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EXECUTIVE SUMMARY

Introduction

Grass on roadsides verges grows back seasoBalpending on the region/country@a O-dmd-O 2 f f SO ¢
2 NJ -arddz8 | éhénagementis applied depending on legislationpad safety rules and/or
biodiversitygoals. In any caseutting, collectng andor processingof roadside grassomes at a
significant societal cost.

The European Union sets ambitiousatgofor further deployment of grass clippings in a circular bio
based economy. Investigating different mobilisation strategigswhich established as well as new
grassbased value chains @xist- is key to assess the impact and realism of these aontsitsince the
sustainable and costfficient management of verge grass remains a challeAggelHounded value
chain analyis increasegrass mobilisation rates and redwsésks and costs.

MooVc+ L ¢ h Q& adzLJLX & OK I-i4 ysed 2olalinlys¥ diftereni rhabilsativhaséeatios in
search of the best value chain configuratioom harvest over préreatment and storage to the end
LINE OSa a2 NDKA YA G B Mldétailed BdseSrhentAs2pgrbrmeéd for twaegiors; i) the
provinces Antwerp, West Flanders and East Flanders (BE) and ii) the province of Zeeland (NL).

R —
024 8 12 16

Province of Zeeland
B standard mowing regime

Ecological mowing regime

Mapped roadside verges in Belgium (left) and the Netherlands (right)
The following scenarios are investigated:

- for the provinces Antwerp, West Flanders and East Flar({datsand collect management);

AS IS (current) green composting

TO BE 1 (future) | increased demand by green composting

increased demand by green composting and M@mmposting(vegetable/fruit/garden

TO BE 2 (future) waste)

increased demand by green composting and a dry digester added at each

TO BE 3 (future) composting

increased demand by green composting and ¥@GMposting and a biomaterig

TO BE 4 (future) production added for each prince.

increased demand by green composting and V&mposting and a biomaterig

TO BE 5 (future) production at each largecale composting site




MY 7~ VIto

Excellence in network design

- for the province of Zeeland (cut and leave management);

AS IS (current) one cut- no collection

TO BE ffuture) | one cut-increased collection (50%)

TO BE 2 (future) | one cut-increased collection (100%)

TO BE 3 (future) | two cuts-increased collection (100%)

Methodology

The assessment of mobilisation strategies requires to cope with numerous vayisiddsas the grass
quality, the available processing optiom®d specific characteristics and cutting regimes of a region
So, flexibility in the MooV assessment is key to correctly define and investigate all relevant scenarios
and calculate the impact afhanging variables on the mobilisation cost. The following variables are
modelled:

- Products: feedstock typology and potential, intermediate and-pratlucts typology;

- Harvest: harvesting types (flail/rotary), costs (safety cars), capacities, quality;

- Pretreatment: treatment types, costs, capacities;

- Storage: storage types, costs, capacities, storage effects on grass quality;

- Endprocessing: processing types, required quality, capacities;

- Transport modes: type, capacity, cost, bulk densities, fresliemas. dry matter

- Time: seasonal growth cycles, leagd shortterm storage

The objective for each scenario is to mobilise the required grass throughout the supply chain at least
costs while fulfilling the demand from the emlocessors(i.e. compostirg, digesting anfr
biomaterial productioi. The total mobilisation cost is calculated as the sum of costs related to harvest,
pre-treatment/storage and transporby road (i.e. tractoharvester combination, truck and/or safety
cars) Next to the cost, the total transport distance (km) and the number of transport movenagats
calculated for each scenario.

Results

The technical harvestable quantity ranges betweerl@8on/ha fresh matter depending on feedstock

type. For the three Fhaish provinces, the yearly harvestable potential is circa 190.000 tonnes fresh
grass. The area represents about 66% of the roads in Flanders. The total is divided over municipal roads
(73%), regional roads (16%) and highways (11%)thEdProvince oZeelnd, the potential is circa

42.300 tonnes if two cuts per year would beyanised Current practice is to cut once a year, resulting

in a harvestable potential of 25.300 tonnes per yédowever this cut is dominantly left on the road
verges without colletion.

laSR 2y GKS RFEGF 3JIFGKSNBR FYyR (KS | aadzvLliazya
Y20AT A&l GAZ2Y 0230 e2TISNS i@y F Kh NDSAYIiBRc AN da 41
average cost depends on the road density, the densithefdtorage network and proximity of end
processors. Specifically, when grass is collected in the vicinity of theprendssing facility,
Y20Af A&dl GA2y O2aiad8 RNBL)I 6St2¢6 nn e€d® hLIAYAAAYD |
The quality of tle grass constraints the allowed epdocessing type. The quality can be influenced by
choice of road type (e.g. with minimal amount of litter), mowing type (e.qg. flail vs. cut), harvest moment
and manner of longerm storage.
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Middelburg

Compost VFG @  short-term storage (AWV)
; ®  Short-term storage (MUN)
dumar Compost green
O 0 0 a0 gy e o i it
km Material Sourcing area o Shorl-term storage —— Trensport grass
b End-processing Soureing area

Example of amptimal supply chain configuratidn a specific mobilization scenaridglgium (left) andhe
Netherlands (righ)

Main conclusions

The mobilisation cost is influenced by the quantity, quality and location of the available grass.

Optimising the sourcing area helps to reduce mobilization costs

7

collected in the vicinity of the engrrocessingsites,i KS 024G OFy RNRBL) 6Sft26

The mobilisation mileage averages around-2,5 km/tonne fresh grasslf processing sites are
strategically located, an increase in processing demand does not lead to an increase of mileage per
tonne.

Future scenarios show enough grass potential for tbe-existence of established (composting
digesting) and emerging commerciakcale endprocessing sites (biomaterials).

Tradeoffs between mobilisation cost increag@s a result of increased sourcings. revenue increase
(as a result of higher addestalue products e.g. biomaterialsjould be defined.

The mapped road side verges and related processing sites with differentiation to location, acreage,
ownership, capacity, yield and requirements is the best available for Flanders.

10
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Chapter 1.
D3.2.1- DESIGN AND DEVELOPNIEDNF THE SUPPLY GHBAPTIMISATION
MODEL

1.1 Context

Grass onroadsidesvergesgrows backseasonally. When this grasgeds to be cut, collected and
processed; it comes at aignificantsocietal costOrganisation of these activities is often comptiere

to the variety of management measurethe different actors involvedand the variable and
heterogeneougjuantity and quality of the grasdippings Hence within Europe, asignificant part of

the gras<lippingsis not (locally) processed because it is simply notlefttpn the vergeafter cutting

or exported. Whenclippingsare indeed locayl processed, the established option is dominantly
composting, complemented with feeding (of nature grass) and digesting. These options lead to
relatively low value products such as compost, biogas and digestate. New alternatives look at higher
value appliations like biematerial (grass fibres) and feedmponentgprotein extraction), which are
getting attention in research and (early) commercial developm@&hé European Union sets some
ambitious goals for further deployment of grass clippings irci@ular bicbased economy
Investigatingdifferent mobilisation strategiesin which established as well as ngnassbasedvalue
chains ceexist- is key to assess thimpact and realism of these ambitions since the sustainable and
costefficient managment of verge grass remains a challehge

This report investigatethe feasibility of current and future grassobilisation strategiesassessing
harvest, pretreatment, storage and transport cost& detailed assessment is performed Bregions
in the Interreg 2 SEAS region; Flanders (BE) and Zeeland c@tisjderingaforementioned key
elements such asdifferent roadsidemanagement measures, different actansthe chain centralsed

storageanddifferent processingptions (low value vdiigh valueproducts.

Figurel shows the main activities in grass processing chains (froraolefght): growth & harvesting,
pre-treatment, storage, processing towards epdoduct. The activities are interconnected via
transport modes. For an optimal mobilisation strategy simultaneous compliance with all major
conditions related to location, quantity, cost, quality and planning is needed. Simultaneously meeting
all conditions i€omplex. Many variations are possible which offers a great freedom to operate but at
the same time increases risks of suboptimal strategies leading to less performant supply chains.

e 3
W' 5 gmlh@‘ﬁ
L‘--J"éﬁ-.-

& 8 & O

Figurel: Main activities & key conditions in a grass supply chain considered by MooV.

Ihttps://www.ovam.be/sites/default/files/atoms/files/\Voortgangsrapport%20actieplan%20duurzaam%20behe
er%20van%20biomassastromen%202@D20.pdf

12
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1.2 Methodology

¢2 FRRNBaa GKS O2YLX SEAGE 2F I INbhadibeenvsed Mdo & | § A 2
is a supply chain optimisation model that analyses diffegrass mobilisatiorscenarios in search of

the best value chain configuration within a geographical context. This with the general objective to
increase mobilisation rates and reduce risks and costs.

MooV isdesigned to bdlexible for application on any typaf activity, product, condition or objective
gAlUK2dzi GKS ySSR (2 ljdzSaidArzy G(KS aeaidsSyQa TFdzyRIY
developments for each individual caséhe MooV systens a smart merger of proprietary linear
programming ode and Pythofbased advanced (gealata analytics, and professional software
packages such as GUROBI Optimizer and ESRI ArcGisPro.

However, the heart of the flexibility lies in the desigrtted MooV model as a central core enveloped

by a shefl. The Moo\core is generic and captures the universal supply chain logics. The-8hedV

which is customisable and captures the specifics of the grass case; e.g. costs, feedstock types, qualit
product types, locations, capacities, seasonal effécts! RRAGA 2yl ft &> &aLISOATAO LI
into account such as; preference for a specific -pnadduct (e.g. biematerials), preference for a

harvesting type (e.qg. flail vs. rotary mowingjeference for a storage type (e.g. silage vs. bale) or
preference for a specific feedstock quality (e.g. degree of litter).

Figure2 shows the three mia steps of the MooV methodology.

1 Definephase: defining the case specifics, and gathering and processing data in thedstiadidse
(Chapter 12);

1 Designphase: scripting the case specifics into the Matill by linear programmin{Chapter
1.3)

1 Deliverphase: running the MooYhodel for various scenarios and analysing the res@igpter 2

and3).

Yo # P e,

f INSTALLATIONS F ' m‘ um-nnn \f‘\f"“ ﬂf‘—\&/ JW? y,
A e

vy || FEle| —=

S — —o| "% = )

| B TR | / \ 0 =,

Figure2: MooV methodology, Define, design & deliver.

2 https://moov.vito.be MooV ¢ is aservicedeveloped by VIT@ and the result of further development of the
OPTIMASSILPY2 RSt = RSaONAOSR Ay a5 S afarBigendrgy RluechayfgTanddsSy G 2 F
acomprehensive spatid SYLI2Z NI £ 2LIGAYA&lLI GAZ2Y | LIINRBF OKE 05S aSeSNE
3 De Meer A.; Guisson R. Moaya flexible decision support system for the strategic design of supply chain
networks (submittedi 2 W5Sa0A 2y {dzZLJLR NI {edadsSvyaQ o09ftaSgaASND
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1.3 Definingthe supply chain

When developing new mobilisation strategies numerous decision options are possible, leading to
various scenarios. Thihapterdefinesthe grassmobilisationcaseswith all its activities andrelated
characteristicsrequirements or limitationsas well ahow activities are interconnected. These cases

areanalysedo investigate potential future scenarios by varying

)] the implemented roadside managemestrategy,
ii) the capacity of the engbrocesses

iii) the type of endproductsand/or

iv) the allowed feedstock quigy for the endprocess.

Two cases have beemefined for which a detailed MooV assessment is performéd the
Grassificatiomegion ofFlanders (BEBnd(2) Zeeland (NL(Figure3). These regions have been selected

by and based on the partners involved in the Grassification project in combination with the availability
of requireddata. The MooV model is designed witkXibility in mind (Sectiod.3.1.)), allowingswift
application to the other regionéwithin or outside the Interre@SEAS area)

Liverpoo) Manchester

N . O Sheffield

. ‘"h J 3 ' Leeus arden
\alicna on-Trent Nottingham
JHERLANI
h

Wolverhamptop >
Leicester Feter

Elrmm-'lham'
| Lelystad _2

LOXEM
Lu

I:l Demo 1 - The region of Flanders (BE)
Saint-Briec

[ pemo 2 - Province of Zeeland (NL) 0 “I45 90 180

Interreg 2 SEAS Pat. o o
e ore (™ gy NR o Esri, HERE, Garmin, FAO, USGS, NGA
I Chartre ang a

Troyes (BICE S

Renne

Figure3: Area of the Interreg2SEAS Programme with indication of the DHEMIQ ares for the
detailed MooV assessment
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1.3.1 Model requirements

1.3.1.1 Flexibility

The assessment of mobilisation strategies needs to cope with numeenables such as the grass
quality ard theavailableprocessing options. So, flexibility in the MooV assessment is key to be able to
correctly define and assess all relevaognarios and calculate the impadtchanging variablesn the
mobilisation costMooV includes the following gras®bilisationactivities andelatedcharacteristics:

Products: feedstock typology and potential, intermediate and-pratiucts typology
Harvest: harvesting types, costs, capacities, effect on the quality of dipsggs
Pretreatment: treatment types, asts, capacities, effect on quality of grasippings
Storage: storage types, costs, capacities, storage effects on grass quality;

Endprocessing: processing types, required quality, capacities;

= 4 4 4 -—a -

Transport modes: type, capacity, cost, bulk densitieshfraatter vs. dry matter.

Sectionl.3.2 gives a more detailed description of these characteristics.

In terms of geographicontext, the MooV Grassification modeis applicable to different regions.
Within the project scopéhe same modehas been applied tthe region ofFlanders (BE) as well as
Zeeland (NL){gure3) to define the optimal value chain configuratiom terms of locations, capacities
and transport moded The modelcan be easily applied wther regionsas well.

1.3.1.2 Time context

As grass is a feedstock following seasonal growth ¢yhleime context is &ey time parameters for
the assessment of mobilisation strategies. Hta@nning horizonreflects the total period for which
feedstock supply will be analysed and optimiseijgre4). Since grass along road sides is managed in
yearly cyclesthe planning horizon is set tbyear.

The planning periodis the shortest time span within the planning horizon at which time related
decisions can be madethe planning period is set t8 weeks This allows to model the harvested
amount of grass on a twaeekly basis and as such correctly reflect peaks indséed volumesas
well asthe storage facilities neexdi to buffer these peaks

Storage facilities are differentiated between lerand shortterm. Short-term storage locationgre
smaller sites, on or near the roadside, whel@pingscan be storedor amaximum of 2 weekswhile
longterm storage concerns larger sites to store bulk gdigpingsfor months.

Storage sites are needed to balance peaks in supply (harvest season) with the demand side which
requires a continuous yeaound supply (e.g. composting, dry digestion, materials).

By considering the time contextinie-dependent changes in grass charaigecs such asnoisture
content, biogas production potential, nutritional valugeterioration can be considered in the model.

4 Note that the cases cover a geographic region in the respective cougtbigsdo not coverthe countries as a
whole ¢ seeError! Reference source ndound..
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planning period link
> A}
< >

planning horizon
Figure4: Difference between planning horiz@ihyear)and planning period2 weeks)

1.3.1.3 Supply chaircost objective

The objective is to assess how grafippingsare bestmobilisedthroughout the supply chairat least
coststo fulfil a specific demandrom end-processing facilitiesSo,in this casethe assessment is
demandside driven(i.e. pull). TheGrassificatiormodel calculatethe minimal mobilisation cost over
the supply chairg from harvest over prdreatment and storage up to the gate of the epdocessor.
And this for all grass from road verges in the considered dfigaire3).

Note that for now preprocessing costssuch as litter removal washingre excluded from the
mobilization cost as these costs are inherent to the quality requirements of the sps@é of end
processor.

Thetotal mobilisation costis calculated as the sum of 3 componerigy(ire5):

1) Thecosts related to harvestthe costs for harvesting as well as the transport of the grass
clippingsfrom the harvesting site to the closest shaéerm storage
2) Thecosts related to storge the costs for longerm storage as well as eventual gireatment
activities to maintain grass quality during storage
3) The the costs for transport from
i. the shortterm storage to longerm storage sites
ii. from shortterm starage to endprocessors
iii.  from longterm storage to eneprocessingdand backand
iv.  between endprocessorge.g. digestate transport from landfilD to composting).

Figure5 shows thetotal costbroken down over its components. The mobilisation cost will be assessed
for different scenariosvhichare explained in detail in sectidhl.1and following.

Next to the costthe total transport distance(km) and thenumber of transport movementsieeded
is calculated for each scenafigiguret).

5 The preprocessing needs per efatocessor remained undefined in the project coucshowever te costs
could be easily adopted to the Moeiodel once preprocessing needs are defined.
6 See scenari® where digestate is transported from landfD to composting sites for further processing
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TOTAL COST

TRANSPORT
HARVESTING + harvest sile o
Ehorl term storage

with:

HARVEST

100

PRE-
THEATMENT STORAGE
SHORT-TCRM STORAGL | SHORT-TERM STORAGE LONG-TERM STORAGE EMND-PROCESSING EMD-PROCESSING
LOMG-TERM STORAGE 1 FND-PROCFS5ING FND-PROCESSING | DMNG-TERM STORAGFE FMD-PROCFASING
tima and distanca tima and dictanca time and distance tima and distance time and distance

Figure5: Components of the total mobilisation cost included in the MooV model.

- o * o * S

Transport
distance

HAHVEST SITE SHORT-TEAM STORAGE SHORT-TERM STORAGE LOIMG TERM STORAGE END-PROCESSING EMD-PROCESSING
= + - + - + + + -
| SHOR L TERR S TORAGE LONG-TERM STORAGE END-PROCESSING LMD PROCESSING ) LOMG-TERM 5 TORAGE EMD-PROCESSING

Figure6Y h 0 KSNJ Yt L Qa Omddé diteriminisiRingdhe totél KoSt. a 2 2 +

HARVEST SITE SHORT-TERM STORAGE SHORT-TERM STORMGE LOMG-TERM STORMGE TN PROCTSSING EMND-FROCESSIMNG
= - + - + - - + + -

+
SHOAT-TERM STORAGE LONG-TERM STORAGE END-PROCESSING END-PADCESSING LONG-TERM STORAGE END-PROCESSING

1.3.2 Feedstock and activities

Now the supply chainobjective is set, this section details on all activities that take part in the
mobilisation of grasslippingsin the 2 demo caseshe region ofFlanders (BE) and Zaet (NL)

Next tothe origin of the grassrfunicipalroadsidesvs. highwayoadside$ alsothe different activities

in the supply chaiinfluence the quality and characteristics of the gragsduct An activity upstream

in the chain affects the possiliiéis for endprocessing and viegersa the envisioned ergroduct may
restrict the preceding upstream activities. Four main activities are distinguished: (1) harvesting, (2)
storage and treatment, (3) enprocessing and (4) transport.
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1.3.2.1 Feedstock

1.3.2.1.1 Ownership& road type- location & acreage

The supply chain starts at the point of harvest. The geiggingsat the time of harvest are considered
the starting feedstockThe feedstock typefor the two demosare differentiated byownership and
road type.

- DEMO 1in Flandersregionalroadsand highwaysare managed by the Flemish Agency for
Road and Traffi(AW\) andlocal roads are managed by the municipaliti€areefeedstock
types are defined:

0 AWVMRRgrass grassrom regional road verge@RR)owned/managed by the Flemish
Agency for Road and Traf§AWV,

o0 AWVMHW grass grass from highway road verges (HWjvned/managed by the
Flemish Agency for Road and TraffisWV,

0 MUN grassgrass from municipglocal)road vergesassumed to be owned/managed
by municipalities

- DEMO 2iIn Zeeland, road verges are managed by 5 different parties: 1) the province of
Zeeland, managing thenain roads,2) Rijkswaterstaat, taking care of the A58 and the N57,
N61, N63 3) North Sea Port, covering the port area fronisslhgen and Terneume 4) nv
Westerscheldetunneénd 5) Water Board Scheldestromen, taking care of the other Zeeland
roads Based on the availability of datfeedstock types areistinguishedcovering about 93
% of the roadchetworkin Zeeland)

o PZ gras:grass fromthe larger provincial roaderges managed by theéProvince of
Zeeland

0 WSS grassgrass fromthe smaller localroad verges managed byWater Board
Scheldestromen

Thelocation and acreagef the road side vergeare essential information tmodel the bgistic needs
of the supply chain. For the location and acreage of road grass verges, ideallyna3sSavailable
with the location, length (and width/surface) and type of the verges.

- DEMO 1iForFlanderssuch a mapid not exist. To mitigate this lack of data, VITO has derived
this information based on the GRIBrge-scale reference databapehich contains ugio-date
and detailed data on buildings, lots, roads, waterways, rail, and public artwidrk.
methodologyas wdl as the resultsdescribed in sectiot.3.4

- DEMO 2 For Zeeland, the Province of Zeelamas$ well aswWater Board Scheldestromen
delivered a polygon-map with indication of mowing regime @ipping$ on their road verges.
These data can be used to derive the location and acreage of the road grass verges as well as
an estimation of thecurrentlyharvested quantity

1.3.2.1.2 Quantity

In addition to differeniation by location and ownership, the feedstock types can be differentiated by
harvested quantity and corresponding qualiffaple1). The harvestedjuantity (volume/mass) is
important in view of mobilisation; it defines the number of harvester movementsndesiedcapacity

for shortterm storage sites and the required throughput pace to gmdcessors.
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The number of cuts and the time of harvest have an ingodrimpact on the harvested quantignd

quality of the grassNotwithstanding variation's the general harvest procedure adopted in this study

is to cut twice a yedior safety reasorfs Several EUmembér (i | 1 S& A YahdO®$ 1S Q&G dz(NB 3 A
where the grass clippings have to be collectedmprove biodiversity of the roadside verdes

- DEMO 1: IrfFlanders mowin@f road vergeoccursbetween he 15" of June and the 1%5of
October as regulated by the Bermdecreet (Roadside® Adwever,exemptions are made
regularly for reasons of road safety

- DEMO 2in Zeeland themain mowing regime is to cut once or twiagyear whildeaving the
clippingson site.Removal of the clippings onlgccurs in abou25% of the area to improve
biodiversity (i.e. ecological manageméfit)To assess the current A% situation in the
Netherlands, the data about the mowing regimes, obtained from the PrevifiZeeland and
Water Board Scheldestromen are used.

Figure7 shows the grass growth cycle and the impact of harvest.

Aboveground biomass

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

I ——— Biomass potential ——— Effect of mowing ‘

Figure7: Indicativegrowth year cycle of grass with the effect of harvest (basettooloured dots
indicate the harvesting times (blue = single cut in summer, green = single cut auturmoraoige =
double cut in summer and autumn).

Tablel shows the theoretical as well as the technical grass quantities per hectare harvested from a
double cut(summerand autumncut). The technical potential is considered 70% of the theoretical
potential’?, This correction is to compensate for acreage that cannot be harvested completely, due to
obstacles or topography. The technical harvestable quantity ranges betw&d® ton/ha fresh
matter depending on feedstock type.

7 In past years growth seasan(20182020) lasted longer leading to regular cases of thregpings (oral
communication from contractors).

8 Noordijk J, Delille K, Schaffers AP, SykoraOgtimizing grassland management for flowasiting insects in
roadside verges. 2009. Biological Conservation 142 (10);2083

% https://navigator.emis.vito.be/mijanavigator?wold=261

10 Provincie Zeeland, Natuurrapportage Zeeland (2019)

1 De Becker, PHoofdstuk 6: Graslanden, ruigten en natuurbeheer (Chapterdssiand, brushwood and nature
management.In Natuurbeheer (Leuven, 2004), M. Hermy, G. De Blust, and M. Slootmaekers, Eds., Uitg.
Davidsfonds i.s.m. Argus vzw, Natuurpunt vzw and IN, pp21%0

2van Meerbeek et al2015) and Caron et g2002)concluded that the surface area of a roadside cannot be
completely harvested due to obstacles or topography. They assumed that 30% of the roadside area is not
harvestable. The Grasgoed study adopted the same reduction factor of 30% for nature reserlandsass
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Tablel: Harvestable quantities per hectare.

y vito

Feedstock type Theoreticalguantity®® Technicalguantity?!?
(tonne/ha fresh) (tonne/ha fresh)

Summer Autumn Total Summer Autumn Total

5‘ AWVRR grass 13,8 9,8 23,6 9,7 6,9 16,6

E AWVHW grass 13,8 9,8 23,6 9,7 6,9 16,6

O | MUN grass 16,0 10,6 26,6 11,2 7,4 18,6

S PZ grass 13,8 9,8 23,6 9,7 6,9 16,6

=

B | WSS grass 16,0 10,6 26,6 11,2 7.4 18,6

1.3.2.1.3 Quality

Besides the quantity, also thipuality of the harvested grass is important in view of acceptance criteria

for downstream processing (composting, landfilb = Y I (i(§bI312.9. &rEnd quality viewpint,

0KS LINBaSyoOSsS
attention.

1.3.2.1.3.1 Litter

2 T f, dofitam$atbnHelivy riefials)Ssail/sadare fainE of X 0

Litter can cause problems to attain quality compost or digestate as well as to process the grass into

fibre materials.Table2 shows, while the trend is declining, that in 2020 still 1.750 tonnes of litter was
collected from highways and regional roads. For municipal verges no geatxiwoas found on litter.
2y3 GKS CfSYA&AK
person. Although these figures are specificldiyFlanders, roadside litter is a general phenomenon

LY wnmpz OfS

all over Europe.

FyAy3 tAGGSNI

(A

Table2: Roadsidditter collected from highway and regional roaidsFlandergtonnes)'“.

2015 2016 2017 2018 2019 2020
ANTWERP 579 643 584 435 560 485
FLEMISIBRABANT 1.244 1.161 937 568 470 450
WESTLANDERS 676 625 407 382 451 235
EASTFLANDERS 279 309 266 227 196 355
LIMBURG 306 216 165 189 257 223
FLANDERS 3.084 2.954 2.359 1.801 1.934 1.749

Since conclusivguantitativedata is not available, the risk for litter in harvestdibpings isonsidered

in a qualitative manner; being low, medium or high.

13 Theoretical biomass potential derived from Van Meerbeek, Ottoy, De Meyer, Van Schaeybroeck, Van
Orshoven Muys, Hermy (201%he bioenergy potential of conservation areas and roadsides for biogas in an

urbanized regionApplied Energy (154), 7451.
14 https://wegenenverkeer.be/natuwen-milieu/milieu/zwerfvuil
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For grass from highway$able2 indeedshows that littering is a serious point of attention. However,
highway verges are relatively wide “@sis municipal verges. Therefore, for highway verges it is
assumed that litterings more concentrated to the first meters adjacent to the road, while surfaces
further away from the road side are less littered. The risk of litter is therefore set to medium

It should be noted that recently the Bermstroom prdifecommissioned a litter red heavy
metal analysis of grasdippingsfrom the Flemish Agency for Road and TrafA@VV (regional
& highway), natureeservegAgency for Nature and Forests of the Flemish GovernnfexB)
and waterway DeVlaamse WaterwegVv)'®. The results showeittér problems for virtually all
¢ however limited in numberaddressed highway verges.

For this study the litter problem for highways is acknowledgédwever the rational is kept

that litter is concentrated to the first meters while areas further airayn the road side are

less littered. This opens debate on whether it is reasonable and/or feasible to organise source
separated harvest of parts of bigger verge areas in view of mobilisation strategies towards
higher value engbroducts (e.g. biomateridls

Litter riskfor local roadverges(MUN gras§DEMOL) as well as WSS gra@&EMO2)) is marked high.
While no reliable and uniform data for these verges is available, initiativiesalrievel to fight littering
are numerous and underpin the litter risk.

The litter risk will bea qualitative exclusion criteriorfor certain processing optionse.g. forsome
scenariosclippings withhightrisk will be excluded for processing towards filared biomaterialsas
these are more sensitive towards litter

Table3: Feedstock litter risk.

Feedstock type Quality
(litter)
AWV- HW grass Low
DEMO 1 AWV-RR grass Medium
MUN grass High
PZ grass Medium
DEMO 2 WSS grass High

1.3.2.1.3.2 Contamination

Next to litter, potential heavy metalontamination of grassclippingsis a concern as well. The results
from heavy metal analysis of grasdgppingscommissioned by the Bermstroom project showedn
averagé’-no exceedance in heawyetal concentrations via-vis the norms set by the compost quality
YI N] WY S deNiDdew laRndolil@ation strategies heavy metal contaminatis hence not
considered a exclusion constrairfor end-processingTherationalebehind this consideration is that
notwithstanding potential exceptions, the test results showsa problems related tdeavy metal
concentrationson average.

15 https://www.innovatieveoverheidsopdrachten.be/projecten/bermgrass-grondstofvoor-de-productie-van
papier

16\verduyn (innovatieveoverheidsopdrachten.be)

17 Notwithstanding outliers; whichhave beenreported as well
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1.3.2.2 Harvest

Whilevariations in harvest typology and methodology existlanderdDEMO 13as well as in Zeeland
(DEMO 2)road verges are generally harvested with a flail mawtes assumed thatdditional safety
carsare requiredvhen mowing is performed alorfdghways ananainroads; leading to higher harvest
and collection costthanlocal roads

In ZeelandDEMO 2)the Water Board Scheldestromen (WSS) more and more focusses on ecological
roadside management performed with a rotary mower and removal of giggsings. Since the Water

Board Scheldestromgmrovidedtheir intended management at parcel level, distinctmyuld bemade

between vergesinderecological management (WSS | YR OSNBSA@2 U REQY WP2Y | yI -
(WSS).

Table 4 shows the differentiation in harvest types with reference tte combined harves-and
collection cost, the capacity of the harvester and the transpadt tothe shortterm storage(back

andforth)*8,
Table4: Main characteristics of the harvest types.
Feedstock Harvest type Harvest & Harvest  Transport
type collection cost® capacity® cost
6ekili2yy (tonne) beklY

DEMO 1 AWV grass  Flall mower + safety car: 37 9,3 11
MUN grass Flail mower 15 9,3 0,8

Pz Flail mower + safety car 37 9,3 1,1

DEMO 2 | WSS Flail mower 15 9,3 0,8
WSS Rotary mower 19 25 1,6

1.3.2.3 Storage and pr&reatment

After harvestingthe harvesteigenerally unloadat ashort-term storagesites, where thelippingsare
temporary stored in open air for-2 weekswithout any additionahandling From these sites larger
trucks transport the grass to lortgrm storage or engprocessing sitesis suchshortterm storage
allows to reduce transportby buffering clippings betweenharvesters(with lower capacity)and
transport truckgwith higher capaty).

- In Flanders (DEMO 1) following shorterm storage sites are considered:
o The shoriterm sites from AWV, accepting verge grass from highways and regional
roads managed by AWV
0 The recycling centregassumedaccepting verge grass from municipal dea

ForZeeland (DEMO 2bhe contacted experts and policy advisors did not have data or information on
the short-term storageof verge grass. Therefore, verge grass is assumed to be temporarily stored at
one of the250points randomly distribute@long he A58 and the N57, N61, NG@®anaged by province

of Zeeland)and the roads managed by Water Board Scheldestronfen 1 point per45 km
approximately)However, during the process of random distribution of the points, the density of verge
grass availability is considered based on the data obtained from the province of Zeeland and Water
Board Scheldestromen.

18 Note: this cost equals thielue cost component ifFigure5
19 Derived from communication with experts and contractors and literature such as Graskracht (2012h-Gras
Gas (2017)
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Longterm storage sitesare required to buffethe imbalance between seasonal harvesting peaks vis
a-vis the yearround constant demand from processors. From sHertn storage sites grass is
transported to a longerm storage site. For the scenario analysis the g storage sites are
assumed to b located at the site of erfrocessing facilities (see next sectiofiglire14).

At longterm storages grass igre-treated and stored to maintain grass quality at acceptable
degree; and to allovend-processors to take in feedstock at a constant rate while avoiding the need
for oversized processing facilitied/ithin both DEMO cases, fresh grass is assumed to be ensiled,
except when anaerobic digestion is envisioned

The quality evaluation of digestate from landAlD is still in research phase. Therefore, the required
pre-treatment actions to align the qualitpf the digestateto the specifications focompostingare
unknown. A drying and litter removal step seehwwvever realistic and is therefore considered in the
analysis.

Following the green cost componenthigureb, Table5 shows the cost for storage and preatment
differentiated by feedstock type.

Table5: Main characteristics of the piteeatment types.

Pretreatment type Cost  Feedstock
6 €k U2 type
Ensilaging 53 Freshgrass

Digestatepre-treatment

(drying and litter removal) 200 Digestate

1.3.2.4 Endprocessing and ergroducts

As earlier stated, the assessment of the grass mobilisation strategy is desitindriven, in other
words the endLINE RdzOGa ONBF GS | WLldzZA £ Q F2NJ INlI aa I yR
at the lowest overall mobilisation cost.

Various gassbased eneproducts are possibldn relation to the Grassification project, the DEMO
cases compareurrent enduses (feed, compost and to lesser extent biogesyvell aemerging end
useswhere grass fibres are used for biomaterials.

1 Compost
Composing of grass is performed in a mix with other green wasistinction(in DEMO 1¢an
be madebetween green waste and VR@ste (vegetable, fruit and garden waste) composting
sites.

1 Biogas & digestate

Within the Grassification projeciandfillanaerobicdigestion (landfilAD) is investigated'his

is a robust process analogue to landiidls winning. Grasdippingsare ensiled underground

in anaerobic conditions and the produced biogas is tapped. As the remaining digestate is
considered a waste produdt requires further downstream processing towards compost.
Within the scope of this studyexisting landfillgre considered potential sites to stastich a
landfilFAD activity.

Note that in the mobilisation analysisagricultural digestergagriAD) are excludedas a
processing option.Ae Grassification project as well as other previous projects concluded the
support base for accepting gras$ippingsis very low in agfAD for both technical and
legislative reasons.
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Alternatively, dry digestion igicluded in one scenario sindbe action plan 'Sustainable
management of biomass (residual) streams 26AG20' favours the processing of roadside
clippings in a dry digester with pesbmposting of digestate at the VGF composting sites.
Through this mdtodology, the VGF waste is first valorised energetictdlpugh biogas

productionand secondly as soil improver during composting.

Biomaterials

Notwithstanding the potential of grass proteins for feed or other applications; for the scope of
this mobilisdion studyonly the grass fibres are considered a resource for biomaterials. Many
options are possible for the applications of grass fibres, which are in different stages of
development and/or commercialisatiom correspondence with the Grassificationedtives,

grass fibres for composite materials (cf. Circular Matters) has been selectegramising

application

Note that costs for engbrocessing are not considered as mobilisation

costs as these costs are inherent

to the endprocessing. However, all upstream coste. harvest, storage, preeatment and transport

¢ are included. Sothe total mobilisation costA y Of dzR S &
respective engorocessor.

1.3.2.5 Transport

£t @eAlldSMRSt A OS]

The grasslippingsfrom roadsides are transported by roabransport from harvest location to shert
term storageis servicedy the harvesteicombination, while transparfrom shortterm to longterm
storage is organised by truck. Following the yellow cost componeRigure5, Table6 shows the
transport characteristics for harvester and truélgure8 shows the road network considerea both

demo cases, includg all highway, regional and local roads.

N

A

== highway Ao Tournal

=== regional road 1 | L L | 1 1 ] I

Hasseait

Esri, HERE, Garmin, USGS, NGA

Figure8: Transport network ifrlanders (DEMCcirey bordey and Zeeland (DEM@8ack borde).
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https://www.biogase.be/sites/default/files/201907/D2_2%200nbenutte%20biomassa%20gemeentelijk%
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Table6: Characteristics of transportpes.

Transport type Cost transport  Cost transport  Cost transload Load capacity
0ek]l Yl 0eKKO 0eKKO (tonne)

s | Harvestg AWV grass 11 - in harvest cost 9.3

LIOJ | Harvestc MUN grass 0,8 - in harvest cost 9,2
Truck? 0,96 27 27 28

s | Harvestq PZgrass 11 - in harvest cost 9,3

I{-IDJ | Harvestc WSS grass 0,8 - in harvest cost 9,2
Truck?! 0,96 27 27 28

This concludes all cost componeatsdepicted irfFigures5 (harvest, storage and transporfyhisallows
to calculate mobilisation costn the scenario analys{€hapter 2and2.2).

1.3.3 Supply chain diagram

1.3.3.1 Process flow diagram

The previous section discusses harvest, storage, processing and transport as individual entities.
However, from a mobilisation strategy perspective these entities need to be logically interconnected
into a process flowFigure9 shows the process flow diagram (PFD)hwddl activities (rectangle),
products (diamond) and their interconnecting transports (connectors). The PFDs serve as blueprint for
the mobilisation strategies to be analys&@EMO 1 mainly focusses on defining the impact of decisions
related to endprocesing(end of the supply chainyvhile DEMO 2 focusses on defining the impact of
decisions on roadside managemeéatart of the supply chain)

Biomass location Storage location End-processing location

R

¥

ou—
Roadside Harvest: Collect: Fresh grass Storage: End-process:
verge Flail mow Suction-container In bulk | short-term T Landfill - AD

product activity

Raw

material Trestment

: = e = -

I I I
3

Figure9: Process flow blueprints for the milidation strategiesn DEMO &, FlandergBE)

21 hitps://vil.be/wp-content/uploads/2017/09/NacatrarsloteventpresentatieMichaetVanlLeeuwerELC.pdf
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Biomass location Jo¥° Storage location product activity
; p—* Raw
Roadside o | Harvest: Collect: Fresh grass | Storage: o ='e Tl Treatment
verge " Flail mow ™| Suctioncontainer In bulk 7| Shortterm i
VIR
| Freshgrass Fresh grass Storage
ecological . " In bulk In bale
roadside ) Harvest: - Collect: Fresh grass |
management Rotary mow| Bale & truck In bale
,,,,,, ‘ Processing

Endprocessing location

Endprocess:
Composting

A
¢ | Endprocess: |
Feed

Endprocess: |
Extraction

*

FigurelO: Process flow blueprints for the mobilisation strategies in DERI@e2land (NL).

1.3.3.2 Network configuration

Note that the PFD only provides information on the proce® but gives no information on the
location of activities. This geographical context needs to be added as well. Obviously, the physical
location of the activities and products throughout the supply chain is key to define an optimal
mobilisation strategy. Following the logic of sectib8.2 four main activity types are differentiated
asgeographidocations:

1
1
1
1

Harvest locationsHigurel?2);

Shortterm storage locationsHigurel3);

Pretreatment and longterm storage locationsHigurel4);
Endprocessing locationg={gurelb).

Additionally, all relevant transport connections between locations are defined to establish a network
configuration Figurell). The following connections are considered:

1
1

=a =4 —a —9

From a harvest location to a sheidgrm storage;

From a shorterm storage directly to a processing facility where primary feedstock is
immediatelyprocessed;

From a shorterm storage to a longerm storage where prgrocessing takes place;

From a longerm storage to eneprocessing;

From endprocessing to longerm storage (specifically for digestate);

Between endprocessing facilities (specifigafor digestate).
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N e b

END-
PROCESSING

Figurell: Network configuration options to be considered (black arrow = primary feedstock, dark
grey arrow = intermediate product, light grey arrow = digestte

1.3.4 Geographic context

1.3.4.1 DEMO 1Grassification regn ¢ Flanders (BE)

1.3.4.1.1 Feedstock

As mentioned previouslyhe location and acreag®f the road side vergeare essential information

to model the logistics in the supply chafFor DEMOL Flander$, no suchmap exiseéd with data on
location, length (and width/surface) and type of the verg&dditionally only segmented information
was available on which verges are actually harvestednitigate this lack of data, VITO has developed
a SQlcode to derive this informatiofrom the GISY' | LGrodkschalig Referentie BestamdD w. Q

Building on that SQtode,the methodologybelow hasbeenfollowedto create a grass verges map of

FlandergTable7):
1. VERGE MAP of FLANDERS: The location of all road verges from 4haepGaRB been
captured using the specifically developed SDE RS GKAOK Aad ol aSR 2y
08 SIAPSNDAYRAYIE 2NJ NRIR O2yySOilA2yu0vI Wgo)
@oSI2LIRSEAYITE 2NI NRBIFR flreé2dzio 2F GKS Dw. |
the GRB

2. ADD OWNER: Distinction has been made between roads owned by; i) the Flemish Agency
for Road and Traffic (AWV); differentiated between highways and main r@gineds and
i) the municipalities being all remaining local roads. The total acreage of these verges
has been calculated, leading to a theoretical acreage of 865&00ha;

3. EXCLUDE CITY CENTRE AREAS: This with the rational that these surfatgalyare vir
completely builtup or paved with the consequence that grassy verges are marginal on
these verges. This exclusion is not performed on the verges along highways because
highways are mostly accompanied by grassy verges, even when passing througtgor al
a city centre

22 Note that digestate needs @mposting step as final processing
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4. EXCLUDE DRIVEWAYS: A fixed driveway width was excluded for each address point defined
in the GRB, as also driveways are considered paved. This correction of the theoretical
surface leads to a technical surface of cit8#85ha;

5. ADDITIONAL CORRECTION for regional and communitydigieso correct for verges
GKAOK KIFI@S 0SSy LI @SR LXIFIYyGiSR oS®3aod KSR3IS
gardens). As no scientific literature for a correction factor is available for Flantesss
assumed that 45%o0f remaining verges were not grass covered. This correction led to the
technical correctedrergesurface10.510 ha. The corresponding locations are shown in
Figurel2. These locations werassumed to be verges which needed to be harvested by a
cut-and-collect campaign.

Middelburg op_Zoom

Flushing

Schaarbeek

Brussels
Ukkel
n
Roubaix =
141 - %) o Verge grass MUN
Lille sl W I Verge grass AWV - highway
Tourna
0 10 20 ".'ﬁD.“., rnai I Verge grass AWV - regional road
g ™ ™ e < : et IGN, Esri, HERE, Garmin, USGS,JGA

Figurel2: Map ofthe Grassification region Hlanders;grass acreage on road verges (MGOWTO).

Notwithstanding the methodology and the resulting @i8p of Flemish road side verges can be
subjected to criticism, specifically when drilling down to parcel levahethelesst is the best map
available for Flandws to our knowledge. The method provides a solid idea of the location and acreage
of verges at a higher geographic level, which is the level relevant to define strategic mobilisation
strategies.

The now attained acreage and location of verges combimitd the harvestable quantityTablel)
results in a harvestable potential of 190.000 tonfreshclippingsper year irthe DEMOL regio(Table

8). The DEMO 1 regiaroncerns3 provinces of Flanders, i.e. Antwerp, West Flanders and East Flanders
and entails about 66% of the roads in Flanders.

2 Note that highways were excluded from this correction.
24 Note variations on this factor can be modeled as well.
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Table7: Road verggrass acreagen demo 1 Flanders)(ha).

AWV grass AWV grass MUN grass Total
RR HW
Theoretical(1-2) 7.305 1.255 27.130 35.690
Excl. driveways and citgentres(3-4%9) 3.370 1.255 13.460 18.085
Additional correction (%9) 1.8% 1.255 7.400 10.510

Table8: Harvestable quantities idlemo 1 (Flandergjounded at 100).

Feedstock type Theoreticalquantity Technical quantity
(tonnelyearfresh) (tonnelyearfresh)
Summer Autumn Total Summer Autumn Total
AWV-RR grass 25.600 18.100 43.700 18.000 12.600 30.600
AWM-HW grass 17.300 12.300 29.600 12.200 8.500 20.700
MUN grass 118.400  78.500 196.900 | 83.000 54.800 137.800
Total 161.300 108.900 270.200 113.200 75.900 189.100

1.3.4.1.2 Storage and préreatment

Figurel3shows the location of the shoterm storage sitesvhichare assumed tonlyacceptclippings

from their respective owners, e.glippingsfrom AWV verges can only be stored at A¥fagesites.

This implies thatt is assumed thaafter harvest theclippingsare transported to the nearest shert
term storageof their respective owner

Middelburg

Flushing

Lille % ; \@ _ Short-term storage (AWV)
o) S 7 20 Ve ymal e Short-term starage (MUN)

I e ™ ey 0 _r IGN, Esri, HERE, Garmin, USGS NGA

Figurel3: Shortterm storage sites as considered in the MooV assessment.

25 Correction 3 and 4
26 Correction 5
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e e kT Tournai IGN, Esri, HERE, Garmin, USGS, NGA
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Middelburg p_Zoom

Flushing

__}\_\\\l RI ‘1\[25

Aritwerp
Sint-Niklaa

Roubaix

10 20 40

Figurel4: Longterm storage sites as considered in the MooV assessfoedemo 1 (Flanders)

1.3.4.1.3 Endprocessing
Figurel5shows the location of th potential endprocessing sites:

All existing composting sitetistinguishel between green waste and VR@ste (vegetable,

fruit and garden waste) composting sifes

All existing landfill@s potential location to start landfill anaerobic digestion (lah&D);

For the location of the biomaterial sites, commercial scale sites do not yet exist to our
knowledge. As potential location, it is assumed that each province locdiesriaterialsite,

as currently one site is operation@t limited scale)n Lewen (cf. Circular Matters).

0

™ e — Tournai 2 == composting (green) Y& material
i

TETgET
Middelburg p_Zoom

Flushing

TBERLAN,)

Roubaix

10 20 40 ¢ ey composting (VFG) @ digestion

Figurel5: Endprocessingites considered idemo 1 Flander3.
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1.3.4.2 DEMO 2Grassification regioqZeeland (NL)

1.3.4.2.1 Feedstock

In Zeeland, road side verges are managed by 5 different parties: 1) the province of Zeeland, managing
the larger through roads, 2) Rijkswaterstaat, taking care of the A58 and the N57, N61, N63, 3) North

Sea Port, covering the port area from Vlissingen &atheuzen, 4) nv Westerscheldetunnel and 5)
Water Board Scheldestromen, taking care of the other Zeeland's rGatiéeQ).

Table9: Estimatedroad verge grass acreage (ha) in Zeel&nd

Manager Length (km) Area (ha) Ha per km Share total
(based on km)

Water Board Scheldestromeri 4.000 1.600 0,4 85 %
Province of Zeeland 400 500 1,3 8 %
Rijkswaterstaat 175 600 3,4 3%
North Sea Port 130 220 1,7 3%

NV Westerscheldetunnel 15 67 4,5 1%
Total 4.720 2.987 0,63 100 %

From theWater Board Scheldestromen (85% shaas)well as therovince of Zeeland (8% shaye)
detailed GIS maps have been obtained with indication of location, area and roadaidegement on
their road side verges in 2018iQurel6). Together, the province of Zeeland and the Water Board
Scheldestromen cover about 93 % of the road verges wiiids already a very good estimation of
verge grass availability in the region.

In general, the road side verges in the Netherlands are flailed once a year, after which the clippings are
left behind on the verge, resulting in a rough, spegiesr verge Within their dataset, Water Board
Scheldestrom indicated the verges under an ecological mowing regime, meaning that the verges are
mown with a rotary mower and the clippings are collected for f@edurel6).

Table 10 summarizes the acreage of road side verges within the datasets from the Water Board
Scheldesomen and the Province of Zeeland. In comparisonTable9, based on Z7), the acreage
deducted from the data provided ke Province of Zeelan@ablel0) is higher because this dataset
assumes a roaderge width of 2 reter.

TablelO: Road verge grass acreagelie demo 2scenarios (datase2018 (ha).

PZ grass WSS grass Total
Standard mowing regime 800 1.540 2.340
Ecological mowing regime 0 20 20

27 Provincie Zeeland, Natuurrapportage Zeeland, 2019
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8

Water Board Scheldestromen Province of Zeeland
Standard mowing regime - Standard mowing regime
Ecological mowing regime

Figurel6: Map of the DEMO 2 regioQgrass acreage on road verges managed by the Province of
Zeeland and the Water Board Scheldestromen.

In combination with the harvestable quantity (tonne per ha), definedablel, thiswould result in a
harvestable potential of 42.300 tonnes per year in Zeelatwio cuts peryear would take plac€rable
11). However, in the current (AS 1S) situation, the standard mowing regime is toutgce a year,
resulting in a harvestable potential of 25.300 tonnes per year.

Tablell: Potential larvestable quantities ithe demo 2region(rounded at 10Q)

Feedstock type Theoreticalquantity Technical quantity
(tonnel/yearfresh) (tonnelyearfresh)
Summer Autumn Total Summer Autumn Total
PZ grass 11.000 7.800 18.800 7.800 5.500 13.300
WSS grass 25.000 16.500 41.500 17.500 11.500 29.000
Total 36.000 24.300 60.300 25.300 17.00 42.300

1.3.4.2.2 Storage and préreatment

Figurel7 shows the location of theandomly allocatedshortterm storage sites and are assumed to
acceptall vergegrassclippings So,after harvest theclippingsare always transported to the nearest
short-term storage locatioras a crosslock location from which trucks go back and forth to leegn
storage sitegFigurel8) or endprocessing sites~{gurel9).
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Water Board Scheldestromen

- Province of Zeeland
Figurel7: Shortterm storage sites as considered in the MooV assessmeDEWIO2.
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Figurel8: Longterm storage sites as considered in the MooV assessmeDEBIC2.
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1.3.4.2.3 Endprocessing
Figure19 shows the location of the potential eqatocessing sitesin DEMO2, the objective is to
investigate the impact of different roadside management strategies. Therefoogntial end
processindocations ardimited to the (5)compostingfacilities inandnearZeeland (i.e. Indaver, Den
Ouden and Sagrograss clippings cdre composted or prdreated intostorable fibres for bimaterial
production. It is expected that these composting sites have or attract the needettgaenent
equipment to preprocess the verge grass into storable fibres fornaderial production durirg
harvesting monthsegliminatingthe need for longerm storagecapacity for the cuttings

N ” NG
‘ W
é
- A — km
0 5 10 20 30 /4\0 Y

s Compost

Sourcing area

Figurel9: Endprocessing sites considereddEMQO2.

y vito

This concludes the complete definition of @Hassificatiorsupply chairspecifics The next session
discusses the design of the supply chain optimisation model based ondpesiics
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1.4 Designngthe supply chainoptimisation model

1.4.1 MooV ¢ a core/shell configuration

For the definition of grass mobilisation strategies, the MooV opttios model is used. MooV is a
supply chain optimisation service specifically developed for complex supply chain questions. The MooV
model is builtup in acore/shell configuration

The core captures all universal supply chain logibat characterise supply chain activities, how
activities effect product characteristics and how activities are interconnected by transport modes. The
shell is customised to capture the specifics of the case at hand.

For this study all specifics definetsiectionl.3have been transdped into the customisedhellof the
MooV model. Such specifics include amongst others

1 The addition of parameters related to descrigithe specific relationships between harvesting
location and closest shoterm storage location;

1 The addition of parameters defining the demand of a specificmodessing facility considering
location, type and moment in the year.

The parameters andeir valueswvere collected via partners and/or literature review. The advantage

of such a shelpproach is that casspecific data can be easily added, changed or removed without
having to modify the core configuration of the model. This approach allomiké flexibility to perform

a variety of scenarianalyses; or to swiftly use the same model later to assess comparable cases in the
future.

1.4.2 Mobilisation objective & constraints

To assess mobilisation strategies for gralgpingsin Flanders, MooV appaches the problem as a
multi-stage capacitated facility location planning probféim which at each site or activity the grass
characteristics can change due to harvesting, storageppreessing and processing operations. Next
the problem is translatedo mathematical linear relationshipsi.e. a modet in which the goal is to
find the best mobilisation strategyto meet a specific demand for grass feedstatkeast cost (the
objective) while fulfilling casspecific requirements (the constraints)

1.4.2.1 Objective function(s)

The objective function is a combination of mathematical equations dictating that the mobilisation costs
must be minimised while meeting a set of constraints and relationships between the decision
variables®. Each combination of decisiovariables is a potential solution. However, only the
combinations that meet the constraints are feasible. With solver techniques the optimal combination
is calculated.

28 Melkote, S.and Daskin, M. Capacitated facility location/network design problems. European Journal of
Operational Research 129 (2001), 4895.

2 The MILP model is aglaboratedextension of the model described in DE MEYER, A., CATTRYSSE, D., VAN
ORSHOVEN, J. (20¥5yeneric mathematical model to optimise strategic and tactical decisions in biomass based
supply chains (OPTIMASS). European Journal of Operational Research, 245 @§4247

30 Alternatively, next to costs also environmental (e.g. emissions) or §eajajobs) objectives can be minimised

or maximised.
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So, the main objective is to minimise ttedal mobilisation costwhich includes:

- Cost for harvesting;
- Cost forpre-treatment andlongterm storage
- Cost for transport

Additionally, thetotal transport distanceandthe total vehicle movementsare calculated.

1.4.2.2 Constraints

The constraints reflect the limitations and conditions under whtoh grass supply chain operates.
These constraints are sourced from previous projéaad expert knowledgé® The most important
constraints are listed below.

1 Physical constraintge.g. capacity, feedstock quality or origin) imposing limitations on the
allowable combinations betweertlippings andprocessing options between processing
options mutually, and on the allowegrocessest the harvest storage and engrocessing
locations.

0 Example 1: for scenario T8E3 in DEMOL (see sectior2.1.3.5 ¢ only grass from
highwaysis allowed for the biomaterials. This constraint links the feedstock quality
with the endproduct It indeedis assumed thditter risk forhighwaysdsrelativelylow
after the first 2 meters¢ while sensitivity towards litter for biomaterials is high.

1 Product conversion constraintdefining the conversion of a product into another product due
to an activity (harvesting, prprocessing, storage or eqatocessing)

0 Example: when grass is stored and ensilaged, it changes from fresh grass into silage
including a change in moisture content, bulk density, etc.

1 Network flow constraintsdefine the mass (and volume) flows betweerdyvest and end
processingsites ii) between harvest and storagstes and iii) between storage and end
processingsites (Figure 11). An additional flowcan occur betwen endprocessingsites
mutually. This is the case for digestate from landfil sites (end-processing 1) which is
transportedto compostsites (endprocessing 2). This movement is necessary as digestate
from landfillAD cannot be directly applied and rgces further processing.

1 Longterm storage constraintas gras€lippings area degradable product, proper loftigrm
storage maintains its quality to meet the epdoduct requirements. So, when not
immediately processed after harvest, a constraint dietathat, roadsideclippingsmust be
ensiled.

For the Grassification project a MooV shell has been customiseshpture all supply chain
specifics (sectiorl.3) as well as the objective function and constraints (sectloh?. The
customised supply chain optigation model is now ready to be tested and validat€tdpter 2.

31 These costs parameters where described in Section 3.2
32 NonHimitative: Grasgoed, Graskracht, Grassification.
33 Note these constraints can be easily changed in case new insights emerge.
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Chapter 2.
D3.2.2- TESTING AND VALIDANIOF THE SUPPLY GHAPTIMISATION
MODEL

Now the grass supply chain is correctly defined andply chain optimisatioomodel is designed
accordingly Chapter }, this chapter describes the different mobéion scenarios and their results
for the respective demo$)EMO 1Klanderyand DEMO 2Zeelang.

2.1 DEMO I Mobilisation strategies for verge grass Belgium

Within DEMO 1 the main objective is to investigate the impdiataviation inend-processingon the
mobilisation cost

2.1.1 Overview

2.1.1.1 Mobilisation scenarios

The AS IS scenario reflects the current situation for processirgegrassclippingsin Flandersi.e.
green composting. This scenario sets the baselinetfertotal mobilisation cost andhe related
mileage anchumber ofvehiclemovements.

In the TO BE scenarios potential future scenarié@ verge grass processing in Flandars
investigated Each scenaridiffers in i) type of engbrocesses, ii) the capacity of the eptbcesses
and/or iii) the allowed feedstock quality for the eratocess. This differentiation allows to test the
impact on mobilisation cost of each scenari@ble12 shows the overview ofhe six investigated
mobilisation scenarioslhe detailed description of the scenarig$ound in the following sections.

Table12: Overview of investigated mobilisation scenafmrsFlanders?.

END- PROCESSING
Compost Compost Landfill Dry Material
(Green) (VFG) digestion digestion applications
asis | N/ e ) ¢ ) ¢ X ) ¢
- TOBEL \/(30%) (10%) x x x
% TOBE2 \/(30%) V(10%) \/ x x
®| TOBES \/(30%) \/(20%) x \/ x
TOBE4 \/(30%) \/(10%) X x V@ province
TOBES V(30%) \/(10%) x x \/@ compost

349% = the proportion of grasdippingsin the total input of the composting facility
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In addition, a case foone specifidandfill-anaerobic digestion (landfiAD)wasinvestigatedi.e. the
landfill site of Vanheede in Roeselafighis required aletailed analysis of the mobilization coskds
specificdigester(section2.3).

Finally the supply chain model wassed to analyse the sensitivity of the mobilisation ceigh respect
to the grass origin by road typ@dWVHW, AWVWVRR, MU the availability of grass and the service
area(section2.3.3.

2.1.1.2 KPIg Key Performance Indicators
TheKPlsi GKS aSOliAzya o0St2¢ | NB WO hidh@rzbeBohdintid 3SQ |
result tables. The indicators are to be interpretesifollows:

1 Cost:expresses the mobilisation cqstr tonne- including harvest, storage and transpanp
to the gate of the engbrocessofFigure 5)

1 Mileage: expresses the travel distanper tonné® to deliver theclippingsat the gate of the
endprocessr. The mileage includes i) travel from harvesting site to the closest-tenart
storage, ii) from shorterm storage to longerm storage or engbrocessors and iii) from long
term storage to engprocessing

1 Vehicle movementexpresses the number of trgs@t movements (by tractor or truclger
tonne*® to mobilise the grass from the harvest locations to the-pratessas;

9 Used AWV / MUN (%kExpresses the percentage of the technical harvestable potential being
mobilisedg from AWVand MUN vergesespectively

2.1.2 Availability of verge grass

In the region of FlanderEMO 1 areaonsists of the provinces Eastern Flanders, Western Flanders
and Antwerp. Combining results fromTable 7 and Table 1 shows the estimated total
technical/harvestable grass potential from road vergete\DEMO (Tablel3).

The total harvestable grass from road vergethe areaamounts to circd89.000 tonnes fresh matter
or 63.000 tonnes dry matteeach yearThe total is divided oveanunicipal roads (73%), AWV regional
roads (16%) and AWV highways (11%).

Tablel3: DEMO Iharvestable grass feedstock.

Quantity Surface Total Quantity

(technical) (technical(corr.) (technical)
Feedstock type (tonne/ha fresh) (ha) (tonne fresh) (tonne dry¥
AWV RR 16,6 1.855 30.605 10.100
AWV- HW 16,6 1.255 20.735 6.845
MUN 18,6 7.400 137.820 45.480
Total® - 10.510 189.160 62.450

351f a truck transports 5 tonnes over 10 km, the mileage is 2 km per tonne.
36 |f a truck transports 5 tonnes with 1 movement, the vehicle movement is 0.2
37 Dry matter cont@t of 33%

38 Rounded * 1000
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As a reflection on the grass availability the results frdable13 were combined with results from
earlier studies(Graskracht and Bermgrashhese studies concludeadrca 149.000 tonnes is yearly
harvested fronroad vergedor the whole ofFlanders® Theseclippings argpredominantly processed
via composting. OVAM communicated thetca 82.000 tonnes of grasmve been composted in
Flanders2020. It is assumed that this grass mainly comes from road vergetandch lesseextent
from nature reserves, as nature grass is also used as feed.

As the DEMO 1 area is limited to 3 provinces of Flanders (Antwerp, West Flanders and East Flanders)
represerning about 66% of the Flemish rodtithis results in about 99.000 tonnes yearly harvested

from road verge®. Starting from a technical potential 0B2.000 tonnes (100%Y.hese assumptions

would conclude 99.000 tonne$2%) are harvested while90.000 48%) is not. From the harvested

grass (100%) abo4.000 tonne¥ (55% are omposted while45.000 tonnes45%) is exported or

not treated.

ROAD VERGE EXPORTED or
GRASS MOT TREATED
(189 KTON/100%) (45 KTON f45%)

HARVESTED

(99 KTON/52%)

COMPOST
(54 KTOMN /55%)

Figure20: DEMO 1Road verge grass AS flow.

2.1.3 Scenario analysis

2.1.3.1 AS IS scenarggComposting
This scenario starts frot89.000 tonnes (fresh) that ischnicaly harvestablesveryyear (Table4).

The AS IS scenario reflects the domineurrent practice Eigure21). This means, verge grass being
mainly composted at green composting sites.

About 54.000 tonnes ofrergegrassclippingsare green compostetf As the total green composting
capacitywithin the regionis circa318.000 tonnes per yed® grassclippings wouldepresent17%of
the total capacity. This results #86.000 tonnes otlippingsleft unharvested, unused, or exported.

39 https://www.ovam.be/sites/default/files/atoms/files/Actieplarduurzaambeheerbiomassareststromen
20152020DEF%2BERRATUM.pdf

40 https://www.seniorennet.be/Pages/Auto/wegenpatrimonium_vlaanderen_cijfers.php

41 Being 66% 0f49.000 tonnes defineth Graskracht and Bermgras).

42Being 66% of 82.000 communicated by OVAM (2020)

43Source: OVAM (2020)
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NOT HARVESTED or
NOT PROCESSED or
EXPORTED
(135 KTON)

ROAD VERGE
GRASS
(189 KTON)

COMPOST
(54 KTON)

Figure21l: DEMO 1ASIS SCENARIO: Process flow diagram and technical potential.

Note that the AS IS scenario can only be assesaddr the assumption thaturrent mobilisation

would beoptimally organised (i.ebest practicé It is likely that this is not the case and thatrent

actual practicds operating sulptimally. It can be expected that actual practicenot always verges

are harvested at lowest cost nor that the verges nearest to the composting sites are being harvested
first. As such it is likely that thbest pactice baseline cost calculated for thAS IS scenario
underestimates the mobilisation cost yasvis theactual caseHowever,empiric data from the actual
practice are not available.

For thebestpracticeit is assumed that the grass is mobilised at minimal cost to meet the demand from
the green composting sites. This means that;

i) the model choses municipal verge grass to fdetcomposting sites, as it comes at the lowest
harvest cost and is abundantlyalable and

ii) that verges nearest to the respective composting sites are being harvested first, as this comes
at the lowest transport cost.

Figure22shows the cost ofinal supply chain configuration map of the AS IS scenaridhétiourcing
areato supply54.000 tonnesclippingggrey), the selected optimal shetrm storage sites (red) and
the green composting installations (green). Bird flight lines indicate trabhspmutes (black
interconnectors), however transport distances have been calculated via the actual road network.

The results of the AS IS scenario are summaris€dbiel4. These results are the baseline costs to be
benchmarked with the TO BE scenarios (see se@itr8.2- 2.1.3.5. To be able to compare the
A0Syl NA2aAT G KS8.1.Dareexptesddder bofing 6F hiakvestéd (and mobilised) grass per
year.

- The minimised mobilisation costisp>~ p € LISNJ § 2 y Yy ,S0 ned th&demaddbai § SR 3|
the green composting faciids;

- Inthe AS IS situation, the minimised mileagk @skm per tonne of harvested grass
- The mobilisation require8,21 vehicle movements per tonne of harvested grass

- From the cost perspective, the origin of the grass (AWV / MUN) mainly impacts thestiag
costs Table4). In the AS IS scenario only verge grass from municipal roads is harvested and
transported to the green composting sites becaudail fmowing (without safety cars) is
preferential- as it is cheaper than rotary mowinggbled) ¢ and MUN grass is abundantly available
(137.820 tonneswailable vs. 54.000 tonnes demand (or 39% is used)).
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Tablel4: DEMO 1: AS IS SCENARIO: Summary of the MooV result.

KPIs Per tonne harvested grass vs. AS IS (%)
/2840 0¢€0 49,5 0%
Mileage (km) 1,6 0%
Vehicle movements (#) 0,21 0%
Used AWV / MUN (%) 0/39 0/0

N iddelburg p_Zoom

Flushing

FTHERLAN,

Brussels
Ukkel
Rouban Composting (green) —— Transport grass
0 10 20 40 Hohmarirg ; @  Short-term storage (AWV) Sourcing area
E km Tournai ®  Short-term storage (MUN)
aAscq

Schaarbeek

Figure22: DEMO 1 AS IS SCENARMap of the cost optimal supply chain configuration and

sourcing area.

2.1.3.2 TO BE 1 scenartncreased composting

In the TO BE 1 scenario, the demand for gddigpingsby green composting is increasefidom 17%
(AS 1S)o 30 %of the total capacityor 97.000 tonnes of grass per year. In addition, the demand from
garden, fruit and vegetable wasteMGRH compostingsites is set to 10%f their capacity or 8000
tonnesper year(Figure23). In totd, the composting sitesvould take in 25.000 tonnesThis results

in a remaining 65.000 tonnes of grass which is unharvested, unused, or exported.

Longterm storage is foreseen to buffer a constant yeaund supply to the composting facilities. If
not, to attain an overall yearly percentage of 30%, composting sites wmadd to take in peaks way
above 30%which is not feasiblgjuring harvest seasonas no grass is available during winter season
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NOT HARVESTED or
NOT PROCESSED or
EXPORTED
(B4 KTONM)

ROAD VERGE INCREASED Green 30% (97 KTON)
GRASS COMPOST
(189 KTON) (125 KTON) VGF 10% (28 KTON)

Figure23: DEMO 1TO BE 1 SCENARIO: Process flow diagram and technical potential.

Figure24 shows the cost optimal supply chain configuration of theBIED1 scenario with the sourcing
area for the 25.000 tonnes grass (grey), the optimal shtetm storage sitegmunicipal red dots and
AWV- green dots), the composting installations (gredight green cross andGf- dark green cross).
Bird flight lines indicate transporbutes; however,transport distances have been calculated via the
actual road networkThe sourcing areas have increased significantly to rtee=tlemand.

Tergen
Middelburg op_Zoom

Flushing

THERLAN,

Schaarbeek

Brussels .
. Ukkel N
vergen ' 5 s
Ay Rouba’ % 4= Compost VFG ®  Short-term storage (AWV) -
0 10 20 40 141M_vaHennuyer g 4+  compost green ® Short-term storage (MUN)
Eﬂmikm {ournai Transport grass Sourcing area

Figure24: DEMO 1TO BE 1 SCENARIO: Map of the cost optimal supply chain configuration and
sourcing area.
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The results of the MooV analysis of the TO BEUAtHIN are summarised ihablel5:

The minimised mobilisation costfsm € LISNJ {2y Yy S , ® MeeKiheNderSagell SR 3 NJ
demand at the composting facilities, armarginal increase with,9% in comparison to the AS IS
scenario;

In the TO BE 1 situation, the mileagmuntsto an average 02,1 km per tonne of harvested grass
or an increase with % in comparison to the AS IS scenarilue to a broader sourcing area. This
increase is also reflected Figure24;

The mobilisation require8,21 vehicle movements pr tonne of harvested grasshichequalsthe
AS IS scenario

In this scenaripmost verge grass from municipal roades been harvested {9) to meet the
demand at the gate of the composting facilities. As feedstock type, grass from municipal roads
remainspreferred as it isufficientlyavailable and cheapdo harvest.

Tablel5: DEMO 1TO BE 1 SCENARIO: Summary of the MooV result.

KPls Per tonne harvested grass vs. AS IS (%)
/2844 0¢€0 51,0 +0,9 %
Mileage (km) 2,1 +31 %
Vehiclemovements (#) 0,21 +0%
Used AWV / MUN (%) 0/91 0/+52%

2.1.3.3 TO BE 2 scenardncreased composting / landf#iD

This scenario builds on the TO BE 1 scenario. The increased intake of grass by composting installations
is kept at30% for green compost antil0% for VGF compd¥t with a demand of 25.000 tonnes per

year. However, the TO BE 2 scenadlditionally includesall existing landfills operatingvithin the

regionas grass landfiAD sites

This scenario addhe 8 existing landfill sites as potential landf#{D sites with a grass intake calculated
proportional to the Vanheede cag8ection2.3))*, i.e.a fresh grass demanat each siteof 4.500
tonnesin the summer as well as in the autumn mowing sea3twintakefor all ADlandfill sites would
thansum76.000 tonnes per year, which is converted to cit€000 tonnes biogas ar&@D.000 tonnes
digestate per year. The digestatust be further processed into compost before it can be used as soil
improver.

For thecomposting site this means theywould only need65.000 tonnes of fresltlippings tomeet
their total demand of 125.000 tonneas60.000 tonnef digestate needs to be composted as well
(Figure25).

This results id9.000 tonnes of grasdippingdeft unharvested, unused or exported per year.

44 Full scale tests indicate even up to 25% of VGF waste can be replaced with verge grass. (soureAcimAM
Plan Sustainablmanagement of biomass streams 262620)

4 The ADIandfilltechnology is under investigation in the Interepepject Grassificatioat the Vanheede site in
Roeselare The mobilization costdor this specifidocation were also calculated and aggresentedin section
Error! Reference source not found.
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NOT HARVESTED ar
NOT PROCESSED or
EXPORTED
(48 KTON)

ROAD VERGE

GRASS —  [BSKTON}———p COMPOST
{125 KTON) VGF 10% (28 KTON)

INCREASED Green30% (97 KTON)

(189 KTON)

LANDFILL-AD
(76 KTON)

{76 KTON) »

Figure25: DEMO 1TO BE 2 SCENARIO: Process flow diagram and theoretical potential.

Also, in this scenario, lortgrm storage is needed at the composting facilities to ensure the availability
of yearround clippings At the landill-AD sites no lorerm storage is needed. Grass is directly
digested after harvest to ensure highest biogasductionlevels.

Figure26 shows the cost optimal suppkhain configuration of the FBE 2 scenario with the sourcing

area for the141.000 tonnes grass (grey), the landfils Q& 66t I O1 0 Sterril dBage2sitdd A Y I f 2
(municipalg red dots and AW\, green dots) and the composting installations (greelight green

cross and/GFg dark green cross)

Bird flight lines indicate transport of fresh grass to composting and laAddillsites (black
interconnectors) and digestate transport form landAID sites to composting sites (green connectors).
This timethe sourcing area increased slightly-aisis scenario TO BE 1 as demand increased with
16.000 tonnes. Note that digestate is transported over longer distafies landfill AD siteso be
processedat compostng sites

TEgET
Middelburg op_Zoom

Flushing

= YHERLAN,

Schaarbeek

Brussels
Ukkel
&}8 composting (VFG) .Tran_sport grass @  Short-term storage (AWV)
. + composting (green) e Transport digestate ®  Short-term storage (MUN)
@ digestion Sourcing area

Figure26: DEMO 1TO BE 2 SCENARIO: Map of the cost optimal supply chain configuration and
sourcing area.
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The results of the MooV analysis of the TO BE 2 scenario are summaiisdadeibtt, focussing on the
YtLQAa F2NJ GKS Y20AatAaldAazy 2F GKS wHdNArédisEuss&E Of dzR A
in Tablel7:

- The minimised molisation costigi2e LISNJ 2y Yy S 2 Thisksla NgBrE&ademBoe I NI & a
in comparison to the AS IS scenario. This is directly related to the increased grass processing
capacity aharvesttime (thanks to landfifADs) which reduces the need f@aosage and treatment
of fresh grassDue to the increased number of eqmlocessing locationgransport of grass from
shortterm storage to eneprocessing site occurs more efficiently (~ reduced number of vehicle
movements);

- Inthe TO BE 2 situation, thelleagecountsto an average 02,4 km per tonne of harvested grass
or an increase witd8% in comparison to the AS IS scenagritue to a broader sourcing area. This
increase is also reflected kigure26, showing thapractically the complete area is sourced

- The mobilisation require6,20 vehicle movements per tonne of harvested grassa decrease
with 8 % in comparison to the AS IS scenadfioe reduction can only be assigned to the transport
movements from shorterm storage to eneprocessing sites and lofigrm sites, indicating an
increase in the efficiency of truck transport (i.e. increase in load factor)

- Also, in this scenarianost vemge grass from municipal roadsas been harvested 796)
complementedwith verge grass from AWV to meet the demand of the composting facilities. Again,
the preferred grass type is grass from municipal roads as it is abundantly availlledtarvest
cost

Tablel6: DEMO 1TO BE 2 SCENARIO: Summary of the MooV result (fresh grass).

KPIs Per tonne harvested grass Compared to AS IS
/I 2adG 0¢€0 42 -15%

Mileage (km) 24 +48 %
Vehicle movements (#) 0,20 -8%

Used AWV / MUN (%) 3/97 +3% / + 58%

So, vithin the TO BE2 scenario, part of the harvested grass is transported directly to composting
facilities while the other part is delivered at the landfiDAThelandfilFADdigestatemust be further
processed into compost at the composting facilities before it can be used as soil improver. The
mobilisation of the digestate (green connectordHigure26) also comes at a costdblel?),i.e.o p €
per tonne digestate The digestate is transported to the closest composting site, considering its
available capacity. This limits the mileagelt@ km per tonne digestedo be transported, requiring

0,1 movements per tonne digestate

Tablel7: DEMOL: TO BE 2 SCENARIO: Summary of the MooV result (digestate).

KPIs Per tonne digestate
/| 2aG o0¢€0 35
Mileage (km) 1,2
Vehicle movements (#) 0,1
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Considering the total cost for mobilisation of fresh graisddigestate Figure27), theTO BE 2 scenario
reduces the total mobilisation cost wittl20%in comparison to the AS IS scenaribhis reduction is
explained by:

- the reduced harvesting costs per tonne demand, sidigestate is used to meet a part of the
demand at the composting sites;

- the increased grass processing capacity at time of harvesting reducing the need for storage and
treatment of fresh grass; and

- transport of fresh grass from shetérm storage to eneprocessing site occurs more efficiently.
These cost reduction overcompensate the additional costs for mobilising the digestate.

100
90
80
70
60

50

30

€/tonne demand (% tov ASIS)

20

10

ASIS TOBE2
C INCC+ LF AD
Harvest Transport to short-term storage
¥ Transport grass to end-processing B Grass storage and pre-treatment
= Transport digestate B Digestate storage and pre-treatment

Figure27: DEMO 1TO BR2 SCENARIO: Comparison of total cost (mobilisation of grass and digestate)
per tonne demand at the gate of the epdocessing sites.

2.1.3.4 TO BE 3 scenardncreased compostingdfy digestion

This scenario elaborates on the action plan 'Sustainable management of biomass (residual) streams
2015-2020" which favours the processinfjroadside clippings in a dry digester with pasimposting

of digestate at the VGF composting sit€3.hrough this methodology, the VGF waste is first valorised
energetically and secondly as soil improver during composting.

46 https:/iwww.biogase.be/sites/default/files/201907/D2_2%200nbenutte%20biomassa%20gemeentelijk%
20berm%20en%20grasmaaisel_0.pdf
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This scenario builds on tHegD BE 1 scenario. The increased intake of grass by composting installations
is kept at30% for green compogor 97.000 tonnes per yearhn addition,a dry digester is added at

each of the VGF composting sitewith similar capacity (on average 40.00nes). Considering that
roadside clippings can be mixed up to 25% in a VGF digester without adverse effects on biogas
production or digestate qualify*58, the fresh grasslemandat the VGF sites, is set to 25% of their
capacity This sums t@ total of 48.000 tonnes per yeawhich is converted to circa 10.000 tonnes
biogas and 38.000 tonnes digestate per y@aigure28). The digestate is further processed into
compost within the adjacent VGF composting facility before it can be used as soil imprbiac,
takesabout 20% of the total capacity of thdGFcompasting facilities.

In total, the composting sites take id3.000 tonnes of grass per yeagsultingin a remainingt4.000
tonnes of grass which is unharvested, unused, or exported

NOT HARVESTED or
NOT PROCESSED or
EXPORTED
(44 KTON)

ROAD VERGE INCREASED Green30% (37 KTON)
GRASS

(87 KTON}————— COMPOST

(189 KTON) (135 KTOMN) VGF 20% (38 KTON)

{

DRY DIGESTION
48 KTON »
' I = (48 KTON)

Figure28: DEMO 1: TO BE 3 SCENARIO: Pftmestiagram and theoretical potential.

Also, in this scenario, lortgrm storage is needed at the composting facilities to ensure the availability
of yearround gras<lippings

Figure29 shows the cost optimal supply chain configuration of theBIED3 scenario with the sourcing
area for the145.000 tonnes grass (grey), the optimal shtatm storage sites (municip&lred dots
and AW\, green dots) and the V&®mposting installations (dark green cross).

Bird flight lines indicate transport of fresh grass (black interconnect®ts$. time the sourcing area
increased slightly \da-vis scenario TO BE 1 as demand increasedomih20.000 tonnes. Note that
digestate ison-site processed in thadjacent VGF compaosting facility, and therefore no additional
transport movements are required.

4T https://www.ovam.be/sites/default/files/atoms/files/Graskracht.pdf
48 Full scale tests indicate even up to 25% of VGF waste can be replaced with verge grass. (SoureéAc@AM
Plan Sustainable management of biomass strea@i52020)
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Figure29: DEMO 1: TO BE 3 SCENARIO: Map of the cost optipislcheain configuration and
sourcing area.

The results of the MooV analysis of the TO BE 3 situation are summaricaiobid8:

- The minimised mobiligeon costis52e LISNJ G2y y S 2, %raKihchBSvitivd R I NI a4 &
comparison to the AS IS scenarldis increase is mainly related to an increase in harvesting costs
and transport costs from shoterm storage to engprocessing site due to tHargersourcing area

- Inthe TO BBsituation, the mileageountsto an average 02,2km per tonne of harvested grass
or an increase witl34% in comparison to the AS IS scengrilue to a broader sourcing area. This
increase is also reflected Figure29, showingmost ofthe sourcing areé cut

- The mobilisation require8,22 vehicle movements per tonne of harvested grasguals the AS IS
scenario

- In this scenaripmost verge grass from municipal roades been harvested 49%) to meet the
demand at the gate of the facilities. As feedstock type, grass from municipal roads i®cteeap
harvest.However,6% is being harvest from AWV roads as well. This because the remaining 6%
municipal verges have such high transport costs (are so far away), that it becomes more interesting
to harvest local AWV road sides (despite the higher harvest costs) instead.

Tabk 18: DEMO 1: TO BESCENARIO: Summary of the MooV result.

KPIs Per tonne harvested grass vs. AS IS (%)
[ 238G 06¢e0 51,7 +5%
Mileage (km) 2,2 +34%
Vehicle movements (#) 0,22 +0,8%
Used AWV / MUN (%) 6/94 +6% / +55%
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