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

LIFE Biomass C+ ,

LOW COST, CARBON POSITIVE BIOETHANOL
PRODUCTION WITH INNOVATIVE GREEN FLOATING
FILTERS IN MULTIPLE WATER BODIES

LIFE 16 CCM/GR/000044
LIFE BIOMASS C+

ACTION (A1 Design of GFF and production strategy)
DELIVERABLE (Al Report on the design of GFF)

COPYRIGHT: LIFE 16 CCM/GR/000044-BIOMASS C+




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

DOCUMENT INFO

Responsible Beneficiary: UPM

Contributing Beneficiaries: CERTH, COMRA, UPM, VOLTERRA
Review CERTH

Version: Final

Total number of pages: 53




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

Table of contents

N €151 Vo S 4
TN A oo 11 Ko § Fo o ISR 5
1. Criteria for decision making for GFF............ouiiiiiiiii e, 7
2. Baseline CharaCterization .........c.oooiiiiiiiiiiie e 9
2.0 SPAIN < 9
2.1.1. Area characterization-SPaiN ............ceeviiiiiiiiiiiiiiiiiiiieeeeeeee e 9
2.1.2. Resource inVENIOrY SPaiN .......ccciieeeiiiiiiiiies et e e 13
2.1.3. Main crops in farms associated to COMRA, with storing irrigation water
L0 L] £SO 15
2.1.4. Water SAMPIING ...coovvviiiiiiiiiiiiiiieeeeeeee et 17
A €1 (T of U UPPPPP RPN 20
2.2.1. Area characterization-GrEECE..........cuuvuiiiiiiiiiiiiiiiiiiieiiieeeeeeeeeee e 20
2.2.2. RESOUICE INVENIONY- GIEECE .. ..t e e eeiieeiiiiee e e et s e e e e e e e 28
2.2.3. Water sampling-GrECE.........ccuvviiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeee e 34
2.2.4. Measurement of channel’s dimensions..............ccccccccuviiiiiiiiiiiiiiiiennnnnn,. 36
T €] 0 [T (o | o PP 38
3.1. Basic Design of Green Floating Filters (GFF).......ccoooviiieiiiiiiiiiiiee, 38
3. 1.1, GFF @SSEMDIY ...ttt 42
3.1.2 EPSS aSSeMDIING SIEPS ....uvvvviiiiiiiiiiiiiiiiiiiiiiiiiiiiiibbiieiiiibbeeeeeeeeeeeeeeeeeeeeeee 43
3.2 Specific recommendations for demo sites GFFS ...........ccoovvviviiiennnnnn. 44
3.2.1..Irrigation channel of Cheimaditida (Greece) .......ccceeveeeeiiiiiiiiiiiiieeeeeeiinns 44
3.2.2. Ponds and storing irrigation water pools at El Arenal (Avila, Spain)........ 45
3.3, GrOWEN PEIIOM ... 46
L4 HAIVESTHING ..o 48
A, GFF Planning oo s 50
CoNCIUSIONS coviiiiiic e Error! Bookmark not defined.
References/Bibliograpny ... ... 52




LIFE Biomass C+ LIFE BIOMASS C+ Low-cost, carbon positive bioethanol production with

innovative Green Floating Filters in multiple water bodies

Abstract

The framework of this document is the Preparatory Action Al of the Life Biomass C+
Project. According to the Technical Description of the Project (Part C, Lifel6
CCM/GR/000044) the Preparatory Action Al is participated by 4 partners: CERTH,
COMRA, UPM, VOLTERRA and it involves one Milestone: ‘Base line characterization
protocol’ (M-A1) and one Deliverable: ‘Report on the design of GFF’ (Del-Al), both of
them to be delivered by UPM.

The Milestone assigned to the Preparatory Action Al was accomplished in its first step
on 23" October 2017, when UPM sent to the Coordinator their proposal of Protocol for
a Baseline Characterization. The contents of that document were accepted in the
course of the 2" Steering Technical Committee of the Project (4-5 December 2017)

as technical guidelines for the characterization of the demo sites in the Project.

The present document represents Deliverable A1: ‘Report on the design of GFF’, in
compliance with the provisions for Action AL. In line with the title of D-A1, this document

has been organized into the following sections:

1. Introduction to GFF

Criteria of decision making on GFF

Baseline characterization of GFF sites proposed in the Project
Design of GFF

GFF planning

a > w N

It is worth mentioning that another Deliverable of the Preliminary Actions of the Project,
Deliverable from Action A2 (Del-A2) ‘Training course material’ was delivered on 19
December 2017 by UPM. Throughout the text, references are made to Del-A2 since
the main object of the training course (not the objective), was the same: the GFF

design.

Key Words: green floating filter, decision making system, baseline characterization
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The acronym GFF is an abbreviation of the phrase ‘Green Floating Filter’, an aquatic
plant system for water treatment based on the artificial cultivation of helophytes, as if
they were floating plants; occasionally, these systems can also be used for ornamental

purposes.

Literature on constructed (or artificial) wetlands and aquatic plant systems for waste
water treatment (WWT) is extensive (see, for instance EPA, 1988 & 1999, Vymazal et
al., 1998). Thus, constructed wetlands have been promoted in small agglomerations
(<1000 equivalent inhabitants) and rural areas since long time ago (Perera & Baudot,
2001). Although the overall objective of constructed wetlands (CW) and aquatic plant
systems (AQ) is the same (WWT), they are significant differences between them;
aguatic plant systems do not rely on a substrate bed (gravel bed, in CW), they are
based on floating plant species (ground-rooted plants, in CW) and provide more
friendly sight than CW (specially, in case of subsurface flow CW). Artificial aquatic
plant systems have been used for water treatment for more than thirty years; they have
been described as shallow ponds with floating or submerged aquatic plants that
provide surfaces on which decomposing bacteria grow and media for filtration and
adsorption of solids, and transfer gases to and from the submerged parts of the plant

and uptake nutrients from water.

Helophytes, also known as ‘emergent plants’, are a type of aquatic plant species in the
Magnoliophyta Division that, in nature are rooted to the ground while they have
emerging shoots (leaves and stems) which means that a large fraction of their body
emerges above the water. They exhibit interesting morphological and physiological
adaptations to aquatic environments, such as a special parenchyma (aerenchyme)
with large intercellular spaces filled with air and downwards oxygenation activity that
helps to improve water quality. Helophytes are perennial plants with an annual
development cycle that extends from spring to autumn in temperate climates. Shoots
die off every autumn but the below-water plant parts remain alive; they have rhizomes

rich in storage carbohydrates as perennating organs that enable spring re-growth.

Among the different species of helophytes, cattails stand out for their high biomass
production potential; it can be said that they make the best use, in productivity terms,
of the three growth medium components: soil and sediments (anchorage, nutrition),
water (nutrition, biofilm surface) and air (gas exchange, photosynthesis, oxygen
release). Due to that, in some aquatic environments of the World they can behave as

invasive plants and have to be periodically removed to get rid of them. Literature data
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show that it is possible to take advantage of cattails growth for a number of applications

when they are grown in a controlled way.

The common name ‘cattail’ refers to botanical species in the genus Typha (Family:
Typhaceae, Class: Liliopsida). In nature, they grow in colonies next the banks of water
bodies (lakes, ponds, and swamps), channels and slow-moving rivers. Typically they
grow in a range of 30-80 cm water depth. A summary of the botanical description of
Typha spp. is next. Habit.- Perennial herbs, with erect shoots, 1.5->3 m high. Leaves.-
Very long leaves, plano-convex proximally to thinly plane distally. Stems.- Flowering
stems with two separate inflorescences at the upper end, a brown pistillate
inflorescence followed by a staminate inflorescence with earlier maturity. Root
system.- Abundant thin roots and horizontal, unbranched rhizomes, about 70 cm long,
thick starchy, firm, scaly. The widest spread species in Spain are T.latifolia and
T.domingensis, being the latter more tolerant to water contamination than the former
(Cirujano, 2007; Cook, 1980).

Traditional and well-known applications of cattails are: roof thatching, handcrafted
chairs, green forage (emergent plant parts), phytoremediation (metal accumulators),
constructed wetlands (surface and subsurface flow wetlands, also named FWS &
VSB), and gardening (ornamental ponds). Recently cattails have been proposed for
aguatic treatment systems in which they have to be artificially grown like floating plants,

and bioenergy, taking advantage of its high growth rate and biomass characteristics.

The Life Biomass C+ gathers innovative concepts in cattails valorization: awareness
of own biological resources (moving to a balanced perception of Typha spp., which
can be a resource in some circumstances while in others can behave as a weed);
seasonal crop (instead of perennial); controlled cultivation in eutrophic/polluted water
bodies (instead of natural water bodies); integral use of biomass (above-water and
under-water biomass, instead of only above-water biomass); bioenergy applications
(solid and liquid biofuels) and biobased products; biomass production not dependent
of agricultural land (LUC avoidance); biological ‘device’ for water quality improvement

and CO; capture (C accumulation in biomass).
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In this section, criteria for considering that a site could be suitable for GFF deployment
are presented, withstanding that criteria are site-specific, i.e., each region or site
should apply ad hoc criteria.

Special care should be taken to protect the environment and be respectful of natural
areas so that the installation of GFF does not entail environmental impact costs. As a
general rule, GFF should not be installed in natural areas; GFF is meant to be an
artificial or constructed system for water quality improvement. Furthermore, the target
site should be first surveyed for the presence of Typha in order to prevent introduction

of allochthonous species.

In addition, due to the fact that GFF is a biological system, the environmental
conditions (climate, water quality) should be characterized to determine if they are
suitable for Typha growth. Plants require nutrients to grow, which is the basis of using
GFF for water improvement. In terms of macronutrients, well-fed mature cattail shoots
contain about 1.1-1.3% N, 0.15-0.36% P (equivalent to 2.6-0.82% P205) and 1.42-
2.84% K (1.71-3.43 K20); obviously, if cattails are grown as floaters, macronutrients
must come from water. In case of high water quality, cattails are not expected to grow
properly. Although there are differences between Typha species, the range of pH
tolerated by cattails is approximately 3-8.5, the range of temperatures for plant growth,
6-30°C (FAO 1993-2007).

In order to make a decision, the target area should be characterized for natural spaces,
land use, climate, water resources, and water quality. Additionally, there are
complementary data, such as agriculture and socio-economics in the site that can be
useful to understand the social effects of GFF. Once GFF is established, their

performance and environmental effects are recommended to be monitored.

Therefore, a baseline study is highly recommended that gathers data of the target site

on the following aspects:
Characterization of the area:

» Geographic situation: country, region, coordinates (latitude, longitude), altitude,

topography.

* Hydrology and water resources: river basin, rivers/streams




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

* Climate: bioclimatic classification or Koppen climate category; means of
temperature, rainfall, solar radiation (according to historical series of the closest

meteorological station).

* Land use: land area (at the closest scale, e.g., municipality of county level),

agricultural land, arable land, forest area, permanent cropland.

+ Biodiversity-Ecosystems: natural protected areas, Natura 2000, categories

(national park, LIC, ZEPA, etc); if any, give a brief description; vegetation, fauna.

» Agriculture: main crops, orchards, yields, current management practices,
irrigation/dry crops data; if available for the area under study, provide data on agro-

environmental indicators

* Socio-economic data: population density, age pyramid, rural population,

occupation, unemployment, rent, social and economic indicators, industries, etc.

Resource inventory (at the water body scale):
+ Description of the water body: size, volume, flow

» Characteristics of the water: pH, electrical conductivity (EC), biological oxygen
demand (BOD), chemical oxygen demand (COD), nitrogen content (N species),

phosphorus content (P), potassium content (K).

» Fauna and flora species in and around the water body: species, richness of species,

threatened species, abundance.
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2. Baseline Characterization

According to the Technical Description of the Project (Part C, Lifel6 CCM/GR/000044,
Action C1), there will be two GFF demo sites in the framework of this Project; GFFs
will be installed in Greece by CERTH, and in Spain by COMRA with the collaboration

of UPM and VOLTERRA.

Baseline studies of the demo sites, including Area Characterization, Resource

Inventory, Evapotranspiration and Water Sampling are given next.

2

.1 Spain

2.1.1. Area characterization-Spain

Characteristics

gy and water

Y

Climate

Land uses

Biodiversity-Ecosystems

Data
country Spain
region Comunidad Autonéma de Castillay Leén
coordinates 4123'00"N, 4227'00"0
altitude (m) 510-888
The current topography of the study area is
the result of geological and tecnonical
phenomena. The study areais in the southern
slope of the Sierra of Gredos, which belong to
topography the Central System.

river basin

Tietar river basin (4459km?) which is Tajo river
basin (80.600 km?)

scale of data

closest Sierra of Gredos

closest Sierrra of
Gredos

Source

Instituto Geografico Nacional

Instituto Geografico Nacional

Data Year

2017

199

rivers/ streams

El Arenal stream, tributary of the Tietar River

El Arenal stream

Koppen climate category

constitutes the main source of surface water
for ponds and pieces of water used
lowest altitude: 380 m
highest altitude: 1600 m
depth:0,3-3m
length 0173 m

Csb (mild winter & dry summer)

(°c) 115
rainfall (mm) 1375
average solar radiation (kwh/m2/day) 4.65

total land area (km?) 245 km2
urban construction 1.05
Arable land 163
crops 12.55
Pastures 235
Heterogeneus agricult. Areas 37.33
Forests 78.76
Scrub & herb. veget. Assoc. 95.81
Open spaces with no vegetation 15.44

El Arenal

El Arenal

El Arenal

Instituto Geografico Nacional

AEMET & MAGRAMA

Corine Database

1996

Temperatura & Rainfall
(1950-2009) Radiation
(1983-2005)

1996

Natura 2000
| t Si f
) ) ES0000184 ZEPA/ ES4110115 LIC Valle del Tietar| 0 ocor > o2 € Order 57/2015, september 10th
Special Protection Areas Gredos 2000
(Directive 79/409/EC) "
closest Sierrra of
ES4110002 ZEPA/LIC Parque Regional Gredos Gredos Order 57/2015, september 10th 2010
Special Areas of Conservation i
Gredos Park, Natural Protected Area in Castilla Law 3/1996, june 20th 19%6
Aconitum napellus L.
Agrostis trunculata Parl.
Allium schoenoprasum L.
Andryala aeranaria (DC.) Boiss. & Reuter
Aquilegia vulgaris L.
Artemisia campestris L.
Asplenium trichomanes L. . .
. Floray vegetacion del macizo
Astragalus incanus L. closest to the N N
q q . B oriental de la Sierra de Gredos
flora (vegetation species) Ballota nigra L. Municipality of El 1996

Betula pubescens Ehrh.
Biscutellaintermedia Malagarriga
Bromus hordeaceus L.

Bromus cretica subsp. Dioica (Jacq.) Turin
Carex paniculata Lam.

Centaureaalba L.

Centaurea rivularis Brot.

Cerastium arevense L.

Arenal

(Avila). Sanchez Mata D., Dip. Prov.
Avila. 440 pp.1985
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Biodiversity-Ecosystems

flora (vegetation species)

Cistus ladanifer L.

Cistus laurifolius L.

Crepis vesicaria L.

Dactilys hispanica Roth
Digitalis purpurea L.

Epilobium tetragonum L.
Foeniculum vulgare Miller
Genista cinerascens Lange
Halimium umbellatum (L.) Spach
Helichrysum italicum (Roth) G. Don
Hordeum murinum L.

Jasione laevis Lam

Juniperus communis L.

Lactuca stoaechas L.
Leontodon hispidus L.
Lepidium campestre L.
Melissa officinalis L.

Olea europaea L. var. Sylvestris
Ononis repens L.

Orchis morio L.

Origanum vulgare L.

Paeonia officinalis L.

Pinus sylvestris L.

Plantago radicata Hoffmanns & Links
PoaalpinaL.

Quercus faginea Lam.

Quercus pyrenaica Wild.
Ranunculus bulbosus L.
Retama sphaerocapra (L.) Boiss
Salix atrocinerea Brot.

Sedum amplexicaule DC
Senecio pyrenaicus L.

Silene cilliata Pourret

Sinapis alba L.

Sonchus asper (L.) Hill
Sparganium erectum L.
Thymus mastichina

Typha latifolia L.

Trifolium repens L.

Verbascum thapsus L.

Vicia sativa L.

Viola canina L.

Viola palustris L.

Viscum album L.

Vitis vinifera L.

Xanthium strumarium L.

closest to the
Municipality of El
Arenal

Floray vegetacion del macizo
oriental de la Sierra de Gredos

(Avila). Sanchez Mata D., Dip. Prov.

Avila. 440 pp.1985

1996

fauna

birds

Sterna hirundo
Recurvirostra avosetta
Porzana pusilla

Falco columbarius
Pandion haliaetus
Platalea leucorodia
Egretta garzetta
Nycticorax nycticorax
Grus grus

Ciconia nigra
Luscinia svecica
Pluvialis apricaria

Sterna albifrons

closest to the
Municipality of El
Arenal

Specific Management Plan for the
ZEPA ES0000184 Site

2000
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birds

Himantopus himantopus
Hieraaetus pennatus
Aquila heliaca adalberti
Milvus milvus

Milvus migrans

Elanus caeruleus
Pernis apivorus

Ciconia ciconia

Alcedo atthis
Calandrella brachydactyla
Aquila chrysaetos
Circus pygargus
Circaetus gallicus
Aegypius monachus
Emberiza hortulana
Pyrrhocorax pyrrhocorax
Sylvia undata
Oenanthe leucura
Anthus campestris
Burhinus oedicnemus
Galerida theklae
Charadrius morinellus
Coracias garrulus
Caprimulgus europaeus
Asio flammeus

Bubo bubo

Chlidonias niger
Gelochelidon nilotica
Tringa glareola
Philomachus pugnax
Falco peregrinus
Lullula arborea

closest to the
Municipality of El
Arenal

Specific Management Plan for the
ZEPA ES0000184 Site

2000

mammals

Lutra lutra

Microtus cabrerae
Miniopterus schreibersi
Myotis emarginatus
Rhinolophus euryale
Rhinolophus ferrum-equinum
Rhinolophus hipposideros
Lynx pardinus

Galemys pyrenaicus
Myotis blythii

Myotis myotis

closest to the
Municipality of El
Arenal

Specific Management Plan for the
ZEPA ES0000184 Site

2000

Amphibians

Salamanridae
Triturus vulgaris
Bufonidae

Bufo viridis
Bufo bufo
Hylidae

Hyla arbérea
Pelobatidae
Pelobates syriacus
Ranidae

Rana dalmatina
Rana ridibunda

closest to the
Municipality of El
Arenal

Specific Management Plan for the
ZEPA ES0000184 Site

2000
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reptiles
Discoglossus galganoi CID_S?“ t.o the Specific Management Plan for the
B ) Municipality of El ) 2000
Emys orbicularis Arenal ZEPA ES0000184 Site
Lacerta monticola
fishes
; B closest to the o
Rutilus alburnoides Municipality of El Specific Management Plan for the 2000
Rutilus lemmingii Arenal ZEPA ES0000184 Site
Chondrostoma polylepis
lopericbiates - closest to the
Euphydryas aurinia Municipality of EIl  [Management Plan for the ZEPA ES0000 2000
Lucanus cervus
Arenal
Cerambyx cerdo
& oat 62.00
; cereal crops 211.00
E forage crops 77.00 closest to the Comarcas Agrarias. Tomo 8 Avila.
g maize 115.00 Municipality of El MAGRAMA. Madrid 2014. ISBN: 978- 2014
3 fruit trees 212.00 Arenal 84-491-1354-3
£ vineyards 11.00
< olive tree 721.00
998
land area (km?) 24.70
density 36.85
age pyramid
0-9 59
10-19 78
s 20-29 93
§ 30-39 98 Province of Avila Junta de Castilla & Leon 2011
E 40-49 143
s 50-59 122
g 60-69 145
o 69+ 260
§ rural 998
active 479
inactive 519
social indicators
ageing index 191.19 Province of Avila Instituto Nacional de Estadistica 2017
age ratio (%) 62.60 Province of Avila Instituto Nacional de Estadistica 2017
replacement ratio (%) 52.30 Province of Avila Instituto Nacional de Estadistica 2017

12
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Characteristics Data scale of data Source Data Year
Ponds and Natural pieces of
A 50 to 690 m? Arenal Zone . P October 2017
size water in El Arenal zone
Ponds and Natural pieces of
45 to 800 m* Arenal Zone ) P October 2017
volume water in El Arenal zone
Ponds and Natural pieces of
<0,01m?/s Arenal Zone ) P October 2017
P flow water in El Arenal zone
£
°
= P P
2 january 11.2
z February 16.2
s March 29.9
k]
H April 50.1
= May 83.6 c o -
= aracterizacion agroclimatica de
5 June 118.5 Nearest ponds in the Arenal zone X _g P 1990
o la provincia de Avila
o July 151.3
August 133.8
ptemb 93.7
October 53.3
November 21.1
December 10.3

vegetation

flora

s 6.1-7.6
8 47-194
=] .

2 g BOD ip-26
g3 cop ip-35
o

_::‘G = nitrogen (mg/L) ip-24
o phosphorus (mg/L) ip-2.6

Acacia dealbata Link.
Actinidia chinensis Planch.
Allium porrum L.
Amaranthus spp.

Arbutus unedo L.

Avena sterilis L.

Bergenia cordifolia Sternb.
Brassica oleracea L.
Capsicum annuum L.
Carduus spp.

Carex paniculata L.

Castanea sativa Mill.
Chenopodium spp.
Chondrillajuncea L.

Citrus limon (L.) Osbeck
Conyza canadensis (L.) Cronquist
Crataegus monogyna Jacq.
Cucurbita maxima Lam.
Cytissus spp.

Dactylis glomerata L.

Daphne gnidium L.

Datura stramonium L.
Digitaria sanguinalis (L.) Scop.
Dittrichia viscosa (L.) Greuter
Epilobium hirsutum L.
Eriobotria japonica (Thunb.) Lindl.
Festuca spp.

Ficus carica L.

Foeniculum vulgare Mill.
Hibiscus syriacus L.

Juglans regia L.

Nearest ponds in the Arenal zone

Nearest ponds in the Arenal zone

Visit to the Arenal zone

Visit to the Arenal zone

December 2017

October 2017
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flora

vegetation

Juncus spp.

Lactuca serriola L.

Lemna minor L.

Lycopersicum esculentum Mill.
Lytrhum salicaria L.

Malus communis Desf.
Mentha suaveolens Ehrh
Nerium oleander L.

Olea europaea L.

Paspalum Paniculatum L.
Phaseolus vulgaris L.

Pinus pinaster Aiton
Polygonum persicaria L.
Prunus avium (L.) L.

Prunus persica (L.) Batsch
Pteridium aquilinum (L.) Kuhn
Punica granatum L.

Pyrus communis L.

Quercus pyrenaica Willd.

Rosa spp.

Rubus ulmifolius Schott
Rumex conglomeratus Murray
Salix spp.

Solanum nigrum L.

Solanum nigrum L.
Trachycarpus fortunei (Hook.) H. Wend
Tribulus terrestris L.

Trifolium spp.

Typha latifolia L.

Urtica dioica L.

Verbascum spp.

Viburnum tinus L.

Vitis vinifera L.

Nearest ponds in the Arenal zone

Visit to the Arenal zone

October 2017

phytoplakton

Cyanophyceae

Lyngbya spp.
Nodularia spp.

Samples of water from ponds in
the Arenal zone

laboratory

December 2017

Chlorophyceae

Haematococcus spp.
Chlamydomonas spp.
Chlorococcum spp.
Ankistrodesmus falcatus (Corda)
Chlorella spp.

Eudorina spp.

Volvox spp.

Samples of water from ponds in
the Arenal zone

laboratory

December 2017

Euglenophyceae

Euglena spp.
Phacus curvicauda Svirenko
Bodo spp.

Samples of water from ponds in
the Arenal zone

laboratory

December 2017

Trebouxiophyceae

Scenedesmus quadricauda (Turp)

Samples of water from ponds in
the Arenal zone

laboratory

December 2017

Bacillariophyceae

Surirella ovalis Brebisson

Surirella oblonga Ehrenberg
Diploneis elliptica (Kuizting) Cleve
Tabellaria fenestrata (Lyngbye) Kiitzin,
Sinedra spp.

Cymbella spp.

Navicula spp.

Samples of water from ponds in
the Arenal zone

laboratory

December 2017

Zignematophyceae

Cosmarium panamense Prescott
Hyalotheca spp.

Samples of water from ponds in
the Arenal zone

laboratory

December 2017

Imbricatea

Euglypha spp.

Samples of water from ponds in
the Arenal zone

laboratory

December 2017

Raphidophyceae

Gonyostomun semen (Ehr.)

Samples of water from ponds in
the Arenal zone

laboratory

December 2017
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2.1.3. Main crops in farms associated to COMRA, with storing irrigation water
pools

Figure 2: Cultivation of cherry trees
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Figure 4: Chestnuts
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2.1.4. Water sampling

Non-protected areas (not in the Natura 2000 network) have been surveyed for GFF by

COMRA with the collaboration of UPM. Sampling points are shown in Figure 6 and

Figure 7. Samples have been sent to UPM for water analysis.

GFF will be installed in water bodies that contain more plant nutrients, next March-

April. Variation of water characteristics will be studied along the period of growth.

El Arenal

(Avila

91,000 Kilometers
)

Figure 6: Sampled water bodies (in red) in the surroundings of “El Arenal” (near

Arenas de San Pedro)




LIFE Biomass C+

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

Figure 8: Storing irrigation water pool already sampled in El Arenal. Size: 11.8x6.8m.
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Figure 9: Pond in El Arenal, in which a stand of Typha latifolia is growing. Water
already sampled. Water body with irregular shape, varying with the seasons; about
12 m of length in autumn.
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2.2 Greece

2.2.1. Area characterization-Greece

Data
Characteristics Data scale of data Year
country Greece
region Western Macedonia
coordinates 21-34°05”longitude, 40-35°45”[atitude
altitude (m) 600-1900
The current topography of the study
area is the result of geological and
tecnonical phenomena. Mountaineous closest scale Cheimaditida 2016

areas include: lake
- North: Voras mountain (2542m)

- East: Vermio (2052m)

- Northwest: Vitsi (2128m)

- W-SW: Askio (2111m)

Between these mountains, the land
area is occupied by lowland and
wetlands.

Geographic situation

topography

Chemaditida river basin (34.7km?)
river basin which is included in water catchment of
Ptolemaida (2.133km?)

closest scale Cheimaditida-
Zazari site

Hydrology
and water
resources

rivers/ streams




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

Lan

Climate

uses

latitude: 40°35’45”
longitude 21°34°05”
area: 9.5km?

closest scale Cheimaditida

Cheimaditida Lake lowest altitude: 593m lake 1996
highest altitude: 1878m
depth: 1- 2.5m
latitude : 40° 38'
longitude: 21° 32'
. 2
Zazari Lake SQE?H_Zf_rgm closest scale of Zazari Lake 1996
average altitude: 602m
constitutes the main source of surface closest scale Cheimaditida-
Sklithro stream water for lakes Zazari and Zazar site
Cheimaditida
Koppen climate category Csb (mild winter & dry summer)
temperature (°C) 11.9 closest scale Cheimaditida- 1959-
rainfall (mm) 519.3 Zazari site 2006
solar radiation n.a
total land area (km?) 4,092.38
urban construction 24.11 closest s;ale C_he_lmadltlda- 1996
Non-irrigated agricultural 142,05 azari site

land

21




Biodiversity-Ecosystems

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

irrigated agricultural land 843.42
Broadleaved forest area 360.06
natural pastures 415.09
Sclerophyll vegetation 724.89
Swamp 965.57
ponds 322.63

Natura 2000

Special Protection Areas
(Directive 79/409/EC)

Petron Lake
Cheimaditida & Zazari Lakes
Voras mountain

Municipality of Amyntaio

2010

Special Areas of
Conservation

Vegoritida & Petron Lakes
Cheimaditida & Zazari Lakes
Vernon mountain (Vitsi peak)

Municipality of Amyntaio

2011

flora (vegetation species)

Alnus glutinosa (alder)

Dianthus Gracilis

Carlina corymbosa

Cirsium Candelabrum

Echinops microcephalus

Onopordum tauricum

Ptilostemon afer

Salvia aethiopis

Salvia ringens

Nymphaea alba

Cyclamen hederifolium

Primula veris

closest scale Cheimaditida
lake

1996
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Primula vulgaris ssp. Vulgaris (CITES
1982)

Primula vulgaris ssp. Sibthorpii

Samolus valerantii

Rannunculus marginactus

Cladium mariscus

Phleum graecum

Colchicum bivonae

Limodorum abortivum

Orchis laxiflora

Cetarach officinarum

fauna

birds

Aythya nyroca (protected species)

Falco naumanni (protected species)

Pelecanus crispus (protected species)

Cygnus olor

Rallus aquaticus

Gallinula chloropus

Cettia cetti

Acrocephalus scirpaceus

Acrocephalus arundinaceus

Panurus
biarmicus

Phalacrocorax carbo

Nycticorax nycticorax

Streptopelia
turtur

closest scale Cheimaditida-
Zazari site

1996
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Upupa epops

Parus
Spp

Remiz pendulinus

Turdus merula

Aquila pomarina

Fringilla coelebs

Luscinia megarhynchos

Troglodytes
troglodytes

Sylvia spp.

Merops apiaster

Buteo buteo

Falco tinnunculus

Picus
viridis

Dendrocopos syriacus

Dendrocopos minor

Coradas garrulus

Aquila chrysaetos

Neophron percnopterus

Glareola pratincola

Triturus vulgaris

Zazari site

mammals Citellus citellus | le Cheimaditid
Felis silvestris closest scale C eimaditida- 1996
Zazatri site
Lutra lutra
Amphibians Salamanridae closest scale Cheimaditida- 1996
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Agriculture-main crops

(ha)

Bufonidae

Bufo viridis

Bufo bufo

Hylidae

Hyla arborea

Pelobatidae

Pelobates syriacus

Ranidae

Rana dalmatina

Rana ridibunda

reptiles

pasture

cereal crops

forage crops

maize

fruit trees

vineyards

fallow land

energy crops (sunflower)
gardening

Testudo hermanni

Malpolon monspessulanus

Vipera ammodytes

Emys orbicularis

Natrix natrix

Lacerta viridis

9,056.13

6,369.09

4,391.00

2,075.05

1,497.01

828.16

703.34

343.40

251.82

closest scale Cheimaditida-
Zazari site

(Municipality level- Amyntaio)

1996

2016
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legumes 246.31
potatoes 219.10
shell fruits 195.58
sugarbeet 147.39
aromatic plants 64.32
Sl
sillage maize 38.90
oil crops 33.01
unused land 21.73
other crops 20.60
RES (solar energy) 2.81
tobacco 1.48
flower plants 0.72
iardenini iilass housesi 0.36
population 16,973
% land area (km?) 589.37
© population density 28.79
E age pyramid
% 18? 9 1(75:2 (Municipality level- Amyntaio) 2011
g 20-29 1,843
'g 30-39 2,219
@ 40-49 2,511
50-59 2,114
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60-69 1,670
69+ 3,140
rural population 1,280
occupation
active population 6,248
inactive population 10,725
social indicators
ageing index 153.99 (Municipality level- Amyntaio) 2011
age dependency ratio (%) 74.51 (Municipality level- Amyntaio) 2011
replacement ratio (%) 93.18 (Municipality level- Amyntaio) 2011

Source: Specific Management Plan for the Site Limnes Cheimaditida-Zazari (GR1340005); OPEKEPE Greek Payment Authority of Common

Agricultural Policy (C.A.P.) Aid Schemes; Hellenic Statistical Authority; Official Government Gazzete 1495/B/2010; Official Government Gazzete
L.3937/2011
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2.2.2. Resource inventory- Greece

Characteristics scale of data Data Year
o ) 9.5km? Cheimaditida Lake 2016
S size
°8 15x106m3 Cheimaditida Lake 2016
o= volume
5 ©
=2 13-30m3/sec
S 32 flow
(]
&) evapontraspiration 105-285mm Cheimaditida Lake 2002-2006
8 oo
35 EC
c = BOD December
S g CcoD 2017
=5 nitrogen content
= phosphorus content
vegetation protection scheme |G
o : CITES 3626/1982,
Cyclamen hederifolium Aiton WCMC/1993
Ceterach officinarum L. WCMC/1993
: : order 67/1981,
o Limodorum abortivum (L.) CITES/1982
= is laxi - order 67/1981, Cheimaditida Lake 1996
Orchis laxiflora Lam. ssp. palustris CITES/1982
Primula veris L. Ssp. Colummae CITES/1982
Primula vulgaris CITES/1982
Primula vulgaris CITES 3626/1982
Samolus valerantii L.
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Typha latifolia
Typha angustifolia
Schoenoplectus lacustris

Phragmites australis CITES 3626/1982

irrigation canal

Anabaena circinalis
Anabaena minderi
Anabaena spiroides
Anabaena variabilis
Anabaenopsis spl.
Anabaenopsis sp2.
Aphanizomenon * flos-
aquae
Aphanizomenon
issatschenkoi

Aphanizomenon spl.

Cyanophyceae Aphanocapsa cf. Cheimaditida Lake 2003
planctonica

Aphanocapsa
delicatissima

Chroococcus dispersus
Chroococcus minutus
Dictyospaerium
subsolitarium
Gomphospaeria lacustris
laaginema sp.
Planktolyngbya subtilis

Merismopedia cf.
tenuissima

phytoplakton
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Merismopedia punctata

Merismopedia elegans

Microcystis aeruginosa

Microcystis wesenbergii

Aphanocapsa holsatica

Planktothrix agardhii

Phormidium chalybeum

Pseudanabaena limnetica

Oscilatoria limosa

Limnothrix cf. redekei

Chlorophyceae

Actinastrum hantzschii

Ankistrodesmus spiralis

Chlorogonium elongatum

Chlorogonium maximum

Closterium acutum

Closterium dianae

Coelastrum astroideum

Coelastrum microporum

Cosmarium abbreviatum

Crucigenia apiculata

Elakatothrix gelatinosa

Keratococcus suesicus

Kierchnieriella subcapitata

Lagerheimia subsalsa

Micractinium pussilum

Monoraphidium arcuatum

Cheimaditida Lake

2003




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

Monoraphidium
concortum

Monoraphidium griffithii

Oocystis sp.

Pediastrum boryanum

Pediastrum dublex

Pediastrum kawraiskyi

Pediastrum simplex

Pediastrum tetras

Scenedesmus
acuminatus

Scenedesmus armatus

Scenedesmus cf.
spinosus

Scenedesmus communis

Scenedesmus ellipticus

Scenedesmus obtusus

Scenedesmus opoliensis

Scenedesmus
quadricauda

Scenedesmus
sempervirens

Scenedesmus sp.

Schroederia robusta
Korsikov

Staurastrum anatinum

Staurastrum chaetoceras

Staurastum cf. arachne
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Staurastrum sp.

Staurodesmus dejectus

Tetradesmus
wiscosinensis

Tetraedron caudatum

Tetraedron minimum

Tetraedron pentaedricum

Tetraedron triangulare

Tetrastrum
staurogeniaeforme

Euglenophyceae

Euglena spl.

Euglena sp2.

Phacus sp1.

Phacus sp2.

Cheimaditida Lake

2003

Chrysophyceae

Chrysocapsa planctonica

Dinobryon sertularia

Dinobryon sociale

Mallomonas sp1.

Mallomonas sp2.

Cheimaditida Lake

2003

Haptophyceae

Chrysochromulina parva

Chrysochromulina sp.

Cheimaditida Lake

2003

Bacillariophyceae

Asterionella formosa

Aulacoseira granulata

Aulacoseira islandica

Cyclotella chaetoceras

Cyclotella operculata

Cymatopleura solea

Cheimaditida Lake

2003
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Fragilaria construens
Fragilaria crotonensis
Nitzschia acicularis
Nitzschia amphibia
Nitzschia fonticola
Nitzschia vermicularis
Surirella cuspidata
Surirella linearis
Surirella tennuissima
Synedra ulna

Peridiniopsis cf.
quadridens
Dinophyceae Peridiniopsis sp. Cheimaditida Lake 2003
Peridinium spl.
Peridinium sp2.

Chroomonas
Chroomonas spl.
Chroomonas sp2.
Cryptophyceae Rhodomonas cf. lens Cheimaditida Lake 2003
Rhodomonas cf. tenuis

Rhodomonas spl.

Rhodomonas sp2.

Source: Irrigation Canal of Lake Cheimaditida in Western Macedonia, Greece (RWM); Specific Management Plan for the Site Limnes

Cheimaditida-Zazari (GR1340005); Study on phytoplagton of Cheimaditida and Zazari Lakes of Florina Prefecture, AUTH, 2003
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2.2.3. Water sampling-Greece
Three points are selected for water sampling. The points are shown in the following

Figures. The demo area for the first cultivation on next May will be closed to the 3™
point. However, it is thought that it will be good to have data about water analysis
from different points, in order to know exactly the fluctuation of the water
characteristics along to the irrigation channel.

Study area i - ' B Ymouvnua
() Amyntaio Power Plant

> : 7 water samples points

Figure 10: Water samples collection points
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Figure 12: Sample collection from the 2" point
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Figure 13: Sample collection from the 3rd point

2.2.4. Measurement of channel’s dimensions

CERTH team measured the dimensions (latitude and depth) of the irrigation channel.
For the latitude, CERTH team used a Laser Distance Meter (DISTO D210)

The results of the measurement of irrigation channel’s latitude and depth are presented
in the following table. The measurement points are the same with those for water

sampling (please see section A)

Table 1: Irrigation channel’s dimensions-Greece

15t — water blocking 8-8.5 0.5-1
2"d —second bridge 8-9 0.5-1
34 —third bridge 8-9 0.5-1
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Figure 15: Measurement of irrigation channel’s width



LIFE Biomass C+ LIFE BIOMASS C+ Low-cost, carbon positive bioethanol production with

innovative Green Floating Filters in multiple water bodies

3.1. Basic Design of Green Floating Filters (GFF)
The Biomass C+ Project proposes to develop an innovative system for producing

biomass that is not in competition with agricultural land, based on GFF made up of
cattails that are grown in eutrophicated/polluted waters to be used as feedstock of
bioethanol. The concept of GFF builds on the experience gained by GA-UPM in
previous developments (patent ES2120388, Project LIFEO2 ENV/E/182) on
wastewater treatment plants for small communities in rural environments. Different
from previous developments the filter in this project will be established in water bodies
with varying water depth, be run on a seasonal basis, from spring to autumn, and be

fully harvested for biofuels production.

The basics of GFF design are: i) to provide a floating support to plantlets, so that they
can conveniently grow and give rise to a floating plant mat, ii) to adjust the planting
density to the environment conditions, iii) to assure anchorage, so that floating mats
are fixed to the desired place and not dispersed downstream, iv) to keep the system

as simple as possible to facilitate scaling up.

Concerning the supporting system, there are various materials available on the market,
with different characteristics such as biodegradability, resistance, floatability and price.
The Agroenergy Group of the UPM (GA-UPM) have tested materials such as a number
of oil derivatives (extruded polystyrene XPS, Expanded Polystyrene EPS,
polyurethane PU, expanded polyethylene EPE, neoprene, rubber, polypropylene, and
others), bioplastics (plastics derived from renewable biomass sources, such as
vegetable fats and oils, starch of corn, potato or pea) and materials made up of hemp,
sugarcane cellulose and peat. These materials can be shaped in the form of sheets,
pots, ropes, trays or nets. It has been shown that modular assembling in sheets is
versatile and functional for water bodies with varying water depth, shape and size.
Among the tested materials, sheets made up of XPS and EPS have been revealed
more convenient; EPS is about 10-50% cheaper than XPS, depending on the ordered

guantity and the country.

For the purpose of GFF installation in this Project, the material suggested is EPS for
its resistance, durability, buoyancy and price; the presentation recommended is
perforated sheets (EPSS) (Figure 16) that allow an optimal development of cattails and

their roots with varying planting densities. Dimensions of the suggested sheets are:
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120 x 40 x 5 cm (length, width and height) and a density from 20 to 40 g/cm?® each

(sheet density for GFF is under study).

Figure 16: Expanded Polystyrene sheets (EPSS)

The factors that should be considered in the design of GFF are the following:

1.

Characteristics of the water body and its surroundings. The design may vary as a
function of the type of water body intended for GFF (stream, lake, pond or channel),
width, water depth, flow and accessibility. It is critical to choose a convenient place
for GFF installation; it has to be accessible by foot and by vehicle so that operators
are able to take to the banks all materials needed; preferably, banks should not
have abrupt edges, i.e. GFF sites should be chosen with smooth slope banks and

free of high/thick vegetation.

Density and distribution. Planting density should be optimized to the site and the
distribution of the plants balanced. In Figure 17, some models of planting density
and plant distribution are shown. Every position (hole) in the sheet should not be
planted; some empty positions around a planted position are needed to make room
to new shoots and facilitate their emergence. For the GA-UPM conditions, the

recommended planting density is 16-20 plants/m?; lower planting density is
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cheaper (less plantlets, less labor) but it will take more time to form a thick plant
mat.
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Figure 17: Planting density and models of plant distribution.

3. Size, shape, layout and quantity. Size: area intended to be occupied by GFF;
shape: rectangular or square shape (note that EPSS are rectangular); layout: sheet
placement on the water body (close to the bank, or in the middle of the water
body...); GFF units: number of independent GFF per water body. Some examples
are given in Figure 18. The harvesting procedure and tools/machinery to be used
should be taken into account as well, when making a decision on size, shape and
layout.
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Figure 18: Examples of four different designs; green areas represent a GFF, whilst
blue areas represent free water surface.

4. Anchoring procedure. Two systems are proposed:

4.1 In lagoons, ponds or lakes, anchorage to the bottom by means of ballast or
weights (Figure 19).

- [ | Prosecrmomasste 16 CORGRON0H Q‘; B

St - e
== e SEr
System of anchorage in lagoons

W e N i

Figure 19: GFF anchorage to the bottom by means of ballasts

4.2 Inirrigation channels, rivers or streams a lateral anchorage to the banks with
the help of pegs/spikes/sturdy sticks, or to a tree trunk; an optional coil spring

is recommended in case that water height varies over the seasons (Figure 20).
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Figure 20: GFF anchorage to the banks

3.1.1. GFF assembly
Once the above mentioned subjects have been defined, the operator can proceed to

the design sensu stricto. The main elements that are required are:

e Joining elements (to keep EPSS attached to each another) to build a unit of GFF.
It can be used pins, staples, clamps, among other hardware store supplies.

e Gripping system, in the case of GFF bank anchorage; it is the element that joins
GFF to the anchorage system (Figures 4.1.6. and 4.1.7.)

e Anchorage system: It consists of cord/rope and ballast if GFF is intended to be
anchorage to the ground; in case of bank anchorage, the anchorage system is
made with a cord/rope and an element to which the rope is tied/fixed (landscape
pins, sod pins, garden staples, stake...)

e Appropriate clothing to work in an aquatic environment (waterproof garment, water
boots, fishing waders...)

e A boat or a floating platform to work offshore more comfortable; also in case of

deep waters.
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Figure 21: Transversal gripping system (highlighted in yellow)
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Example of
gripping system

Figure 22: Transversal gripping system of helophytes filters placed in a plug-flow
channel. In the picture, the gripping element is a tree trunk anchored to the banks with
ropes.

3.1.2 EPSS assembling steps
Place the first row of EPSS (to the desired size) (step 1 in Figure 23)

Place clamps attaching sheets (2)
Place cattail plants according to the desired planting density and plant
distribution (3)

Place and fix the next row of sheets with clamps (3, 4, 5)

e Place cattail plants.

Continue until you reach the required GFF size (6, 7, 8); remember to place plants

before assembling the following row of EPSS.
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Figure 23: EPSS assembling steps.

3.2 Specific recommendations for demo sites GFFs

3.2.1..Irrigation channel of Cheimaditida (Greece)

The channel dimensions (provided by CERTH) are: 8-9 m width and 0.5-1 m depth
(13-30m3/sec).

Intended design like in Figure 24

Remove vegetation in the banks to get an area of easy access and low slope;

prepare an area to work comfortably.
Work from the water if there is not much current and water deep.

Place a gripping system (a sealed piece of pipe or a tree trunk) and anchor it to
both banks of the irrigation channel (it seems there are floodgates or some type of
dykes or dam, perhaps it would be possible to anchor GFF to those elements). At
this point, two parameters should be considered: water flow and volume fluctuation
(varying water level). The flow is important to decide on the gripping system (a
strong flow implies the need of a more consistent anchorage system). Volume
fluctuation implies continuous supervision of the water level and the need to

implement an anchorage system with a coil spring to absorb changes in water level.

Join the first row of EPSS to the gripping system; a width of 4-5 EPS sheets (4.80-
6.00 meters) would be appropriate and let space on both sides to work if necessary.
Continue joining sheets and joining them to each other until the desired length.




Figure 24: Irrigation channel of Cheimaditida (Greece). Photograph provided by
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The length of the filter will depend on the design of the channel and the flow;
lengths of 30-40 m would be feasible.

When the sheet assembling is completed, place another gripping system to the last
row. Place the rope of the anchorage system, looser in the head and tighter at the

end (to avoid lateral movements).

- B ProjectSiomass-Lite s CCINGRIO0004 Q‘fa GaA Photograph provided by CERTH

imgation channal of Cheimaditida
(Greaca)

4 Dimensions
8 5-9 m width
O% 0.5-1 mdepth &S

CERTH (photo montage by GA-UPM)

3.2.2. Ponds and storing irrigation water pools at El Arenal (Avila, Spain)
In irrigation channels, the above mentioned steps should be followed. In irrigation

ponds some modifications to what was described, are required.

The size of the plantation at EI Arenal will comprise approx. 250 m? in the first year.

The fact that the size of an irrigation pond in El Arenal is smaller than 250 m? will oblige

to install several GFF in different sites (Figure 25). In brief, the procedure will be as

follows.

Remove vegetation from the edges of the pond so that the access is easy; prepare
an area to work comfortably.

Work from the pond edges or in the water if there is not too much depth. In case of
small water bodies, the GFF assembling can be made on the edge and then
pushed into the water.

In small ponds, there is no need of a gripping system or an anchoring system, but
a removal system may be required to remove GFF from the water at harvest time.

In larger ponds an anchoring system could be necessary to keep the GFF at the
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desired position; in such a case, the GFF could be anchored to the bottom of the

pond with a ballast/weight or anchored with a rope to the bank.

e Join EPSS to the gripping system (if it is needed), and join sheets one another.
Use as many EPSS as required to achieve the planned GFF size. Let free space

on both sides to work if necessary.

Figure 25: Water bodies in El Arenal (Avila). Left: Pond with a cattail stand (rooted
plants). Right: Storing irrigation water pool.

3.3. Growth period
Cattails plantlets can be obtained by purchase order or by own propagation from

seeds. Purchase plantlets should be in a stage of optimal vegetative development
(shoots and root system) and their age should be at least four months. For own
propagation from seeds, the "Protocol for cattail propagation” is recommended (Annex

| to Deliverable A2: Training course material, UPM).

The complete strategy to produce seedlings has been designed by GA-UPM. Plantlets
are typically grown from seeds in high density trays placed in greenhouses (aquatic
nurseries) until they reach a size of about 5-10 cm of shoot height. Plant propagation
activities usually begin in November and plantlets are ready in Feb-March. GFF
installation may take about a month and can start as early as temperatures allow it
(March-April). Two systems for GFF establishment are applicable, depending on the
water body characteristics:

1. lIrrigation channels where water levels can be regulated: the channels are typically
empty at the beginning of the growing season, so they can slowly be filled up with
water according to the formation of the filter, typically with 5 cm of water volume

per week. Single plants are arranged on the bottom of the irrigation channel on a
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10 cm substrate (a mix of peat and soil). Once cattails roots become entangled and
form a mat they are floated by raising the water level, and the GFF is moored to
both banks of the irrigation channel or pond. This procedure takes more time than
the second one (already described), but it has the advantage that a support for
plantlets is not necessary.

2.  Water bodies where the water level cannot be regulated: plantlets need a support

to float. The procedure has been described in the previous section (4.1).

Following cattails growth cycle, the optimal season to install GFF is spring and the date
should be chosen in the free-frost period, once that the average daily temperature
reaches 14-15°C; in the Mediterranean region, this usually happens at the end of
March or at the beginning of April. The timing is strongly influenced by environmental
conditions and depends on the local weather. The GFF growth reaches its peak
between the end of the summer and the beginning of autumn. The pattern of growth
of Typha latifolia (rooted cattails grown in waste waters) as published by Martin &
Fernandez (1992) is graphically shown in Figure 26
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Figure 26: Growth cycle of Typha latifolia in Madrid (Spain). Source: Martin &
Fernandez, 1992.

During the growth period, water level and the sanitary status of cattails should be
surveyed. Some pests that can appear on cattails are aphids and mites; in the
experimental facilities of the GA-UPM commercial pesticides are occasionally used,
with a frequency of two treatments per cycle. For a biological control of pests,
preventive treatments can be applied twice a month with Azadiractin for mites control
and natural pyrethrins and extracts of Azadirachta indica (Neem), Quassia amara and

Allium sativum (garlic) for aphids.
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3.4. Harvesting
Biomass harvesting should be made in autumn when the growth of rhizomes has

ended and they are at the starch peak. It is advisable to survey the rhizome growth

and perform a test for starch content.

Details on harvesting time, starch test and harvesting procedures have been given in

Annex Il to Deliverable A2: Training course material, UPM).

The procedure for harvesting of cattail aerial biomass depends on the site where the
GFF is located (pond, channel), the width, the depth, the water flow, the GFF design,

the accessibility to the GFF and the available machinery.

In the Cheimaditida irrigation channel, the harvest could be made with portable

machinery (hedge trimmers).

¢ From the channel banks, approaching the GFF.

e From the water, if the water level is low.

e From a floating platform (deck, boat...).

e Disassemble the filter into EPSS rows, that is, harvest the aerial part of a row,
separate the row with the aerial part harvested of the next row of EPSS,
remove the EPSS with the harvested aerial part of the channel and proceed to

harvest the rhizomes out of the water.

In El Arenal ponds, being small GFF, the harvesting can be made from the edges of
the ponds or as shallow pools from within them, by using portable machinery (hedge

trimmers).

Harvesting submerged biomass

1. GFF formed without EPSS: the root mass will be pulled out from the water by
means of the appropriate machinery (for example, towing the root mass with a
tractor to remove it from the water).

2. GFF formed with EPSS:

e Toremove the root mass and EPSS from irrigation channels like Cheimaditida:
the removal may be carried out with machinery available at the site (a tractor
endowed with a frontal loader, for example), from the channel bank. Biomass
removal can be as a whole taking care not to break EPSS (breaks can be
minimized in GFF with gripping system) and on the bank, it can be proceed to
the separation of root biomass from EPSS (EPSS will be reused if possible).

Ideally, the harvest would be taken to a facility, where it would be chopped;
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EPPS remains would be separated with the help of a device based on a grid
and/or differential flotation, and the chopped material taken to biofuel
conversion. (Note: There are not Actions or activities on harvesting
developments in the Project).

e To extract the mass of roots and the EPSS from ponds at El Arenal: as the
ponds are small, GFF sheets will be separate one another by hand. Out of the
water it will be proceeded to separate the root mass from the EPSS. (EPSS will

be re-used if possible).

In Annex lIl of Deliverable A2 (Training course material, UPM) a wide range of
commercial machinery for harvesting submerged biomass is shown; for large GFFs,
there is available in the market specifically-cattail-developed self-propelled machinery
(out of the scope of this Project).




LIFE Biomass C+ , LIFE BIOMASS C+ Low-cost, carbon positive bioethanol production with

innovative Green Floating Filters in multiple water bodies

4. GFF planning

A seasonal scheme is envisaged for biomass production from cattails in this Project.

Two main steps are scheduled: i) the production of cattail plants for GFF, which should

be undertaken in a nursery facility or greenhouse (it is assumed that plants are required

for GFF installation in springtime, and that wintertime temperatures are cold), and ii)

the GFF installation in the water body.

October/

November

Locate natural
stands of cattails
in the area under
study. Harvest
cattail heads and
let them dry at

room temperature.

Seed procurement
from the collected
heads. Keep seeds

into a zip-lock bag.

December

Greenhouse:

Seedbed preparation
and sowing.

Germination

expected in 4-7 days.

(d/ temp.)

January

Seedling
development

in 2-3
weeks (d/temp.)

expected

February/ March
When  seedlings
are 20-30 cm tall:
take 1-cell
seedlings;

separate and
transplant  them;

one seedling per
garden tray-cell

April/ May

Establishment of
GFF. Plantlets size
to GFF

establishment.

suitable
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April/ May

Preparation of
materials.

Transport of plants
to the site and
placement of GFF

on the water body.

June-October

GFF surveillance: plant growth, water level, pests and diseases,

environmental effects, and others.

Meteorological records.

November/
December

Biomass
samplings.
Harvesting of
aerial and
submerged
biomass.
Transport to

facilities.
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