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2.8 million potentially polluted sites,

60-70% of all soils in Europe are unhealthy due to current
management practices, pollution, urbanization and the effects of
climate change,

the cost of soil degradation in the EU can exceed € 50 billion per year, ¥ " =5 — ?

soil degradation can lead to the destruction of ecosystems and
landscapes, making societies more vulnerable to extreme weather
events, threats to food security and even political instability,

contaminated soils are a source of health hazards related to the
secondary emission of wind-borne dust from surfaces devoid of
vegetation,

soluble forms of metals leach from the soil and migrate
to surface and groundwater.
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Reduce soil degradation, including desertification and salinisation:
= recover 50% of degraded land to achieve soil degradation neutrality.

Protect soil organic carbon stocks (e.g. forests, permanent

pastures, and wetlands):
= increase organic carbon on cropland from 0.1 to 0.4% per year,
= reduce the area of peatlands losing carbon by 30% to 50%.

Reduce soil sealing and increase reuse of urban soils (the current
urban soil reuse rate is to be increased from 13% to 50%). a4

www.kierunekenergetyka.pl/artykul,35306,problemy-skazenia-gleby-podczas-produkcji-energii-w-zawodowych-zakladach-energetycznych,0.html
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Maps of heavy metal concentrations in topsoil in Europe (mg kg™!) interpolated using block regression-kriging (support size=5km)

Lado L.R., Hengl T., Reuter H.l., (2008) : Heavy metals in European soils. A geostatistical analysis of FOREGS Geochemical database, Geoderma 148, 189-199.
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HEAVILY POLLUTED AREAS MODERA;ER'-EYAZOLLUTED
phy»:?,g::tcrzccjtion Phytostitilization Phytoextraction associated with the
or assisted Assisted phytostabilization production of a crop for energy

phytovolytilization purposes
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clean sail, “ contaminants remain in

contaminated crop yield, the soil,

the release of pollutants = immobilization of pollutants

into the atmosphere, (limiting the bioavailability of
elements in the soil and their
uptake by plants),

= production of uncontaminated
biomass and its use for energy
purposes,

development of areas excluded
from agricultural production
due to pollution
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- The use of plants to immobilize pollutants in the
soil by absorption and accumulation in the roots,
adsorption on the root surface or precipitation in
the rhizosphere.
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AIDED PHYTOSTABILIZATION

- The use of soil additives immobilizing metals

with appropriately selected plant species.

The immobilization of pollutants in the soil is

based on the processes of absorption and

accumulation in the roots, adsorption on the

ggﬁ"gg:gﬁg‘:;;mmmcmww surface of the roots or their transformation
within the rhizosphere into sparingly soluble

compounds.
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The content of the bioavailable fraction of heavy metals in the soil
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REVITALIZATION OF THE POST-ZINC DUMP IN THE CENTER OF RUDA SLASKA -
_n/“: IETU APPLICATION OF SUSTAINABLE LAND MANAGEMENT IN INTEGRATED
ENVIRONMENT MANAGEMENT IN URBAN FUNCTIONAL AREAS

miterreg &

ion

2016, VIEW OF THE HEAP IN THE NORTH DIRECTION,
BEFORE THE REVITALIZATION PROCESS :

www.interreg-central.eu/
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PHYTOEXTRACTION

— The use of plants capable of absorbing
heavy metals to transport these metals
or organic compounds from the soil and
their accumulation in the above-ground
parts of plants.

Contaminant
Taken up into
Plant Tissue

— Possibility of associating phytoextraction
Translocation into . .
Shocils with the production of a crop for energy
o purposes.

Plant Uptake

Im;;?:ed Soil Being Contaminant INDUCED PHYTOEXTRACTION

Remediated - The use of chemical reagents to enchance
plant metal uptake
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- soils which, due to unfavorable natural, anthropogenic and economic conditions, have
relatively low productivity or are not suitable for safe food production

: heavy metal contaminated
agricultural soil, poor quality soil

: sustainable management
of the land excluded from
agricultural production, obtaining
vegetation cover and production of
biomass
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Use of land for biomass production

IETU PHYTOZENERGY - BIOMASS ON MARGINAL LAND

About 10% of arable lands
across Europe seems to be
marginal

- N

Renewability of biomass
makes it an attractive
source of energy

About 100 million to
1 billion ha of marginal lands
are theoretically available for
production worldwide

FOODORFUEL?  RHYTO QeneRrGY
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ircemedia

should not compete with its use for About 800 thousand km? of soils in Europe Some energy crop species
food production are considered polluted or potentially demonstrate potential for
polluted in that 30% with heavy metals heavy metal removal
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pH (1 : 2.5 soil/KCl ratio) 6.79+0.01
Electrical conductivity (uS/cm) 127 £ 0.002
Organic matter content (%) 4.0 +0.03

Sand (1-0.05mm ), % 28

Silt (0.05-0.002 mm), % 56

Clay (< 0.002 mm), % 16

Pb (mg kg™) 547.0+ 27.92

Cd (mg kg?) 20.84+1.17

Zn (mg kg?) 2174 + 103

Pb (mg kg) 0.39+0.03 (0.07) b
cd (mg kgl) 1.20 4 0.03 (5.76) b
Zn (mg kg!) 46.52 + 1.51 (2.13) "

Values represent mean of three replicate samples * SE, 2 — extraction with 0.01 M CaCIZ’ b—in parentheses percentages of total metal concentrations are presented
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PHYTO QenerGY

Phyutoremediation driven energy crops
production on heavy metal degraded arears as
local energy carrier

= obtain information which

energy Crop Sspecies are
optimal in terms of biomass
yield, robustness and relative
site management goal,

develop a simple guidance
on phytoremediation driven
energy crop production to
be wused in HMC sites
management practice.
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Phutoremediation driven energy crops
production on heavy metal degraded arcar as
local energy carrier

“ Switcass o
(Panicum virgatum)

Giant miscanthus
(Miscanthus x
giganteus)

| ordgrass

| Virginia mallow
(Spartina pectinata) (Sida hermaphrodita)

They demonstrate promising performance
in terms of biomass yield and metal uptake

Heavy metals plant uptake

MG: Miscanthus x giganteus
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MISCOMAR AND MISCOMAR +

mirscomar

Miscanthus biomass options
for contaminated and marginal
land: quality, quantity and soil
interactions.

Project start date: May 2016

Duration of the project: 36 months

heavy metals

miscomar-+

Miscanthus biomass from marginal and
polluted areas - MISCOMAR PLUS

Project start date: July 2020
Duration of the project: 36 months

Areas under interest

soils contaminated with marginal and fallow soils soils depleted under intensive

agriculture



MISCANTHUS BIOMASS OPTIONS FOR CONTAMINATED AND
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mirscomar

investigate the field performance of
novel, stress tolerant Miscanthus hybrids
in comparison to the standard genotype
M. x giganteus on economically marginal
and heavy metal contaminated soils,

quantify the impacts of Miscanthus
production on soil parameters,

identify utilisation options for biomass
and study the impact of varying
environmental conditions on potential
Miscanthus end uses,

develop concepts for the integration of
Miscanthus into existing landscapes, crop
rotations and farming systems.
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myscomar+

Project Goals

MISCOMAR+ will extend the evidence-base
for Miscanthus as a leading perennial
bioenergy crop for Marginal, Contaminated,
and industrially damaged Land (MaCL)

Using interdisciplinary —academic and
industrial expertise, with novel Miscanthus
hybrids bred for climate change resilience

Miscanthus on MaCL represents smart
bioenergy because biomass is produced by
the most sustainable means on land that is
currently unsuitable for food production.
Our approaches have potential to boost
productivity from poorly functioning land
whilst improving ecosystem services
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Thermochemlical conversion Biochemical conversion
Pyrolysis
Combustion Gasification Liquefaction Digestion Fermentation P
HTU (oilseeds)
Steamn Gas Gas Oil Charcoal Biogas
Steam Gas turbine, Methanol/ Upgrading Gas Distillation Esterification
turbine combined hydrocarbons/
cycle, engine hydrogen
I ‘ synthesis
Fuel cell Diesel Ethanol Bio-diesel

Data from Faaij A.P.C, 2006, Energy Policy, 34, 322-342.
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Contaminated
soil

' Plants metal uptake

Soil fertilization ‘

-

Gasification
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. Pb Cd Zn P Fe K/K,0 Ca/Ca0  Mg/MgO

Variants T 2 (% vl &'Mg

MG control 1342  <0.60 3308 2449 9555 2.46 2.90 0.794

MG fertilization 947 <060 3603 2320 5073 2.63 3.99 0.778

MG inoculum 1164 <0.60 2909 4115 6379 3.07 2.62 0.766

O SH control 4139 2050 2.96 12.80 2.09

©  SHfertilization ~ [NCHMMMSOIBON 5805 3957 3265 3.63 17.10 2.30

Ao SHinoculum [ 296 | <060 | 2370 @ 2114 1178 2.76 13.10 1.78
SP control 1917 3058 3.29 4.77 0.382

SP fertilization 584  <0.60 3003 2057 4424 2.51 4.06 0.381

SP inoculum 1596 2596 2.63 3.32 0.258

C  SHfertilzation  IIMIONMEOBON 629 10305 929 0.608 2380  1.50
8 sHinocuun  NEOGONNSOBON 530 1620 74 1.88 1420 0.857

Na < 83 mg/kg - Fertilizer in agriculture - Brownfield reclamation



50th anniversary

s, [ETU

1972 - 2022

Institute for Ecology of Industrial Areas

'/_rlnr%- I ET U | 6, Kossutha Str., 40-844 Katowice, Poland

www.ietu.pl

ietu@ietu.pl



