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Context @

GOLD aims to produce clean low-ILUC biofuels by growing
selected high-yielding lignocellulosic crops on contaminated
lands, and, in long-term, to return these lands back to the
agricultural production.

Contaminated lands
polluted with organic and
inorganic pollutants:

Biofuels with low ILUC
risks (RED II directive):

& Biofuels produced from energy

& Aproximately 2.5 million sites

in Europe. :
crops cultivated on abandoned,
; e(?(ian ngt bl? Lol unused and seriously degraded
eed production. lands.

& Phytoremediation is a "green"
and economic method of soil
restoration.

& Energy crops are tolerant to
pollutants, they can be cultivated
to produce biofuels and
decontaminate soils

& A target of 14% for biofuels,
bioliquids and biomass fuels with
low ILUC risks have been set by
2030.

& Energy crops on contaminated
land can provide feedstock for
biofuels with low ILUC risks.




Specific Objectives

To optimize selected high-yielding lignocellulosic energy crops for phytoremediation
purposes and biofuel production targeting different classes of soil-pollutants (WP1)

To convert the produced biomass feedstock to biofuels with low ILUC risks and to
ensure the extraction of the soil pollutants in concentrated form (WP2)

To bridge the gap between the clean biofuel production and the optimized
phytoremediation solutions on contaminated land (WP3)

To carry out the management and coordination of the project and to ensure its
successful implementation between EU and the project partners (WP5)

To disseminate and communicate the project results as well as to boost the
international collaboration (WP4)




Approach

GOLD aims to grow selected high-yielding lignocellulosic

energy crops on contaminated

purposes:

lands having two-fold

* produce feedstock for clean biofuels with low ILUC risks

e contribute to

land decontamination

optimized phytoremediation solutions.

Energy crops
growing on
contaminated
soils with
organics/
inorganics
pollutants

@

Biofuels with

low ILUC risks
and contaminats
in a concentrated
form

applying

Optimized value
chains in terms
of cost,
sustainability
and SDGs



Four energy crops

Two perennial grasses
(miscanthus and switchgrass)
and

two annual herbaceous
(sorghum and industrial hemp)

Industrial Hemp Sorghum

Maximize
use of on-farm
resources

Miscanthus Switchgrass

Proper agricultural management
for successful phytoremediation

Minimize
use of off-farm
resources

Maximize
ecological
value

ot ogycrope Special attention will be given to
land swill follow the S the applied agronomic
principles of Wt management to support the plant
e establishment and growth under

esources the stressing conditions of the
contaminated sites taking into
consideration the low-input

concept .

Prevent
impacts on -
human |OW'|npUt

health/food .
security agriculture

Ensure
economic
profitability

Minimize
negative
externalities




Phytoremediation Strategies

Two phytoremediation strategies will be deployed in GOLD

Bioaugmentation:
indigenous or
allochthonous
microorganisms
are applied to the
polluted soils in
order to
accelerate the
removal of
inorganic
contaminants or
to effectively
reduce the
organic
contaminant load
by degrading
and/or
transforming it
into less
dangerous
compounds (in
collaboration
with the energy
crops).

Mycorrhiza
and 2
biostimulants

Organic

P pellutants .

\’ At
Inor ganic *

pollutants 4

Degraded
organmic
pollutants

G

Phytoextraction:
plants, capable
of accumulating
metal(loid)s, are
grown on
polluted sites
and the
metal(loid)-rich
aboveground
biomass is
harvested on
maturity. As a
result, a fraction

of the soil
pollutants is
removed.
Increase of:

plant growth

and yields

root

development

water and

nutrient uptake
stress response
phytoremediati
on potential



Two conversion routes have been selected for the
production of low ILUC risk biofuels @

1st Conversion Route — High Temperature Entrained Flow Gasification

COand COzrich gas
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Pre-treatment Slag containing Fiy ash
havy elements in containing condensed
vitrified form (Cu, Ni) residue trace elements
Humic acids L'qu?d .- Cleanwater
(b|0 Stimu|ants) handllng (for recycling)

Qi




Contaminated

2nd Conversion Route — Autothermal Biomass Pyrolysis

Solid phase evaluation Syngas evaluation
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(Route 1) (Route 1)
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Value Chains Optimization @

In GOLD, 44 phytoremediation solutions will be developed by combining different contaminated
sites, energy crops, phytoremediation practices, and then evaluated.

The best performing phytoremediation solutions will be tested for replication in other sites, then
combined with the two conversion routes developed in GOLD.

16 value chains (4 per energy crop) will be selected, modelled and analyzed in terms of cost and
sustainability through an integrated sustainability assessment.

Development of optimized phytoremediation solutions

The pytoremediation
solutions will be
combined with

the two conversion
routes and 16 value
chains will be

Contaminated Selected energy Phytoremediation
sites crops practices

selected,

with inorganic with inorganic with inorganic modelled and
and/or organic and/or organic and/or organic analysed in

*Contaminated sites *Contaminated sites *Contaminated sites

pollutants situated in
Greece, Italy, France, Greece, Italy, France, Greece, Italy, France, terms of (,:OSt .a_nd
Poland, China and India Poland, China and India Poland, China and India sustainability

towards SDGs.

pollutants situatedin pollutants situated in

The cultivation will follow the low-inputs concept adjusted
to the specific soil conditions in each contaminated site.




Pilot Sites

The selected pilot sites cover a vast variety of contaminants, namely heavy metals, metalloids and
organic compounds. Moreover, the sites represent different types of soil.
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Experimental fields in GREECE (two sites) @

15t site: in Lavreotiki peninsula (AUA)

BOYATAPIA

MAKEBONIA o
mg:ﬁ“:»‘m ~

-

A long-term multi-metal contaminated site due to ancient (3000-200 B.C.) and more recent (1864-1982 A.D.) mining
and metallurgical activities.

Common values 0.5-2.5 1-3 30-75 5-120 50-300 150-300 0.1-1
As Cd Ni Cu Pb Zn Sb
Total Sample(Sample[Sample[Sample[Sample|Sample|Sample|Sample|Sample|Sample|Sample|Sample

Sample1l | Sample 2

Concentration 1 2 1 2 1 2 1 2 1 2 1 2

(ma/kg) 338 590 137 | 25 | 182 | 172 | 101 | 138 | 8509 |10797| 2597 | 4950 | 74 | 92 11




2nd site: in Kozani (CRES & METE) @
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POTENTIAL CONTAMINANTS Site located nearby a lignite mining area
polluted with ash containing several
Heavy Traces of: contaminants.
metal(loids)
As | C | Ni [ Pb | | Heavy fuel oils
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Experimental field in ITALY

3rd site: N. Italy, Chiarini 2, (UNIBO)

Tawola €
FIANO DI INVESTIGAZIONE INIZIALE DEL SUOLO E SOTTOSUOLO

%0

LEGENDA
Q Sodapl
w Indagmi geoekirche
e Reonoome
w= Debmity D0ne boschetty
e Lotti dal Progetto di Bon fica
Aree dimenti di bonifica
s Chianni 2 - aa d cwannzzazione

poste al pr

metn

11000

SCALA 1:1.000

Pregetto di borufica dal sito contamunaso dancmanato Chesruni I, ubizate in via Chaanm a Bologna, i sann dell'Allagate 4 dal Decrets Ministanale 2
sttokre 1999, n. 471 - Rane & caratterizsancas

poginae 26 & 44

A contaminated site due to dumping of industrial waste.

Heavy metals Traces of:
Potential contaminats

Polychlorinated 13

Cd Ni Pb Cu Zn biphenyls Heavy fuel oils




Experimental field in FRANCE @

4th site: Evin-Malmaison (YNCREA)

7~ 3
L Prevailing winds Evin-
. Experimental | Malmaison

Noyelles-Godault

Agricultural area

Urban area

jf//// Highly anthropogenic area

G S

§55%4 Forested area
Bl Smetter

N Deule canal
N Road

Railway

0 1,000 meters
———

A site contaminated mostly by Cd, Pb and Zn due to the former smelter plant METALEUROP
Nord (1894 to 2003) located 300m north of the field.

CBTSEO' 03+0.1 |37.3+13|546+31| 64 0.4 20.8 69.5 9.7
Tot Cd Tot Pb Tot Zn CaCO4 (g 0 . 0
Experimentall (mg kg?) | (mg kg?!) | (mg kg™) pH Kg1) Clay (%) | Silt (%) | Sand (%) iy
plot 747.1 + 906.0 +
135+03| " e 7.3 5.4 19.2 56.0 24.8




Experimental field in POLAND

5th site: Region of Upper Silesia (UMCS)

LUTION WITH ZINC

A long-term multi-metal contaminated site due to mining and metallurgical activities (dating
back to 19 century) (excessive concentrations of Pb, Zn, Cu, Cd) and due to chemical industry
— activity of former Jaworzno Organika Azot plant (since 1921) (considerable pollution with

persistent organic pollutants, including pesticides and their intermediates: HCH, DDT, DDE,
DDD, dieldrin, endrin, organic solvents).
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Experimental fields in CHINA (two sites)

6th site: Hunan Agricultural University

2 China has the largest miscanthus growing
area (approx. 100,000 ha)

a M. lutarioriparia is dominant spp growing
wildly around Dongting lake

2d Dominant contaminant is Cd

Q M. lutarioriparius exhibits a great potential
as a phytoremediation plant

Site pH |conductivity] TN (g TP (g TK (gkg | SOM (mg Cu (mg Mn (mg Zn (mg Cd (mg Cr(mg | Pb(mgkg
(uscm?) [ kg?) kgt) 1) kg?) kgt) kg?) kg?) kg?) kg?) 1)
S1 | 7.24+ | 498.50+ | 0.92%0. | 0.77+40. | 11.2940. | 25.14+0.1 | 38.70+2. | 513.25+2 | 233.06%+ | 9.25+0.4 | 100.07+ | 98.40%6.0
0.13 20.8 03 03 61 1 80 6.99 8.14 0 1.33 8
S2 6.53+ | 259.62+ | 0.64+0. | 0.38+0. | 8.63+0.8 | 22.30+1.6 | 28.73+2. | 319.48+1 | 164.43+ | 6.06+1.8 | 63.44+0 | 113.46%1
0.16 23.6 09 03 0 6 83 2.59 13.69 2 .85 6.15
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7th site: The experimential field of IBFC
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The experimential field
of IBFC at Liuyang City
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The experimential greenhouse
of IBFC at Changsha City

Cd and As content of contaminated site at Liuyang City: Cd content is 0.988—6.71mg/kg,
As content is20.3 —340mg/kg.
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Specific Impacts

Three main impacts will be jointly generated by the outcomes of GOLD:

Create a win-win situation by bringing polluted
O land back to agricultural production through cost
reduction and improved phytoremediation

Produce clean biofuels with low ILUC risks from

O selected energy crops grown on contaminated
lands

Promote the international collaboration towards

O the Mission Innovation Challenge 4 on advanced
biofuels
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Contribution to the SDGs

Through the developed optimized phytoremediation strategies and
solutions, GOLD will contribute to several Sustainable Development

Goals.

Restoration of
contaminated land for
agriculture

Reduce leaching of
pollutants in ground
and surface water

Job creation across biofuel
value chains and additional
income for farmers

Reduce the ecological
footprint of
agriculture
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Prevent soil loss, preserve
soil health and functions

uevmm

ﬁ

G

Reduce the exposure
to hazardous
chemicals

Produce
clean fuels

Development of
innovative
entrepreneurship

Reduce GHG emission
and promote soil
carbon sequestration
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Partners G,

The consortium consists of 19 partners (4 non-EU) that

are experts on phytoremediation, on energy crops and
on conversion processes.
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