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As laid down in the Technical Description of the Proposed Action (Part C of Life
Biomass C+ Project, grant agreement Lifel6 CCM/GR/000044), the aim of Action A2
was the training of all the staff on GFF system, for they represent the necessary link
between ‘theory’ and ‘practice’. The training had to follow the overall idea of planning
an adaptive strategy, the set-up of the planting and harvesting procedure and the
methodologies for monitoring and sampling procedures and it had to take the form of

a Workshop with a theoretical and a practical part.

In compliance with Action A2 of Life Biomass C+ Project, a training course on GFF
system was given by the Agro-Energy Group of the Technical University of Madrid
(Spain) (GA-UPM) in their experimental facilities in December 2017, during the 2™
STC meeting of the Project. As the responsible for Action A2, GA-UPM organized the
workshop, and their personnel gave the Workshop based on previous experiments
developed under the framework of other projects and taking advantage of an
experimental GFF grown in their facilities. Methods for water analysis should follow
national guidelines, like the ones by MAPAMA in Spain or APHA-AWWA-WEF in
USA.

The development of the workshop is described in detail below:

e M.D.Curt. Welcome to workshop participants and presentation of lecturers.

e P.L.Aguado. Lecture on Cattail Propagation. Practice on species identification
and dispersal units. Practice on germination tests. Videos produced by GA-
UPM on: i) seedbed preparation for cattail propagation; ii) plantlets
transplanting.

e M.l.Martin Girela. Lecture on GFF design and phytosanitary measures.
Practice on different materials and supports for GFF establishment.

e P.L.Aguado. Lecture on GFF Harvesting. Practice on a test for identifying the
starch peak time. Videos produced by GA-UPM on: i) aerial biomass
harvesting; ii) under-water biomass harvesting; iii) identification of rhizome
starch peak time.

e P.L.Aguado and F.Albajara. In the greenhouse: Practical season on seedbed
preparation, sowing, plantlets and transplanting.

o M.l.Martin Girela. At experimental ponds: Practical season on polystyrene
sheet assembling, cattail GFF establishment and monitoring and controlling

the system.




LIFE Biomass C+ , LIFE BIOMASS C+ Low-cost, carbon positive bioethanol production with
innovative Green Floating Filters in multiple water bodies

e P.L.Aguado, M.I.Martin, F.Albajara. At a previous GFF filter: Practical season

on harvesting and under-water plant fractions identification.

The Milestone ‘Training course for partners realized’ that had been set up for A2
Action in the Project proposal, was successfully achieved and the A2’s Deliverable

product, the ‘Training course material’, shared with all participants.

This document aims at the submission of Deliverable A2 of Life Biomass C+ Project.
During the 2™ STC meeting of the Project it was agreed that the contents of
Deliverable A2 will be as follows:

-Introductory page (background information) to the training course.
-Training course material gathering visual presentations and photos, in the form of:

e Annex |: Cattail Propagation (Cover page + 5 pages, 6 slides per page)
o Annex Il: GFF design (Cover page + 5 pages, 6 slides per page)
¢ Annex lll: GFF Harvesting (Cover page + 5 pages, 6 slides per page)

o Annex IV: Pictures of participants during the practical part of the course.

Key Words: cattail propagation, GFF design, harvesting
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The first annex corresponds to:
¢ How to get cattail plants
e Description of cattail inflorescence and fruit (located on the female head part
of cattail stem)
e Selection of plant material
o Seedbed preparation
e Transplanting cattail seedlings

Cattail propagation

Cattail seedlings can be purchased from a nursery specialized in aquatic plants. The
price range is around 0.4 € per plant in Spain (as it was in June 2017). Another
cheaper option of getting cattail plants is to create proprietary (our own) cattail
propagation.

The required materials for the proprietary cattail propagation are viable fruits or
rhizomes, garden and cells trays and substrates.

Proprietary cattail propagation can be made by means of seeds or by rhizomes. In
this project, rhizomes will be used for bioethanol production, so it is not
recommended to use them also as propagation material.

The best period to find seeds is in October — November provided that natural stands
of cattail plants will have already been located under the study area. This area could
be ponds, rivers with slow flow, etc. These months are preferred because cattail fruits
are ripe and seed dispersal has not occurred yet. The appropriate area to obtain
seeds is the field of study because in this way it is ensured that new plants will be
adapted to local environment, non-allochthonous plant material is introduced in the
area and it will be respectful of natural spaces.

Cattail identification

Another important part of cattail propagation is to identify accurately the cattail
species picked up for GFF establishment because cattail species differ in growth rate
and tolerance to water contamination. The ideal time to identify these species is in
the maturity stage. At that time, the head of Typha latifolia is dark brown while the
head of Typha domingensis is light brown; in addition, its shape is more slender than
Typha latifolia.

Heads harvesting

Next step is mature cattail heads harvesting. This action could be difficult depending
on the stand site. After this, cattail heads must be put in lab and let them in room
temperature. If heads are mature and kept at lab after 1-2 weeks at room
temperature, changes like cottony heads will be appeared. Cottony material should
be separated and kept inside a zip-lock plastic bag as it can be used for plant
propagation by its dispersal units included fruits, sterile flowers, silty hairs and
gynophore.

The viability of cattail seeds is temporally, environmentally, ecotypically and/or
genotypically variable. Some reports state that cattail seeds are viable (in the soil) for
more than 3 years (at least they can be stored for that period of time). Viable from
non-viable seeds can be easily differentiated by using a magnifying glass.
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An optional step is seed separation from the cottony mass that improve seed
handling, but it is a time consuming process that involves water immersion, seed
release, decantation seed drying and storing.

Seedbed preparation

Following, seedbed preparation occurs in accordance with UPM expertise, by using
materials like garden trays without holes, cell seed trays and commercial seedbed
substrate or a mixture peat and sand.

The procedure of making a seedbed has the sequent steps:

e Place a seed tray inside a garden tray
o Fill seed tray cells with seedbed substrate. If the number of trays to be filled is
high, it can be used a tray filler. Trays are placed in a row, one after another.
¢ Dig a hole in substrate of each cell where seeds will be placed
¢ Fill each cell hole with cattail fruit/s (sowing)
» by hand (take a tiny pinch of cattail fruits and distributed between tray
cells)
Disadvantage: Irregular sowing, many seeds in the same cell, slow
growth of seedlings.
Advantage: Easier and faster sowing.
» by manual seeder
Advantage: Regular sowing, 1 - 4 seeds by cell maximum and best
growth of seedling.
Disadvantage: A seeder has to be purchased or made.
» by an automatic seeder
e Cover cells with a very thin layer of seedbed substrate to protect future
seedlings
o Fill the garden tray with tap water; let cells substrate get wet

A Manual seeder purchased by GA-UPM is given below in Figure 1.

Figure 1. Commercial seeder used by GA-UPM for cattail propagation.

There is a slight problem with this seeder. Holes are too wide for cattail seeds, so in
each cell fall too much seeds. (Figure 2) A solution to this problem is given by the
manual seeder in Figure 3. Detail of the seeder holes is shown in Figure 4.
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™ Holes are too wide for
cattail seeds

o= C L e—
If cattail seeds are used, too

much seeds fall in each cell
A

What does it mean?

B So, cattail seeds should be coated
to be used in this seeder

. Coating of cattail seeds
were experimented by

Figure 2. Detail of seed holes in the commercial seeder used by GA-UPM for cattalil
propagation.

Figure 3. Manual seeder designed by GA-UPM for cattail sowing to solve the above
mentioned problem.

It was made with aluminum bar
with raised edges (we will see in
practice session)

Figure 4. Detail of seeder holes adapted for cattail seeds.

Cattail seeds germination and growing

There are several factors that strongly influence the rate of germination and
seedlings growth. The most important of them are the quality of seeding material and
the environmental conditions like substrate, water, temperature and light.

In UPM experiments, cattail seeds germination was 90.8% in only 4 days in Petri
dishes with distilled water

- In optimal conditions, germination in trays is recorded in 4-7 days (roughly) = (green
signals are visible in tray cells)

- Cells get ‘green’ (=clearly visible seedlings) in 2-3 weeks
- Plantlets can be transplanted in about 1-2 months from sowing

Full light conditions are better for cattail seeds germination. In addition, germination
rate increases with the temperature. There were no germination when temperatures
are lower than 10°C and optimum broadleaf cattail germination temperatures are 25-
30°C.

To ensure the viability of the plant material, a special test is occurred by incubation of
cattail seeds in Petri dishes with water during 96 hours at 25°C with light. After this
time, cattail seedlings develop 2 — 4 small leaves prior to developing erect leaves. In
a cell tray, several seedlings could grow, so transplanting is required. When cattail
seedlings size is around 20 — 30 cm and the number of leaves are 3 — 5, then it is
time for seedling transplanting.
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Seedling transplanting

Transplanting procedure needs garden trays, cell trays and mix of substrate and
peat. Cell trays must be larger than those used for germination.

Transplanting has the following steps:
= Remove the contents of a sowing cell as a whole (substrate + seedlings)
= Carefully separate each seedling from another to avoid breaking roots
= Place one seedling per cell in the new cell tray

Plantlet growth

65 days after germination, plantlets have acquired the appropriate height of 80 — 110
cm. At this stage, rhizomes are growing and plantlets can be used to form the GFF.

GFF design

The second annex refers to GFF design. GFF uses Typha spp. as floating plants but
normally is amphibious, rooted to the bottom of wetlands. Due to their special
parenchyma, cattails oxygenate the water and reduce water pollution. Additionally,
Typha spp. is tolerant to water contamination and able to reduce water eutrophication
by absorbing N and P. As cattails grow, roots and rhizomes get entangled, forming a
plant mat.

It is the low specific gravity of helophytes that make them float. Specific gravity of
plantlets is lower than water (0.6-0.7 g/cm3 on the whole). These plants are perennial
but have annual growing cycle. Shoots dry off every autumn but rhizomes stay alive
and re-grow every spring.

There is a problem of the establishment of helophytes as floating plants. Gravity
center of young cattails is in the emergent plant parts so they have tendency to
overturn.

Materials

For the GFF design materials such as derivatives of petrol (XPS: extruded
polystyrene, PU: polyurethane, EPE: expanded polyethylene, EPS: expanded
polystyrene), bioplastics (peat pots) (Figure 5Error! Reference source not found.)
and expanded polystyrene sheets (EPSS) (120 cm * 40 cm) (Figure 6) are required.

Figure 5. Peat pots.
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Figure 6. Expanded polystyrene sheet
Other stuff that are required for GFF design are:

e Plastic sheet to work on it

e Plants with adult root system (~ 4 month)

e Plant supports (EPSS)

¢ Joining elements of the sheets (clamps, pins)

e Gripping system

e Anchor system
o cable or rope
o anchor, weights or ballast (to anchor to the bottom)
o landscape pins, staples or stakes (coil springs) (to anchor to

the shore)

e Tools: saw, knives, hammer

e Water boots, fishing waders, work gloves

e Boat, floating platform, floating docks

There are several factors that should be taken into account in GFF design like water
body and surroundings (flow, depth, accessibility and width), plant density and
distribution, site, shape, layout, quantity and system of anchorage in lagoons and
channels.

Installation steps

For GFF installation some steps must be followed to complete successfully this
process. (Figure 7)

1. Place the plastic sheet close to the water’s edge, to leave the material and to work
over it

2. Select and place the gripping and the anchoring system
3. Put the first row of EPSS to the desired width

4. Join the first row of EPSS to a grip system

5. Use joining elements to keep the sheets together

6. Place the plantlets into the EPSS’ holes to the desired density (we recommend 16-
20 plants/m2)

7. Continue joining EPSS until you have the desired length
8. Place other gripping system at the end of the GFF and anchor it




innovative Green Floating Filters in multiple water bodies

Figure 7. Assembling steps.

Biological pests control

Another equally important aspect that must be considered, is the combat of aphids
and mites. Neem extract, quassia amara extract, natural pyrethrins and garlic extract
were used for aphids, and azadiractin for mites. (Figure 8)

Figure 8. Aphids and mites.

GGF harvesting

The third annex corresponds to GFFs harvesting. Once the plants have completed a
life-cycle (March-April to Oct-Nov, in climate conditions of Madrid) they are
harvested. Traditionally harvesting of the biomass has been made for Waste Water
Treatment GFFs & Phytoremediation.

In general, the applications of GFFs concerns water cleaning and not the production
of biomass to be treated. Only the aerial biomass is harvested and removed from the
system and can be valorized as compost, dwellings (walls, roof thatch, floor
coverings, baskets, other handicraft objects, caning chair).

In Biomass C+ project the aim is different. GFFs are intended for bioethanol
production from starch, involved in the rhizomes of the planting.

Towards the achievement of high yield of starch, it should be chosen the best period
of harvesting. Best time for high rhizomes production is the end of autumn (high
starch content) but this time should be carefully chosen because in early harvesting
there is the risk of low starch content and in late harvesting the risk of empty
rhizomes.

Starch has different percentages in plant parts like shoots, rhizomes and roots. The
highest percentage of all is in rhizomes with 40-43 %, then roots with 16-20 % and
shoots with 12-15 %. These numbers can be achieved only in the end of season but
this season depends on temperature, light and nutrient content of the water. Other
factors like pests and diseases can also influence the length of the growth cycle.

Harvesting techniques is a challenge for this project because GFFs have never
harvested before as a whole for energy. Firstly, harvesting must be in such a way
that the removal of biomass from the water body is easy to perform. Secondly,
separating harvest of the aerial and the under-water plant fractions will have better
performance. Finally, assessing the options for making GFFs poly-annual crops
without incurring in additional costs each cycle. As a result of this case, biomass of
GFF will be separated in above water biomass (aerial biomass), that the harvest can
be made with electric/petrol hedge trimmers, and in underwater biomass (roots and
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rhizomes), that the harvest can be made by dragging, whether there is by hand or by
a suitable machine (tractor).

For the aerial biomass, there are various routes of harvesting depending on the
place where the GFF is located (pond, channel), the width, the depth, the water flow,
GFF design and accessibility.

The first option for channels/ponds with depth > 1.3 m, width < 4m and easy access
(no slopes), harvesting (cutting and collection) can be made from the edges. (Figure
9)

Stages Material
1st. biomass cut Petrol hedge trimmer
2nd.biomass collection  Rake

Figure 9. Harvesting from the edges.

The second option for channel/ponds with depth < 1.5 m, width > 4m, easy access
and slow water flow, harvesting can be made from within the channel providing
appropriate health and safety measures. (Figure 10)

Material

Petrol hedge trimmer
Rake

Waterproof garment
Small boat

If the channel / pond is too wide, 2 small boat might be necessary to
transport the harvested biomass to the shore

Figure 10. Harvesting from within the channel.

The third option for channel/ponds with depth > 1.5 m, width > 4m, or/and not easy
access or/and high water flow, harvesting can be made from within the channel on a
small boat or using a system of floating pontoon. (Figure 11)

Material

Petrol hedge trimmer
Rake

Waterproof garment
Pieces of floating pontoon
Small boat

If the channel / pond is too wide, a small boat might be necessary to
transport the cut biomass to the shore
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Figure 11. Harvesting can be made from within the channel on a small boat or using
a system of floating pontoon.

For the case of the aerial cattail biomass harvesting, there is a variety of portable
machineries like petrol and electric hedge trimmers, ordinary rakes and rakes with
long handle suitable for aquatic plant collection in channels and ponds.

If it is needed, floating pontoons (Figure 12) must be used for the biomass
harvesting. Plastic parts can be joined to each other to make the needed platform
(tied to the shore). They are affordable and durable. When the harvesting is finished,
it can be removed easily.

Figure 12. Floating pontoons.

For the under-water biomass, the way of harvesting depends on the system used
for GFFs establishment.

The first option for GFFs that have grown up without EPSS (channels with adjustable
depth and flow), removal operations will be easier than GFFs with EPSS because the
channel or pond can be emptied at the time of harvesting. (Figure 13)

The GFFs under-water biomass
is removed by dragging it with a
tractor or by hand from the shore
or into the channel/pond if it is
empty.

Figure 13. Removal of under-water biomass.

The second option for GFFs that have grown with EPSS (channels with not
adjustable depth and flow), the removal can be made in different ways.

Two ways of EPPS removal are proposed:

- GFFs dismantling in individual EPSS by hand. This method would be used in
smaller channels/ponds.

- GFFs dismantling in groups of several EPSS. It is proposed for large
channels/ponds where the harvest would be made by tractor. (Figure 14)
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Figure 14. Harvesting by tractor.

For both options, a portable saw/trimmer hedge (petrol) that allows to make cuts
under water, would be used. Additionally, do not pull from EPPS to avoid sheet
breaking damage.

The third option of under-water harvesting (Figure 15), is referred to wider
ponds/channels. The method for this case is to remove the underwater biomass by
dragging it with a tractor or by hand from the shore of the pond/channel using a
floating pontoon to support the operation.

Figure 15. Under-water harvesting for wider ponds/channels.

For GFF under-water harvesting, there is a portable machinery like petrol hedge
trimmer (Figure 16.a). Also, for large GFFs, it could be interesting to use self-
propelled machinery (Figure 16.b) specifically developed for cattails with appropriate
modifications (out of the scope of this project).
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(@) (b)

Figure 16. Machineries (a) petrol hedge trimmer, (b) self-propelled machinery.

Once the under-water biomass is removed from the channel/pond, it is placed on the
ground to be processed.

/7

< If the GFFs had grown up without EPSS sheets, the underwater biomass
must be drained on the ground —plastic sheet- before being collected and
chopped.

s If the GFFs had grown with EPSS (single EPPS or group of EPPS), there are
two options:

o Ifthe EPSS is intending to be reused, the under-water biomass should
be cut off right up to the lower side of the sheet, so that biomass can
be separately collected for further processing (chopping, drying).

o If the EPPS would be rejected, the under-water biomass and EPPS
might be chopped together. Subsequently, the biomass might be
separated from the EPPS pieces by density (air blower) or sieving.

Assessing the options to make GFFs poly-annual crops
The following options are proposed to test if GFFs can be poly-annual crops:

1. GFFs grown without EPSS sheets

A fraction of the under-biomass (~20%) can be taken apart in fresh (before chopping)
and return to the channel/pond.

2. GFFs grown with EPSS (single EPSS or groups of EPSS)

After the processing of the under-biomass, EPSS can be returned to channel/pond.
Starch in cattail plant rhizomes

Both rhizomes and roots accumulate a significant amount of starch at the end of the
annual development cycle. For testing if the rhizomes contain starch, just follow the
steps below:

v' Make a transversal cut in a fresh rhizome (Figure 17)

v' Add a few drops of Lugol solution on rhizome section

v If starch is present, dark blue spots appear (Figure 18)
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Figure 18. The same rhizomes section after Lugol test.
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Annexes

Annex 1: Cattail propagation
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Advartage: Beguiee sowing, 34 seods by cef macdream
and bewt yrowth of seediing.
Dbadvantage: A seade han to be purchesed or made.

’
l - AT BOWAGS L EEAS COM G 0000

3 OA
& i

Commacial weadar Loal by GA-LSP for camal ropugat

)
B - PADSLT: GOMASS Cal (T1E COMSAS000M QA

G
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SOWING

Dol Nosad bxie 0 e commarcil wsader Cund by GA
LW fee il propagatice

® - PRCHCT, WOMSASS ol 036 LONMGR D004 Qﬁ::

Manual seeder dasigned by GA-UPM for cstiail sowing
%0 spive the above mentionad probiem.

2 wa: made with
alunisum  bar  with
rened edyes |we il
e in precice sexvion)

Deetail of zaader Hols soapiad for Cattail seecs

R - PROSET BOMASS Cal ETAS COMJSARO00H s, GA

&

VIDEO OF SEEDBEED PREPARATION AND SOWING

clel precaator

Cattail seed germination
How long it will take for cattad seeds to germinate?

- It depends on
g - Musednsm!

- { water,
é temperature, igrt)

Thezs factors strongly infuence the rate of
- in UPM expeniments, cattasil ceeds germingtion was 30.8% in
only 4 cays in Petr dizhes with distiled water.
- In opt ore, germiration in trays is na7
= are vizitie in tray o=l
B e o e D

- Plantiets c2n D2 trancpianted in 2bout £-2 months from sowing
Lot d v

Cattail seed germination

Whot are the best conditions for seed germination?

Full Bght condition: ere Betier for cxttall seeds germinetion. The
rete of gormination i lower when trieys ere claced In the Whade.

The germiation rale Incrases with the
treperetue.

= No germinstion when tenpersives a'e
Wower thas 300C

- Brcodieef oattall
temperetunes ave 2530°C

"
® - PR aonss C s compinonens (W) 14

Cattail seed germination

Bk wry lngenwe o ssmre The
Viablzy of the plae macsrbl e we
w2 aes

We cze 2 zem 1= proct the ol
Seeds  visbiky. Thh ctam &
performad by incuzation of owzsl

" 2eads I Peerl dichas with  water
© | during 96 houm 1 29C wh g

\

L Amar thr teme, tha sz &
\mw-u:nm-m'

arrgaees

Cattall sand gwemicatad 30 X

® - PAOSCT GOMASS Cal (T1E COMSA 000 g'-‘,:
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GROWING CATTAIL SEEDLINGS
Cattail seedings deveiop 2-3 small leaves prior to

g

SEEDLING TRANSPLANTING
Cattaii seacting: sze (35 days after germination)

Fsii 1 s time for seedling transplanting -

] - PROCT: BOMASS Cal EEIS COMASAMNIOH Q':.‘t

SEEDLING TRANSPLANTING
How to transplant cattail seedlings?

Matenal peadac for

1 Gerden treys
2.Cet
3. Mix of substrate + Pest

)

. - PRSI BOMALS oS3 CONGR000044 Q}'A

SEEDLING TRANSPLANTING

Use ca¥ trayz with Jarper ceiz {4-3 x 45 cm cel zze] than thoze
zad %or garminetice

4
), GA

L . PAOCT: BIOAMASS (AL 518 COMPSAMON0M ‘2/"-'

SEEDLING TRANSPLANTING VIDEO

. - POACT ROMMSS (RS COnRaon 82 1

PLANTLET GROWTH

Size of catenil 3 63 days after &

|aveut 20110 em
[eait
4
|Roots 2 20-120m
|Lesves r 70-200om |
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Annex 2: GFF design

|- R

GFF design

Project: BiomessCH et OO/ ER/0000<4
Artion A2

Contents

Tl i ———————
e

Introduction

Bl i
Typho spp. (cattail]

sy BTpkkdam plan meted

0 The temoT of werasd modfec

= famagzar _
& Dot el e SR, .

T e e e g -
IR W GoksE

& Tomrart (o sih LRI

awr mrrE ke rebacion
sbecrriion o ancl £

T

* e ol grew, seory Bl reboeves g
ariaped, Farming e

¢ pedfc prwy of MebptEes b loee Tum
mns| 1007 i’ o e whaow| wiid
ran s gz Fos

o Pere|al plel T IEDLE frTeetg Oyce
Sl oy oF Sy I DI RIS
Erg il e - S G
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[ [ ———

What iz tne prodlem of the estadlshmenat of
nelophytes as floating plants?

Graviy cacere of peang TR [FErety) & the SCMGRE! ST PATE @ ey Aive

Eandiency 12 oveman

Materials

. L
Expanded polystyrene sheets (EPSS)

Farctors to consider in
GFF design

B e
The water bady and its LF‘O\er -+

H- 3
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- B s sm— g 1 - LT TS p— Lo
Piant density and distribution . . -
Size, shape. layout and quantity

- I ‘“|
[ |
i

| l -!‘

L L ' ey

[ I ———
ch 4

It W [

. B ol s i

Systen| of anchorege in lagoons System of anchorege in channels

B e N

W AN
— L TP

-

. B et 3
What do we need? -
[ QS ——— W
W S T kel Eal i - 8 P
B e e [
[PEPArT Srar——— i
- v,
el = W ‘ =

e i v e g e e
i o o rutam. b e s e e
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[ [ ———

o

GFF Inzzallazion in channel:

PAP W

Face the pNTtic et (o0e 35 The W) Sc, 10 e ThA Pt £3d 13 wark
wrE

Salac i SH the O 804 e ackoreg yetem

R T St row o FR4G (16 ther ket wish)

008 the Pz o o 55550 3 Y ysiees

1 [Ciingg AlATs #0850 L Ehh Sl St

s e DRITERY 0 Toa TAL DO 30 30 JRTAD Cenaly [we IIVTeNS L6 00

Saweiod

7. Coutose Siming E95S unedl you bave rhe dedeed et

. Mace cthar gripping tymem ot the secof the GFF ma2 mchert

[

Aszembling steps

P
&
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[ [ E—

Other passdle system

. I i
Biological peztz control
Nawwrz e

(untn wvams et

s e,
e pereehs
ke satoae
sndnan ] -

Bl A

Than¥z for your sttention

o
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PROUELT: BMAASS CHLFELS COM)GR/ DO

| TRAINING COURSE|
acton a2 '

AGROENERGY GROLP LIF88

GFFs Hanesting

Sres e Sy e compieted 3 Becyde (Wart-horl £ OobRon
e Sy

T mdToraily Saremting oF e SOrvAM S Debbr Temos bor Wi
i [rmanreer UiE L ST darion

n Frodianal GFFE

= Thve mis b wrese rartha ckthe blormans

+ Dy Sye Wi blormam i Rarvaed 301 aeTow 2 Ao ths ByEET
» The narinl Sorms o be vakooed a8 compont, dwalingn (waln
‘o tunzh, Moo coverng, Eaibat, cthar tandlenr chjscr, cring
i

I PRRCTET BT ol 55T 10 O SR S A
L=

GFF harvesting

I PR Ue RIDMT, M o PDecald T Skoe T frockamion [P moncA|

= High yhokds ol atarch s soughe
i sy cawn, beal time for high rsdremes prodection b e
end of wstsive (high st contest] bt this fime shoud be
wrehslly choasm becous
# Early harvest = sk of ke darth content.
o Laie byt = e of erestind sideme

! - PR MR T 5 O i T lu

GFFs Harvesting
Starch pask i Gimrent plant fractions of GFR:

Wacaam: ki “End of Wiz
e - Lt

i 2! Lam e pende 50 TATCEELS, iR 382 CUITEEE OO
o the warsas. Crkar faciary [pecy, S mne | o ke rfussce
The A of H ITTWTE oyia

=y iz of R oo B
e wnd S Eoring the g o,

FACURT: BRGNS (ot ST (i AR S0 kA 5
N - @

GFFs harvesting

nthan bxwuw (n thak GFF 4 bren reewmr breem ervmited @ oo whole
jmmrial & webrmernged bomna| lor eoogy

Sa, there are aome chall b et * haryeat
techniguses for this poject

ST Raresting i nwch 8 way Thut the remiovnl of bicram from the
wmtes bty e iy o partorm.

Separts tanvesing of the wadsl s S indsrwmsr shne
o,

Axnatsing tha cpsions for maldeg G poheanmial o wEhos
incurring In sddticeal com anch ocis

] - PO BRAE [l TS LM RN 't.'-l‘

GFFs Harvesting

Inﬂﬁm.ﬁﬁmﬁnumﬂmmm

M bioi g Thé Liman oy b mads wih

AT e ol P Time
Tee fmrvex on b mace &y
Urdsi-war e beamun
Py g TR
[Fozm B Fhiozneas| e e

L] - FROITET: BIRARLE Cal fFT36 DO AR N {5"
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GFFs Harvesting

GFF Anrisl Bomass harvesting

The ummmvww

MMNW loced ahanned’
diey E {por, )

-me
-GFF
- GFF acoeziblity

! . PRTAEUT MOBSALS (ol 5C 36 COMAG R O0E4

GFFs Harvesting
we GFF Aarial bicman darvertiag

ponds, depths 1.3 m, width < 4m, essy acoes:
("”‘°P=l "fg‘sl"”‘s““""ﬂ“‘“

Ji o

l&lﬂv-m
>tim  aod Bloovass collection

! - PROUSCT INMASS Cal ST COMZA 000 \\.5 0
'

GFFs Harvesting
GFF Aarisl Biomats hanvecting

Example
Channel/ponds, depth <L.3 m, width > 4m, eazy access,
slow water fiow: harvesting can e made from within the
aumpwé«gwmmmmmmm

-menm
oo

: ‘:'.':ﬁ‘if

2 B Dl | e s S Wi, & v it g e (i y
Varapn Fom Pk e it X e e !

. FRUAECT. AONALS Sk W66 COMAGR, OO0

\!}

GFFs Harvesting
GFF Aarial bomas: barvesting
Example
Crannsi/ponds, depth > 13 m, wicth > 4m, orfand not
easy accex or/mdhgsmﬂow Mmm
made from within the channel on 3 zmali bost or using 8
mdnmgpam

0w e e B e, 4 AR RO T B iy
BT T Lo s L Tm W O UA
- &7

GFFs Harvesting

Fortabie mochinery for Gendl CottoN DKemass Aarvestng

GFFs Harvesting
Commeroal tools for coltal Genal tiomass barvesing
Rakes to colect cartall iomass

v

m—vimugmuemue
for aguatic plant colection in

L 3657 oy Handle
a
g

mmwm N OA
o A W
l. =OR e 55 CalFFAS COMZZR 000 5
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GFFs Harvesting

Commercal piastic flocting pondoan for cottord tiomass
Marvesting

Piastic parts can be joinec to each other o make the needed
pistform {ted to the shore} They ame sffcrdabie and durable.
‘When the harvect iz finiched, & can be removed eacily.

j - PETAIEY ROMASS (RTS8 SR 00 \\‘}"'

Removal of under-water biomass from channel/pond

The way of harvezting the under-water Siomaz depends on
the system used for GFFs estabfzhment
Cxample T
@Fs hus grown op withoot E755 {channels with edjstable degth and
fow), remeved cperations will be caver than (Ffx with €755 fthe
channel/pond cam be emptied &t the Ume of harveating]

chantelfpons ¥k & ampty .
[} . PROSCT BOMASS CalISESS COMPSAMON06

Removal of under-water biomass from channed/pond

Exampie 2
GF¥z has rown with €758 [chasnehs with oot edhutalle depth and
flow). The removal ces ba made In difierent wapns.

B - PRNMECT: MOMASS CL A COMUAGS00004 \\} \

Removal of under-water biomass from channel/pond

Cont. BXample 2

Two ways of EPPS remowal are proposed:

- GFFsdizmenting inindividual EPSS by hand. Thiz method
Muminmnerm&fp:'nc.

- GFFs dsmantiing in grouns of zevera! EPSS. It iz proposed
for large channets [ ponds where the harvest would be
mace Dy tractor.

mpo notice for both op
* A portable zswitimmer hecge (petrofl that aBows to
meke 045 URceT Water would be used.

* Do ot puil from EPPS to avoid sheet bresking damage.

Under-water biomass harvesting of GFF: {1 year)

Domple 3

r wider ponds/channeh, ancther way & 10 remove the under.
water bisemasa By drmgring R with & trector o by hand from
the shore of the pond jthansel wing & fosting pontoon to
wppect the operetion

A

L} . SR BONIAES CRFE26 MR D0 0

- ~ These petrdd hedige tinmen can work under-
Soarce Wesdam Digeer welsr
] - PRASCT. SroaASS Ca S8 COPBR0M (V!

]
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For lage GFFe, 0 could te
Etemaing 1o e W oropind
machiney peciioly  desoped
4r onNs  wE  approprine
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GFFs Harvesting

Crampier of Sal-progeded '.:::'nu,hr cormil Sovam hanery

2 . CROMECT MOMALS Cot O35 COMAGR/00EA \\(p‘

Trestment of under-water biconass after removal

CGoco the under-water botwns b ramoved Som the
charmel/zond, It b pleced cn the ground 1o be procmsed

GHEs POWN 35 wEhoR 755 e
The andervater Somant it 20nad of the 2Te0d ~PROC it St
g > e 36 R

GIFL grown with EP5S Julngle SPFS o powg of £5%5]
[P apticen)

11 2h 555 Bt Irtancing 15 b receas, e Lndar-antes B st choulkt e
AE O FPE U3 10 198 Dwer Uide of the theee, 1O 1hat Bamae < De
gty colinctad far uhar orosing |hopping, Svingd

10 £33 would be miected, The Lrdaraater bicrumm 30d TP might

b CNICOAS TORRTY . GDUAGUIEY. the oTals it be ADMAd
fram tha (P55 piacec Dy depaly (air blonwer] o deving.

.| - PRONCT: GOMASS CaLFTIS COMERM000M A4 14

Aszeszing the options to maks GFF: poly-annual ops
The foliowing options are oroposed totest it

LT oW withos (55 cuee
A fraction of the under-Diomass (220%] can De taken apart in
fresh [before chopping] anc retum to the channel/pond.

Under-water biomasz harvesting of GFF

Starch in cattail plant rhizomes

Az i Dath rhi and roats 3
sguﬁmmdmammdmm
development cycie

But

How to check if rhizomes contain starch?

]rPerforming thiz quick, easy and cheap test

A - PROKCT ROMASS CALISEA CORRAANOM 4y o
"

Under-water biomass harvesting of GFF
Starch Text
Matenal: mmmcmm

of Lol
Snpq'om\ sh 208
!

c_s' } WOt U0

Methocokozy:
- Make 3 transversal ast in Dmm
'Mﬂ!hmdwm rhizome zection

- If Rarch is present, cark Hue Zpots appear

! . FROMUT MOMATS CwlF 35 COMAR, D00 \0& o

Under-water biomass harvesting of GFF

Lo Foah oo taction] U The Gre M AT DI ERAC Lol teet

The dark blus cllor dhown 3 Ngh BaCh otent ¥ the comes [aumer 200 of the rhbocee

! - PROECT: SOMASE Cal 145 COMISABOIOM u'




Figure 19. Participants in the Workshop on the practices and methodologies for GFF
system

Figure 20. Training course: Lecture on Plant propagation, given by P.L. Aguado.
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Figure 21. Training course: Germination tests

Figure 22. Training course: Lecture on GFF design, given by M.l. Martin Girela..
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Figure 23. Training course: Lecture on GFF Harvesting, given by P.L. Aguado..

Figure 24. Training in practice: Seedbed preparation.
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Figure 25. Training in practice: Cattail sowing.

Figure 26. Training in practice: Cattail seeds under a binocular microscope (10 x).
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Figure 28. Training in practice: Sheet assembling.
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Figure 29. Training in practice: Plant establishment in polystyrene sheets.

(s, GA

Figure 30. Training in practice: Cattail plants grown in polystyrene sheets.
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Figure 31. Training in practice: Under-water biomass harvesting.

Figure 32. Training in practice: Harvest.



