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PRODUCTION OF MXG BIOMASS AIMINENEGSTES AND ITS@) CO rne‘l'
UTILIZATION AS BIOPRODUCTS

to ensurea completeMiscanthusvalue chain from sustainableland
managemerdt differentmarginalandsthroughcultivationharveststorageto biomasgprocessingp fibres pulp,
fibrousmaterialsand packagingraper Simultaneousiiscanthusvaste producediuringprocessingandfrom
contaminateglanttissuesfromthefieldis utilizedoypyrolysito energyndbiochausedat the fieldsagain

WP 1Ensuring sustainable miscanthus utilization ahgastg and marginal, including military lands
WP 2Miscanthus biomass goecessing for convertindibvesand pulp
WP 3Miscanthus Waste Utilization

WP 4Production of Miscanthus fibre and pulp

WP 5Paper and packaging products from Miscanthus

WP 6Materials based on natditadesfrom Miscanthus

WP 7Value chains for Miscantbased sustainable products

WP 8Dissemination and coordination




ENBUSERS COMMITTEE

User committee consists of companies
working in the following areas:
Agriculture and bioenergy
Mechanical engineering

Paper production

Wooebased material
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MILITARY SITES CLEANING

NEW PHYTOTECHNOLOGY FOR CLEANING CONTAMINATED MILITARY SITES

PRODUCTION OF MXG BIOMASS ATMIHERRSSITES AND ITS UTILIZATION FOR EN

/ (PROJECT SPS MYP G4687—2m16\

Former mllltary sites: after acuwnes of the SU Army Since beginning in 2014 a war for Ukrainian Independence against R
y numerous new military contaminated sites appeared at the Eastern pa
the country polluted by metals, oils and products of their decompositic

2014-24.02.2022

, RUSSIA Gy

The military sector has recentlybecomeseriouslyengagedn environmentadite
investigatiorandremediatiomndoftenis technologicallipehindhe civiliansector
Soilandgroundwatedeterioratioms the mostcommorproblemsandalsothe most
expensiveo rehabilitate Hydrocarbon@etrol, diesel,kerosenepre the dominant
pollutantsfound at military bases Othercommoncontaminantsare chlorinated
hydrocarbonsand trace element,in some cases PCB and other chlorinated
hydrocarboraespeciaproblems
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Stem height: 34 m

MISCANTHESSIGANTEUS

Perennial grass: growth up to 25 years

High shoot productivity: <130 t DW h&

Low production inputs
Soil stabilization

CQ, sequestration

Non invasive species

Shoot DW (t ha'?)

BIOFUEL

25
20
15

=
=)

o [

Triticale

Cadouet af 2013 IvanivkaUkraine

ANIMAL BUILDING PACKAGING
BEDDING MATERIALS



In case of insignificant pollution & damading

afterpostmilitaryoperations it is more INTEREST OF PHYTOTECHNOLOGY

profitable to apply the Phytotechnology
biomass production

Phytoremediation

Bioremediation

Time En enta
fri ess
Cost Physicechemical Social
remediations acceptability

Dig & dump



PHYTOREMEDIATION®MNVHE PEGSILITARY TEONTAMINATED SOILS
(KAMENETZ, UKRAINE AND SLIAC, SLOVAKIA)
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SPS MYP G4687: NEW PHYTOTECHNOLOGY FOR CLEANING CONTAMINATERMLITAR

Developingdg phytotechnology to enhance environmental

security opostmilitarysites by production biomass on
contaminated military lands such that the two goals of
biomass production and soil improvement have been
accomplished effectively and efficiently.

Revealed the effect didvbiomass production on soll
guality and microbiol@gngwith impactof agricultural
practice to biomass quality

Testing biomass produced at the TEs contaminated m
soil as source ehergy

Establishing & plantations at the former military sites
(USA, FRiley;DolynandKurakhovdJkraine).
Promotiophytotechnolody stakeholders.e., local
government, business, farmsuisicators3 training, 4
workshops and rodiadbles, Book and Gulgteoks, 22 IF
publications, new causes and PhD programs.

PHYTOTECHNOLOGY

with Biomass Production
Sustainable Management
of Contaminated Sites

Edited by
Larry E. Erickson
Valentina Pidlisnyuk
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i}l SBIOMACK Ans BIAHOBNEHHA 3EMENb,
| SNNSABPYAHEHVIX TA MOPYLUEHNX
'BHACIIAOK BINCbKOBOI AIANIBHOCTI
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ENSURING SUSTAINABLE MISCANTHUS UTILIZATION A NNAANNN
AT THE POEININGND MARGINAL LANDS

Two research fields were established in Chomutov at
the marginal land (2020 and 2021)

' 4
VURYV _—
Vyzkumny Ustav
rostlinné vyroby
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WP 1ENSURING SUSTAINABLE MISCANTHUS UTILIZATIN®BT POSTo e
AND MARGINAL, INCLUDING MILITARY LANDS: UJEP ,
VURV

Vyzkumny Ustav

Field experiment (Chomutov, the Czech Republic), impact of soil amend rostlinné vyroby

Digestate Fertilizer NPK Sewage sludge Biochar + NPK Control
Control Biochar + NPK Digestate Sewage sludge Fertilizer NPK

Sewage sludge Digestate Fertilizer NPK Control Biochar + NPK
E

har 2 dose Bl Paper siudge B Sewape sludge (O o AP Sotmplie
i ]
POCOCO00

oocoocd
Loocodg
poood

[eNeNeNeReXe] ;;
OO0 000
QOO0 OQ
1. Control 5 treatmentp 4 plots = 20 plots 1. Control 6 treatmentp 4 plots = 24 plots
2. Fertilizer NPK 2. Biochar (tdose) Each plot contains 30 rhizomes.
3. Biochar + NPK 3. Biochar (P'dose)  Field consists of 720iscanthug giganteus
4. Digestate Date of establishirggh April, 2020 4. Paper sludge rhizomes.
5. Sewage sludge 5. Digestate
6.

Sewage sludge  Date of establishing" April, 2021



CHANGING IN THE SOIL MICROBIAL COMMUNITIES DURING MISCANTHUS GROW
SOILS (FIELD 2021, CHOMUTOV), IN COOPERATION WITH NULES, UKRAINE AN
INSTITUTE, POLAND

Pest pressure disservice
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Radar chart of the metabolic footprint of each nematode trophic
group in the different treatments and ecosystem services delivered.
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BD2 10% positively impacted to the harvest value

The soil nematode community associated with the cultivation whsregssitive to the type of applied
organic amendments.

SS favoured a more stable maturity status of nematode community compared to the application of S, prc
snapshot of soil health.



SOIL FROME ERECE@U S T | FORMER LIGNITE RMISING SITE
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g f e 5 % . -1 Biomass productivity afd/produced in the T&mtaminated soil in
: | the presence of PGPB strains: a) leaves; b) stems; c) roots.
lm‘ 1 l il ' l »
CaN D _ Physiological Payamfmand_ Using of PGPB isolated from the contaminated soil, assisted in
N 10n - . . .
\ — J 9 increasing of g homas
bt T L o Tsolation of plant growth-promoting
b bacteria from the research soil

WLES  ph<MPC  Pb=4.6§MPC  Pb=33.9 p MPC

Bacillus altitudinis
KP-14 strain

b Y

43 502.9M161.1 460.2M157.3 488.3M160.0
90 201.4168.3 208.3M66.4 243.2167.2

1500 492.4m45.8 449.7M44.7 440.1M45.9

50 99.6 M17.4 104.916.8 102.1M17.2

60 73.5Mm10.5 70.5Mm9.9 68.9m10.3
Phytoremediation of initial soil contaminated by
trace elements (V, Cr, Mn, Ni, Cu, Zn, Sr, Pb),
additionally artificially contaminated by Pb

Plant growth and uptake
of different trace elements

Bacterization of
M. xgiganteus thizomes

120 204.2M7.1 206.3M8.5 195.9M8.4
7 4185m3.9 407.4m3.9 400.7m4.1
60 44.2M3.7 293.4M7.0 1969.8M15.8



IMPACT ®6Rs
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Concentration of -0i No amendmentd Biochar from sludae. * Biochar from wood
products, mg Kg 9.9 and biohumus, 5%
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Changes in the photosynthesis paramet&soddraceduring the experiment£d) b)

BIOCHAR SUPPORPEIPMYTOTECHNOLOGY APPLII
THE PETROLEL®BNTAMINATED SOIL (IN COOPERATIC
TERNOPIL NATIONAL PEDAGOGICAL UNIVERSIT

Only significant Pearson’s correlation coefficients shown

K 0.89 0.89 0.89 .89

LW 0.97 0.98 0.97 0.99

o Bl
o T g
0.5

Org_C . 0.96 4 0.93 0.98 0.98 ¢.93 N
0
pH 0.94 095 0.9 093 091 . 91
0.5
W VM FC A C H N SBETpH EC HHY pH l—lll
)

Biochar properties Soil properties

Heatmap of the Pearson correlation between biochar properties and soil
agrochemical characteristics. Abbreviatibhasi® ES electrical conductivity,
FGH fixed carbor@rg_E organic carbon, MMolatile matter, andf\moisture.

SPAD; @NOQ and df NPQDifferent letters on the boxplots within one stress parameter
indicate a significant difference between the values of the different treatments at (at

least) p<0.05.
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TEST FOR UTILIZATION OF MISCANTHUS BICRRCEICT 810

A Test is proposed for biomass verification depending of theagirddctfiber, pulp, insulation
material, paper, abhachar
A The test includes:
A Stages of biomass utilization at the marginal land
A Stages of harvesting, transportation and storing
A Requirements for:
A Biomass to fibers
A Fibers to fibrous and insulation materials
A Biomass to pulp
A Miscanthus and industrial wastebithar

A Test is presented as a Guide fouEeis
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WP 3: MBCANTHWASTE UTILIZATMSEIUO

Setting of process conditions was done fromAthe following conditions:
400, 500, 600, 700 final temperature); 0.25, 1, Bresidence time (hour)

Raw Biochar Biochar Biochar Biochar Biochar Biochar
Miscanthus 400 500 600 700 600/1 600/0.25
Proximate analysis (wt.%)

W 8.53 2.05 1.84 1.53 1.74 1.85
VM 76.00 22.82 15.78 7.30 11.07 13.13 - .
FC! 20.58 67.33 74.04 78.71 76.79 76.50 20

Ad 3.42 9.86 10.17 13.98 12.14 10.38 00 . ®

Higher heating value (MJ/kg)

Lenzd 1004 2000 21 17 2029 2070 2110 100
LILLELA'A L V.U \JU-ﬁZHS (Crii.’eJi-.ia‘IBl -drvm.u? IUVLTU JL.1U .
PAHs[  nd | 680 | 1740 [ 560 | 4.10 5.80 5.00 1o, .
! Pyrolysis
600 °C, 5 °C/min, 2 h
» Biochar
Fibrous
material . Biochar

preparation on a
laboratory unit

Proximate and Ultimate analysis

4—{ Physisorption (BET)

Analysis of Heavy Metals and PAHs

® cornet
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TESTING OF BIOCHAR FROM MISCANTHUS CONTAMINATED RHIZOMES/BIOMASS
SPINACIA OLERACEA S GIRCO®PERATION WITH TNPU, UKRAINE)

Experiment timeline Tuly 7

April 27 .;J::;“;‘ mv]e . :: . ) . o /__.' :
byt S . sons e - 1 2 35 a b) 4 a
Day 23 Day 30 Day 41 Day 51 Day 72 0.30 E a o == $
Testing biochars produced f r om -contaminaechsoih at e d E;o.zs 0206 ej'"" u2 ce T
(Biochar 1), and biochar received from the aboveground biomass produced at the Chomutov field (Bu Z b E b .
2), in the latter case three doses (1, 3, and 5%) were tested. 020 b g ==
b 304 322
) . . . 015 0188 * o.ts1 295
Thehighestbiomassyieldof S oleraceavas recordedor 3% B2. Thephotosynthetic 4
parametersndicatedthat 3 and5% B2 dosesresultedin the dissociationof light comomomem oMo mem
harvestingomplexesncreasinghe biochardosedid not necessarilyncreasebiomass Physiological parametersSobleraceat the end of the

yieldorimprovehotosynthetiparameters experiment: a) biomass DW and b) plant leaf total area.



ONIVERSITAT
¢ WP4: PRODUCTION OF MISCANTHUS FIBER AMFPULP: TUD DRESDEN
X | \WP6: PRODUCTS BASED ON NATURAL FIBERS FROM MSERNTHUBFTID, ...

isca nVB'Ue

Sa5ii Faserwerkstofftechnik

PROCESSING OF R
MATERIAL PARTICLE BOARD

THERMRIECHANICA iy
PULPING (TMP) INSULATING MATERI»
CHEMICAL THERMO , 7
MECHANICAL PULPI» FIBRES FOR PAPEF»
(CTMP) i
:llllllllllll» .
BIOCHAR Outcomefunctional samples

of pulp/insulating material

® cornet



WP5: PROCESSING OF MISCANTHUS PULP TO PAPER: PTS PTsy

A Miscanthu§ibreswere not bleached higher lignin content
A Miscanthu#\cetosolpulpsachievedignificantly higher strength (Tensile Index) than pulps produced
after sulphate digestion without refining.

MECHANICAL PULPING CTMP ACETOSGRVLPING

Outcomeverified technology
Outcomefunctional sample
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MAIN PRODUCTS (OUTCOMES) OF THE CORNET MISCANVALUE:

1. Verified technology for growipg 8 the posimining soil with processing of raw

materials tdioproductgapproved by UJEP)

Functional Sample of biochar (approved -GyJ2$B

Functional Samples of insulation materials and puldRTIUD

Verified technology for production of paper (PTS) ‘

Functional Sample of Paper (PTS)

VYSOKA SKOLA BANSKA ~ TECHNICKA UNIVERZITA OSTRAVA

Verifiedtechnology for productiorbimichaunder evaluation at VBBO) Centrum transferu technologi

POTVRZENI

ev.&.:015/05-05-2022_F
Potvrzeni o pFevzeti ,Evidentniho formulife“ s ndzvem:

w»MiscantChar*

Puvodce(i): Pavel Lesetinsky
Barbora Grycovi
Katefina Klemencova

Pfedané dokumenty:

Evidentni formulaf (celkem 3 strany),
CD s Eviden¢nim formulafem.
Zpisob piedini:

Pani Ing. Barbora Grycova, Ph.D. pfedala Evidenéni formuldf spolu s CD osobné pracovnici CTT
Hane Janackové dne 5. kvétna 2022.

V Ostravé, dne 5. kvétna 2022 e
| entrum
9720\ transferu
NST88 | technologii | /
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vicis
Dynamic of Morphologual and Physlologu:al [’mmeters and
Variation of Soil Ch istics during M H
Cultivation in the Diesel-Contaminated Land

&8

Valentina Pidlisayuk , & . Aigeri irova 37,

Ofeksandr Kononchuk * and Sergey Ust'ak *

. agronomy

Artade

Mi. I Phy diation of Soil
Conhmmated ‘with Trace Elemenls as Influenced by the
Presence of Plant Growth-Promoting Bacteria

", 12, 0, A0, Pavel Kuean !,
Joned Trigl 1 and Pavie Shapoval ¢
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Souual of Bevirormental Managemsent 290 2021) 112811

‘onteats lists available at SiesceDisect [ ——

Journal of Environmental Management

ELSEVIER
Research asticle )
Miscanthus biochar value chain - A review 8

Valentina Pidlisnyuk *, Robert Ato Newton ™, Aigerim Mamirova "

Environmental Technology & Innovation 28 (2022) 102498

Contents lists available at ScienceDirect

Environmental Technology & Innovation

ELSEVIER Journal homepage: www elsevier com/ocateeti

Evaluation of the impact of varied biochars produced from M. L)
x giganteus waste and application rate on the soil prupertles =i
and physiological parameters of Spinacia oleracea L.

Oleksandr Kononchuk®, Valentina Pidlisnyuk®, Aigerim Mamirova "<,

Volodymyr Khomenchuk*, Andriy Herts ", Barbora Grycova ?,
Katefina Klemencova “, Pavel Lestinsky “, Pavlo Shapoval ©

- agronomy (MbP1
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Articte

Impact of Plant Growth Regnlatol’s to Development of the

Second G Energy Crop M1 Xg
Produced Two Years in inal Post-Military Soil
Valentina Pidlisnyuk 'O, Tatyan : >, Artem Medkow >4 s,

Vit Stadnik 53 and Martyn Sozanshy 55

0 Techowtogy.

CELLULOSE CHEMISTRY AND TECHNOLOGY

CHARACTERISTICS OF PULP OBTAINED FROM MISCANTHUS x
GIGANTEUS BIOMASS PRODUCED IN LEAD-CONTAMINATED SOIL.

VALENTINA PIDLISNYUK.  TATYANA STEFANOV
3 TATIANA ZELENCHU

A VALERI BARBASH™

“ech Republic
“ National University of U and Envirommersol Sciences, Kyiv. inine
“National Technical Universiy of Ubpaine. fgor Sikorsky Kiv Polysecknic instirute.
Kyiv. Ukraine
* Corresponding wutbor: V. Barbash, v barbath @i s

Article

The Short-Term Effects of Amendments on Nematode
Communities and Diversity Patterns under the Cultivation of
Miscanthus x giganteus on Marginal Land

Tatyana Stefanovska ', Andrzej Skwiercz %, Valentina Pidlisnyuk *, Oleksandr Zhukov *, Dawid Kozacki %,
Aigerim Mamirova %, Robert Ato Newton * and Sergey Ust'ak &

* Department of Enlnmnlng) Inirgated Fe smogement el Pt Quseniioe,
03041 Kylv, Uksaine
Research 1,

96-100 Skiemiewice, Poland

Publications:
7 IF papers published
2 under preparation



International Conference on
Green Technology,
TVIP 202Hustopece Prague, Septembe8,2021

— ® co
N WP

B -
% e

w7

Questionsiat
sli.do

4151764,

= .

Kyiv, Ukraine, October 11, 2021 (online)
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B MILITARY SITES CLEANING

NEW PHYTOTECHNOLOGY FOR CLEANING CONTAMINATED MILITARY SITES



FUTURE GOALS

Broader implementationifgphytotechnology for revitalization of military sites in Ukraine after Ukrainian
Victory (as for June 2022 there were 82.000 military contaminated/damaged sites)

OCTOBER 8, 2022
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