable 
biomass (e.g. energy crops) in the case of dry digestion. This is in order to assure that the 
anaerobic process evolves in a smooth way with an optimisation of the biogas production.
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3.2 Biogas potential and  
energy recovery 

Grass originating from areas with 2 to 4 (or more) cuts per year, is characterized by a high 
biogas potential: typical yields are in the range of 500 to 600 m3/tonne DM with a CH4 
content around 55%. On the other hand, grass mowed only once per year shows a high 
lignin content and a relatively low biogas potential, around 200-350 m3/tonne DM. When 
considering the expected dry matter content of this grass, these values correspond 
to a biogas yield in the range 80–150 m3 of biogas per tonne of fresh material, a value 
which equals half of the typical 200 m3 biogas obtained from 1 tonne of maize silage. For 
an easy comparison one can state that 2-3 tonnes of poor grass silage will produce the 
same amount of biogas (and methane) as 1 tonne of maize silage.

Clearly, the retention time of the digester is a crucial parameter. If the retention time is 
long enough, i.e. > 60 days, the biogas yield will be maximized, while a shorter retention 
time will yield a lower biogas production. Grass with a high BGP will degrade faster.
In literature, there are various and multiple reviews that compare biogas / methane 
production potential from grass residues originating from different land use types, 
different periods of harvest (and ‘cuts’) and different methods for preservation. Based 
on literature investigation and own research results [3],[13],[14],[15], the energy potential is 
situated in the broad range of 300-800 Nm3 biogas per dry mass and ~ 150-400 Nm3 
methane per tonne dry mass. Taking into account an average dry weight of 25-35% and 
the energy content of methane being 10 kWh/Nm3 this can be further converted to a 
potential of 500-1,250 kWh gross energy yield (burning value) per tonne of fresh weight 
biomass. Within the GR3 project, a tool was developed that takes into account the various 
parameters that influence energy yield:

 http://www.grassgreenresource.eu/grass-prediction-tool
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4. Legal conditions  
for grass as  

a substrate for AD

4.1  European legal framework

The main regulations for the different origins of grass refer mainly to European waste 
definitions. The figure below illustrates the different origins of grass, clustered towards 
grass as greenery cuttings from private and public areas, grass as landscape materials 
from nature conservation areas and grass as agricultural permanent grassland. 

Grass legal cluster by origin

grass origins

greenery  
cuttings

landscape 
materials

roadsides/ 
industrial area

airport area

floral remains from 
river maintenance

garden, park, 
cemetery, sports 

area

extensive 
permanent 
grassland

unexploited 
grassland

sportsarea

agricultural 
management

nature 
conservation 
management

public areas agricultural
areasprivate areas protected  

areas

golf courts

households
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The main EU directives on waste management as well as the national implementations 
of these directives in the different partner countries mainly focus on waste definition, 
collection and treatment options, approval procedures and application as fertilizer on soils. 
The Waste Framework Directive (2008/98/EC) legally defines the term organic waste as 
“biodegradable waste from garden and park area, from household’s food and kitchen, from 
restaurants, caterers and retailers and similar waste from food processing”.

Generally speaking, biowaste shall be collected separately “if technically, environmentally 
and economically practicable”. European legislation still allows incineration1 and landfilling2 
of biowaste under certain conditions, but facilitates national legislation on separate 
biowaste collection and biological treatment in order to produce environmental safe 
compost and other materials. In many countries landfilling of biowaste is still common 
practice. The operational responsibility of biowaste collection shall be organized by single 
member states waste management legislation. The biowaste treatments considered  
in this study are composting and anaerobic digestion. Where composting is considered  
as recycling – on the condition that the compost is used as a soil enhancer/fertilizer –  
AD is categorized as an energy recovery technique. The acceleration of biowaste as a 
sustainable resource for bioenergy supply is stipulated in the Renewable Energy Directive 
(2009/28/EC). Grass as a residue is defined under the biomass definition (biodegradable 
fraction of municipal waste) and hence eligible and accountable in the national renewable 
energy share calculation used to quantify the country specific climate targets. 

1  The incineration of biowaste is regulated in the Waste Incineration Directive  
(2000/76/EC) with limiting emission thresholds.

2  The Landfill Directive (1999/31/EC): member states have to reduce the amount of biodegradable 
municipal waste to 35% of 1995 levels by 2016 (for some countries 2020), requiring the 
diversion of biodegradable municipal waste from landfills.
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4.2 Comparison of  
national legislation  
in partner countries

The table below describes the different regulations which affect grass digestion in each 
GR3 partner country. 

DENMARK FLANDERS ITALY GERMANY PORTUGAL

Incentive for renewable energy (electricity) production

Feed-in tariff system3 1 1 1 1

Quota certificate system 1

Extra incentives/ restrictions on heat use 1 1 1

Grass as waste 

More specific national organic waste definition4 1 1 1

Separate (regularly paid off) municipal collection 1 1 1 1 1

Bring system to municipal greenery parks 1 1 1 1 1

Mutual collection with household waste 1 1

Gate-fee for grass 1 1 1

Extra incentives for renewable energy production 1 1

Grass as a product

Extra incentives for renewable energy production !

Gate-fee for grass 1

Restriction on digestate management  
dependent on different grass origins 1 1

Legend: 

1 legally valid since 2014

! legally valid for biogas plants installed before July 2014

1 dependent on municipalities

3  Feed-in tariff: payment by the government (except for Flanders: payment by the electricity net 
operator). 

4  The European definition refers to the single places of origin and not to the single input biomass. 
The GR3 target countries generally comply with this definition in their national waste legislation. 
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4.3  Synopsis of legal issues  
in GR3 countries

Grass as an input material in biogas plants can be used and is registered as biomass 
input material to receive either the national feed-in tariff or green certificates in quota 
schemes. Most of GR3 countries have implemented a feed-in tariff legislation where fixed 
price/ kWh of biomass electricity is guaranteed for a designated time. Both instruments 
are steering directly the electricity production from biomass via the use of conversion 
technologies. Special attention is given to biowaste input materials by higher price/ 
kWh payments in comparison to general non-waste biomasses. No country, besides 
Germany, differs between grasses from certain origins in order to claim for different 
feed-in payments. Only Germany had established a differentiated incentive model where 
the place of origin of biomasses is indicating an extra feed-intariff (EEG 2009-2013). 
With the amendment of the feed-in tariff 2014 (EEG 2014) there are no extra tariffs for 
landscaping materials any longer eligible. Only grass under the waste tariff requirements 
will keep on being higher numerated.

The collection of biowaste/ greenery cuttings show similarities across the GR3 European 
Countries as in all countries a separate collection service by municipalities is in place. 
Different systems according to a pick-up or bring system as well as a mutual collection 
for residual food and kitchen waste are provided. Also in terms of technical requirements 
in treatment processes (stabilization and hygienization processes), the quality of the 
resulting fertilizers/digestates as well as the eligibility for biowaste incentives are pending 
in function of the collection of biowaste. Specific attention should be given to landscaping 
materials and greeneries from verges. Landscaping materials from nature conservation 
areas are mainly commissioned to third parties for maintenances of landscapes. This 
mainly leads to non-holistic data of current landscaping material amounts and recycling 
schemes. Also the collection of greenery cuttings from roadsides is not homogenous in 
all GR3 countries as there are removal regulations in some countries as well as opponent 
guidelines in other countries to leave these materials at the roadsides (mulching). Finally, 
in some regions waste collection and management is monopolized by waste agencies 
operating under control of local authorities, even prohibiting utilization of grass residues 
(as being public waste) in private owned biogas installations. Even though the potential 
valorisation by private parties is thereby blocked, suboptimal management systems (e.g. 
decay on-site) are still being used, meaning that the de facto monopoly blocks sustainable 
development in this field.

No GR3 target country stipulates anaerobic digestion as the sole technical conversion 
process, although waste or fertilizer legislation could have a direct steering impact in 
terms of bringing mass flows into high resource efficient treatment (anaerobic digestion). 
Currently, as an example, the German waste treatment legislation prohibits the direct 
application of grass on soils and stipulates thermophile composting or digestion 
treatment. In contrast to this national legislation, grass is still allowed or tolerated to be 
landfilled or directly applied without treatment (mulched) on soils in some GR3 target 
regions.

Incentive legislation for grass 
valorisation exists -  

either by feed-in tariff  
systems or quota systems 

Systematic collection service 
by municipalities  

or third parties 

Different treatment 
requirements for grass
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5. Why digesting 
residual grass?

Despite different barriers for co-digesting grass residues, this technique 
is still a promising application. In this chapter, a SWOT analysis summarises the 
different strengths, weaknesses, opportunities and threats of grass digestion. 
Subsequently, there will be a focus on life cycle analysis that unravelled the possible 
environmental benefits.
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5.1  SWOT analysis

• In the past, most EU countries implemented favourable policy measures for AD, which 
mostly resulted in a stable AD sector, consolidating its role as a favourable tool for 
sustainable waste management.

• Some regions provide subsidies to manage nature landscapes, which act as an 
incentive to harvest grass from (protected) nature areas. 

• Some countries (Italy, Germany) differentiate in their support to AD from residual 
biomass compared to energy crops.

• Grass in a digester can reduce nitrogen concentrations in the digestate and decreases 
the potential for ammonia toxicity. 

• In most European countries digestate is used on agricultural land OR as a soil enhancer 
for other types of end-use (e.g. residential areas, parks), closing the nutrient loop.

 
• Grass residues are legally classified as biowaste. Therefore the grass has to be properly 

removed, treated and disposed of, being subjected to the waste operators management 
system and, consequently, to the payment of a gate fee and transportation costs. This 
does not encourage its valorisation in AD and implicates an extensive contamination 
control before and after AD and before disposal or reuse. However, residual grass does 
not have the same high risk properties like other biowaste (e.g. manure).

• There is insufficient awareness and acceptance regarding technologies for cutting, 
mowing, storage and delivery of grass residues to an anaerobic digester.

• Grass from roadsides is a complex substrate due to extensive pre-treatment and 
processing and associated costs.

• There are no specific incentives that apply for grass in AD, there is no extra fee for 
biomass from nature conservation areas and no claim for a biomethane bonus.

• The stakeholders throughout the grass value chain are mostly unaware of each other 
and do not work together.

• Grass from roadsides and watercourses is mostly left on site, and is rarely transferred 
to a composting facility.

 
• Grass can be a default feedstock for AD or act as a substitute for energy crops.
• Incentive instruments and initiatives for the acceleration of the grass valorisation 

chain can be improved.
• In some countries financial incentives are offered for the sustainable management of 

natural resources in rural areas.
• Urban and suburban areas for recreational purposes are rich in green areas yielding a 

potential added grass feedstock for AD. Since grass from these areas is harvested 
anyway, the production cost is nearly zero, which could make it a competitor for energy 
crops. The grass is located within the areas served by the collection of municipal 
solid wastes (MSW), creating an opportunity for a combined and thus more efficient 
collection and transport of waste.

 
• If the digestate from co-digestion of grass clippings is considered a waste, a heat-

treatment and even post-composting can be demanded, in contrast to digestate 
produced from agricultural feedstock.

• The local maintenance of roadsides is mostly managed by contractors that look for 
the most cost-effective management techniques while AD managers are looking for a 
reliable and consistent feedstock. 

• Transport costs and gate fees discourage grass collection and valorisation.
• In many countries (including Germany, Belgium, Denmark and Italy) governmental 

(financial) incentives and support mechanisms for AD have been going down, reducing 
margins and impairing the use of grass as a feedstock.

Strengths

Weaknesses

Opportunities

Threats



Good practice guide for grass valorisation: RECOMMENDATIONS for local authorities

| 27

5.2 Environmental assessment

Most stakeholders are well aware of the necessity for comprehensive and holistic 
assessments in order to supply them the whole-system understanding needed 
for strategic long-term decision making. It is not a wishful situation to make costly 
investments in a technology or management system, if unforeseen environmental side-
effects later emerge and call for a re-evaluation and removal of the technique in question.

To assess the environmental consequences of various grass management alternatives, 
a Life Cycle Assessment was carried out within the GR3 project (report available on 
the GR3 website). Life Cycle Assessment is a standardized comparative environmental 
assessment methodology allowing to assess and compare the environmental impacts 
of selected product/service alternatives from “cradle-to-grave”, i.e. covering all 
environmental flows along the whole supply chain of involved activities. It includes all 
significant flows from and to the environment involved in the studied system, aggregates 
them over all life cycle stages and subsequently expresses them per unit of function 
delivered by the system in question, which in Life Cycle Assessment is referred to as the 
“functional unit”. This latter stage ensures that the comparison is based on the delivery of 
the same service in all systems compared. These aggregated substance flows are then 
related to an impact category and the contribution from each substance to these impact 
categories is quantified through a procedure known as life cycle impact assessment. It 
allows, for a given impact category (e.g. global warming) to express the aggregated flows 
as an indicator, or reference substance, (e.g. kg CO2 eq.) per functional unit, through the 
use of equivalence factors (e.g. 298 kg N2O per kg CO2 eq.).

Life Cycle Assessments address the environmental impacts only;they do not provide 
conclusions for other impacts, e.g. socio-economic.

Global warming potential (100y) of selected grass management scenarios,  
results from the LCA
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In GR3, the key research question investigated by the Life Cycle Assessment was: “what 
are the differences in environmental performance between different strategies to 
manage residual grass, in comparison to its current management?”

 
In the reference scenario for the LCA, meadow grass is left unharvested (mulching), 
resulting in on site natural decay. This scenario serves as a measure-stick to compare 
alternative scenarios.

The alternative grass management scenarios under comparison were: biogas (co-
digestion with manure), composting (open windrow), animal feed (harvest and direct use) 
and green biorefinery (the harvested grass is pressed; the solid is used for co-digestion 
with pig slurry, while the liquid is further processed to produce a protein-rich cake used for 
animal feed).

 
All input and output flows were related to a functional unit being the management of 
one tonne of residual grass (meadow grass from natural areas). Here, only the results 
for the impact category “global warming” are presented (see figure above), but other 
environmental impact categories were also adressed (see GR3 website). The figure 
presents the global warming potential for each scenario, with a breakdown per process 
(i.e. supply-chain stage). The net impact for a given alternative is obtained by subtracting 
the avoided impacts (i.e. the negative values on the graph) from the induced impacts 
(positive values).

The figure shows that using residual grass for biogas allowed reducing the global warming 
potential by 43%, in comparison to leaving grass un-harvested (reference). Using the 
grass for animal feed (>200% reduction) or biorefinery (>100% reduction) allowed even 
further improvements. The opposite was observed for composting (>200% increase 
compared to the reference). This reflects the important loss of nitrogen (and particularly 
as N2O, having a global warming potential ca. 300 times the one of CO2) and carbon during 
the composting process. The important reduction observed for the animal feeding and 
biorefinery scenarios reflect the benefits of using grass for protein substitution, and 
thus of reducing the pressure on land in sensitive ecosystems. In a nutshell, results 
showed that alternatives allowing to recover a maximum of protein generated the 
greatest benefits, essentially due to the avoided land use changes this creates. In this 
perspective, the green biorefinery concept, allowing to simultaneously recover substantial 
energy, protein and fertilizers, was shown as a promising avenue for managing residual 
grass in an environmentally-efficient manner. Using grass for biogas was shown to yield 
important environmental benefits, in comparison with using it for composting (biogas 
allowed a reduction of the global warming potential of 80%, compared to composting), or 
with leaving it un-harvested. 

Scenarios

Key results
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6. Case studies

Two case studies are described in more detail below, more cases can be 
found in the manual for operators of biogas plants and composting facilities with 
integrated biogas production. 

6.1 Agricultural digester  
Jansen Wijhe, Groningen,  
The Netherlands [17]

Jansen Wijhe owns an agricultural company in the province of Groningen (The 
Netherlands). The company is active in manure transport, works as a subcontractor for 
municipalities in watercourse and roadside management, and has its own wet AD-plant. 
The grass quality to the digester is guaranteed as Jansen Wijhe’s company is responsible 

for all steps in the grass value chain. More than 10 % of the 
total input to the digester consists of grass residue. An 
aerial photo of the AD-plant is shown in the picture below.

According to Jansen Wijhe’s experiences it is important to 
work with reliable machinery and staff, have a high capacity, 
and limit the distance of the selected grass patches to 
the digester. In regions in Western Europe the weather is 
an important factor as well. Be sure to check the weather 
forecast before taking out the heavy machinery. Hard work 
makes sure that the time between mowing, harvesting and 
reactor feeding is short. In nature management the grass 
is cut and left to dry on the field after which it is harvested 
and transported to the digestion plant for ensiling. The 
ensiled feedstock can be used at a later time when 
biomass availability is low. In this case it is pre-treated in a 
shredder and extruder to reduce particle size and break the 
lignocellulosic bonds before it is fed to the digester.

Anaerobic digestion plant Jansen Wijhe, Groningen [17]
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6.2 DRANCO© digester,  
organic household waste, 
Brecht, Belgium 

The patented DRANCO© process uses a one-phase, vertical, dry digester. Feeding 
material is mixed with digestate taken from the bottom and loaded at the top part of the 
reactor. There are no mixers in the reactor and it can operate in both mesophilic (35°C) and 
thermophilic (50-55 °C) conditions. Therefore the system is robust, it has a broad range of 
potential feedstocks and since it is a dry digester the formation of a floating layer is not 
an issue, nor is the settlement of sediments. 

The installation in Brecht (Belgium) has a capacity of 50,000 tonne per year. 15 % of the 
processed material is kitchen waste, 10 % is paper waste and 75 % is garden waste. In 
total about 400 tonne of grass is digested every year. In winter, when less feedstock is 
available, up to 25% of the feedstock consists of ensiled grass residue. On average 118 

Nm³ biogas is produced per tonne feedstock. The DRANCO 
system has several advantages for the digestion of grass 
compared to wet digesters. There is no need to add water, 
the presence of sand causes no operational problems and 
there are no limitations regarding the percentage of grass 
that is fed to the digester. 

Because in winter there is less biological waste from 
households, IGEAN has been processing grass since 2004 
to ensure a consistent input throughout the year. IGEAN 
mainly uses grass clippings from roadside verges that are 
ensilaged. If the ensiling is not done properly the biogas 
potential decreases from ± 100 Nm³/tonne to ± 70 Nm³/
tonne according to IGEAN. After ensiling the grass cuttings 
are mulched and digested. In a consecutive step the 
digestate is composted. 

The DRANCO installation in Brecht
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Conclusion

In most cases grass is mowed for safety (fire risks or a reduced roadway 
width and visual obstruction) and biodiversity reasons. However, it is also important 
for municipalities to dispose of the grass in an ecologically and economically sound 
manner.

When a good quality product can be delivered, grass can be a valuable feedstock for AD 
plant managers. When grass is digested CO2-equivalent emissions can be decreased 
tenfold compared to electricity production from gas-steam turbine technology [18]. From 
the LCA that is performed within the GR3 framework (chapter 5) it is clear that there are 
significant environmental benefits (including CO2 savings) compared to the reference 
scenario (mulching).

Hidaka et al. [16] also showed the possibility of wastewater treatment plants to become 
a regional energy hub that accepts different organic wastes, including greenery from 
public spaces. The addition of grass in the digester has a positive effect on the biogas 
production and can improve the carbon/nitrogen ratio and dewaterability [16]. Therefore 
municipalities should consider biomass hubs as a more holistic approach to sustainable 
use of their own biomass resources.

A strong means for reorganization of the grass value chain lies within the tendering 
procedure for subcontractors that is used by a great share of municipalities. Through this 
tendering procedure municipalities are able to include certain restrictions, preconditions 
and obligations related to the outsourced labour within the grass value chain. For example: 
municipalities could include criteria that benefit subcontractors that supply AD-plants 
with municipal grass residue. 

Another approach, in which local authorities themselves take full management and 
responsibility of the entire value chain, is by investing directly in an AD installation and 
thereby converting terrain management waste/biomass from the own (public) terrains into 
renewable energy suitable for local applications.
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Further 
questions?

GR3 CONTACT PERSONS

Country Partner  Contact Email

BE DLV Lies Bamelis lba@dlv.be

BE Pro Natura Johan De Beule johan.debeule@pronatura.be 

BE Ghent University Erik Meers erik.meers@ugent.be

DK SDU Lorie Hamelin loha@kbm.sdu.dk

DE IBBK Michael Köttner m.koettner@biogas-zentrum.de 

BE Inagro Bart Ryckaert bart.ryckaert@inagro.be

PT LNEG Santino Di Berardino santino.diberardino@lneg.pt

IT Veneto Agricoltura Federico Correale federico.correale@venetoagricoltura.org

IT University of Verona David Bolzonella david.bolzonella@univr.it 

DE IZES Katharina Laub laub@izes.de

BE PXL Alain De Vocht alain.devocht@pxl.be
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GR3 IN BRIEF 

Focus: 
promoting and stimulating the use 
of grass and other herbaceous 
residues – arising from the 
management of (semi-) natural 
permanent grasslands, roadsides, 
watercourse banks, municipal 
areas,… – as a sustainable 
feedstock for biogas production

Leading principle:  
link up grass residue producers 
(municipalities, road authorities, 
conservancies,…) with biogas 
producers. Develop tools and 
provide technical, investment 
and legal advice in order to trigger 
investments in the establishment 
of supply chains

The GR3 Project Outputs

° Cost-Benefit Analysis

° Life Cycle Assessment of management strategies for residual grass

° Quality prediction and profitability tool

° National estimates on grass residue availability

° Incentives Evaluation Report

° Legal Assessment Report

° Best practices for grass residue collection and valorisation

All reports can be downloaded from the website:  
http://www.grassgreenresource.eu/
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