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A Employment: Assistant Professor at Department of Industrial Products and
(2013717 now) Packaging Quality, Institute of Quality Science,
P o z nW@niersity of Economics and Business, Poland

A Master thesis (2004): P o z n &dversity of Technology, Faculty of Chemical
Technology, Institute of Chemical Technology and Engineering, Poland

Thesis title: &he role of selected additives in gasoline fuelb

A PhD thesis (2013): P o z n @n{®rsity of Economics, Faculty of Commodity Science,
Department of Commodity Science and Ecology of Industrial Products, Poland

PhD thesis: &he influence of surface properties of washing powders solutions on their
laundering effecto

A Professional experience: Working in the pharmaceutical, food, automotive, household
chemicals industry, the abrasives industry in the positions of. Production Manager,
Production Area Leader, Quality Engineer, Technologist.

A Scientific activity: research interests in the following areas: industrial waste
management, reuse of industrial waste, circular and sustainable economy, zero waste
strategy, protection of the natural environment, water and wastewater treatment, water
guality, adsorbents and biosorbents, adsorption and biosorption processes, removal of
metal ions from industrial wastewater, detergents, surfactants and their use in industrial
products, biofuels.
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Sustainable waste management

(in terms of green purification of heavy metal
pollution from aquatic environment)
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A waste management system is the strategy an organization uses to
dispose, reduce, reuse, and prevent waste. Sustainable waste management
aims to address the long term pressures through the recovery, recycling, and
reuse of resources and the minimisation of waste streams. This includes the

management of resources in an environmentally sound and economically
effective manner.

Analysis

Collection

Recycling / Disposal /

')
'-: WASTE =

\ MANAGEMENT -

Recovery

Tra ns}:ortfktia;fz
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CIRCULAR ECONOMY LINEAR ECONOMY

TAKE MAKE DISPOSE
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Directive (EU) 2018/851 of the European Parliament and of the Council of
30 May 2018 on waste (amending Directive 2008/98/EC of the European
Parliament and of the Council of 19 November 2008).

The main idea of the Directive is the following statement:

AVaste management in the Union should be improved and transformed into
sustainable material management, with a view to protecting, preserving and
improving the quality of the environment, protecting human health, ensuring
prudent, efficient and rational utilisation of natural resources, promoting the
principles of the circular economy, enhancing the use of renewable energy,
increasing energy efficiency, reducing the dependence of the Union on
imported resources, providing new economic opportunities and contributing to
long-term competitiveness. In order to make the economy truly circular, it is
necessary to take additional measures on sustainable production and
consumption, by focusing on the whole life cycle of products in a way that
preserves resources and closes the loop. The more efficient use of resources
would also bring substantial net savings for Union businesses, public
authorities and consumers, while reducing total annual greenhouse gas
emissions.o
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End-of-waste criteria specify when certain waste material ceases to be "waste"
and takes on the status of a new product.

End of life-cvcle Extension of lifespan New life-cvele

Zero Waste
Sacial
Business
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Solid industrial waste

Agricultural and
food waste

l

By-products of
wastewater
treatment

v

Power plant
by-products

l

Dried pomace:
Elderberry
Gooseberry

Paprika
Blackberry
Brewer 0s
Blackcurrant
Chokeberry
Strawberry
Raspberry
Rosehip
Apple
Rockwool from the
cucumber plant

Fly ash and slag
from the
incineration of
municipal sewage
sludge (CFBC

r a teahrwlogy)

Fly ash from
from the
incineration of
sunflower
(20%) and
wood (80%)
waste (CFBC
technology)

\

Wood industry
waste

l

Activated carbon
from the
carbonization of
the compressed
pellets of pine
wood sawdust

Adsorbents for the
removal of heavy
metals from water




Treatment of industrial

wastewater

Recovery of valuable

Removal or neutralization

ingredients of pollutants
Physical | Chemical Biological Destruction
methods || methods methods
Mechanical Thermal
Coagulation Biological
_ deposits Flooding
Filtration Evaporation || Flocculation
Drawl Distillation Neutralization Activated Combustion
. sludge
Sedimentation | Extraction Precipitation method Disinfection
Flotaton [| Freezing Adsorption
Oxidation
lon exchange




(&) fenaanes - Heavy metals - sources of their
e SRS origin in the environment

Natural

U Volcanic dusts and gases

U component of the earth's
crust

U Rock weathering and
erosion

U Evaporation from land and
ocean surfaces

U Forestfires

U Soil formation processes

cC: C:

cC: C: C: C:

Anthropogenic

Energy industry
Communication, transport,
fumes

Municipal economy

Landfills

Chemical industry

Fertilizers and waste used for
fertilization

Power industry based on the
combustion of hard coal and
lignite

Ore mining and metallurgy
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Emission of heavy metals in Poland el
from the main sectors in 2010

o As Cd Ni Pb
Source of emission
[ka] [ka] [ka] [ka]

Combustlon_ processes in the production and 5 779,64 3903,41 44 621.63 27952, 36
transformation energy sectors
Combustion processes outside industry 1914425 31222,96 86 196,50 176 198,57
Combustion processes in industry 18 694,75 6 005,28 20 071,11 227 534,00
Production processes 887,50 2 454,35 5919,77 73 969,84
Road transport - 456,08 6 527,30 16 903,30
Other vehicles and devices - 92,03 945,21 214,14
Waste management 2,04 122,70 4,09 1 431,45
Total 44 508,18 44 256,81 164 285,61 525 203,66

Source5 S 35 WA {Nd IZRSkétakk i | ¥ A S§20102.0cenazanieszczyszczenpwietrzametalamiO A t i WwaYoraz ocena
& | OLJRBM2,5 na stacjachii Wdgionalnegow Polscew latach20102011t I Z &  Méhigodng| N2 R 2 glhsiekdjaOchrony
| N2PR2gA &I
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Fruit harvest in Poland
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5200
5000
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4200

Fruit and vegetable harvest in Poland

Al. Niepodlegtosci 10
61-875 Poznan, Poland
phone +48 61 856 90 00
www.ue.poznan.pl/en

Vegetableharvestandyield in Poland

5279

4795

2011-1015 2015

5705
5610
5271
I 5019
2016 2017 2018 2019

Source: Statistical yearbooks of the Polish Central
Statistical Office
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Fruits

w.ue.poznan.pl/en

Apples

Pears

Sour cherries

Plums

Sweet cherries
Peaches
Apricots

Strawberries
Raspberries

Currants

Gooseberries
Chokeberries

Highbush blueberries

Total

The amount of fruits [thousand tonnes]
2004 2009 2010 2011 2012
2 522 2 626 1878 2 493 2877
87 83 47 63 65
202 189 147 175 175
133 121 84 92 103
48 51 40 38 41
14 13 9 9 9
5 5 3 4 3
186 198 153 166 150
57 81 93 118 127
195 196 196 170 195
20 16 14 15 16
38 37 53 48 51
4 11 9 9 11
3521 3 646 2744 3415 3843

2013

3085
76
188

102

48
10

193
121

199

15
58

13

4129

Source: Central Statistical Office (GUS), plant production output, GUS Agricultural Statistical Yearbooks, 2013.
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i SRR Structure of berry growing
In Poland

Chokeberries Gooseberries

Highbush >7 _\

blueberries
6%

Strawberries
32%

Currants
32%

Source: The Institute of Agricultural and Food Economics i National Research Institute (IAFE-NRI) and GUS data, 2013.
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Raw material not used in end
products T processing waste
materials
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Production process

The amount of raw material not
used in end products [%]

Production of canned fish

Production of fish fillets, salted fish
Cattle slaughter and beef processing

Pig

slaughter and pork processing

Poultry slaughter and processing of poultry meat

Yoghurt production
Production of cheese
Production of white wine
Production of red wine

Production of fruit and vegetable juices

Production of canned fruit and vegetables

Production of vegetable oils
Production of corn starch

Production of starch from potatoes

Production of wheat starch

Production of sugar from sugar beet

30 - 65
50 - 75
40.52
35
31-38
2-6
85 - 90
20 - 30
20 - 30
30 - 50
5-30
5-30
41 - 43
80
50
86

Source: AWARENET Final Report 2001-2004



[ e Costs of using selected commercial

Syl HBEIENES adsorbents and biosorbents
Adsorbent Price[euro/kg]
Activatedcarbon(Filtrasorb 173
400) '
Activated carbon(wood) 0.8-0.9
Biogasplant fly ash 0.16
Bentonite 0.08
Chitin 12.4¢ 16.5
Chitosan 13.2
Coconutshellcharcoal 0.28
Activatedcarbon(commercia) 16.5
Granularactivatedcarbon
: 2.7
(commercia)
Commonclay 0.01
Uncrosslinkeathitosan 4.1¢ 8.3
Perlite <1.2
Ductile cellulose 0.88
Starchxanthagenate 0.82
Sugarbeet pomace 0.21

Al. Niepodlegtosci 10
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Fruits and
vegetable waste

Agricultural
harvest

Industrial processing

‘Food

Fruit & vegetables Biosorbents

Food added with fruit
and vegetables by-products
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The composition contains at least 50% dietary fiber and a significant
level of antioxidants:

glutamic acid, aspartic acid, arginine, lentin, glycine, alanine, valine,
Isoleucine, lysine, phenylalanine, proline, serine, threonine, histidine,

cysteine, tyrosine, methionine, hydroxyproline, tryptophan, taurine,

ornithine
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Preparation of

Paprika biosorbents

Drying in oven

Elderberry at 50 UC:

} 330

Crushing, grinding "

and sieving d‘.""'
(0T 212 em)
Gooseberry
Drying in oven
at 50 UC
Blackberry

Ready to use




Adsorbent

Aqueous solution with metal ions:
contact time, initial pH, initial
comcentration, adsorbent dosage

Batch Drying
adsorption Grinding
procedure Sifting ( <212 em)

Prepared adsorbent
BET, BJH
FT-IR
SEM - EDS
Shaking
TGA, XRD,
Zeta Spinning
potential
Standard metal Filtrate
for F-AAS 1 g/L
Jom
6em®
10.em? Determination
of pH

Standard solution
for F-AAS

Calibration curve

Precipitate

Filtration
washing

Drying

Adsorbent after adsorption

Metal ion concentration
measurement F-AAS

FT-IR

SEM/TEM




Removal efficiency of Cu(ll), Cd(ll), Fe(lll) using berry biosorbents

Biosorbent Maximum Maximum
"\Nas_t? Metal adgorptlon adsorpt.lon Experimental conditions
Il =7 O efficiency capaciy
0.212 mm [%0] [mg/g]
sorbent dosage 50 g/L, initial pH 3, initial C, = 10
Sy 2l Gl mg/L, 200 rpm, 23 U Ccontact time 60 min.
Paprika - -
: sorbent dosage 30 g/L, initial pH 4, initial C, = 10
e Cadlh 455 0.1 mg/L, 200 rpm, 23 U Ccontact time 60 min.
annuum L.)
sorbent dosage 100 g/L, initial pH 3, initial C, = 9.2
) 99.1 1.92 mg/L, 200 rpm, 23 U Ccontact time 60 min.
sorbent dosage 5 g/L, initial pH 4, initial C, = 11.7
Culh 4.4 3.4 mg/L, 200 rpm, 23 U Ccontact time 60 min.
Elderberry o -
sorbent dosage 2.5 g/L, initial pH 5, initial C, = 10
(Sna}gwrl;ul_c l)JS celll) o8 0.63 mg/L, 200 rpm, 23 U Ccontact time 60 min.
sorbent dosage 100 g/L, initial pH 2, initial C, = 10.6
Fe(iil 99:5 33.25 mg/L, 200 rpm, 23 U Ccontact time 60 min.
sorbent dosage 100 g/L, initial pH 4, initial C, = 11.7
) >7 1.43 mg/L, 200 rpm, 23 U Ccontact time 60 min.
?R?i(t)):bue\:g cd(in 55 7 0.39 sorbent dosage 100 g/L, initial pH 4, initial C, = 11.7
) ' ' mg/L, 200 rpm, 23 U Ccontact time 60 min.
crispalL.)
sorbent dosage 100 g/L, initial pH 3, initial C, = 10.7
) st L mg/L, 200 rpm, 23 U Ccontact time 60 min.
Blackberry cu(in 99.03% 118.02 sorbent dosage 40 g/L, initial pH 3, initial C, = 25

(Rubus L.)

mg/L, 150 rpm, 23 U Ccontact time 60 min.
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Material characteristics:

barley malt, barley, wheat malt, wheat, rice, corn
subjected to the brewing process

Ingredients:

protein, crude fat, crude fiber, crude ash, starch,
carbohydrates, lysine, methionine, phosphorus P,
calcium Ca, sodium Na, potassium K, magnesium Mg

grain

=S

Al. Niepodlegtosci 10
61-875 Poznan, Poland

phone +48 61 856 90 00
www.ue.poznan.pl/en
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Ry ARSI Chemical composition:ef br
grains based on literature review
Chemical composition [%, dry weight]
Ref.
Cellulose  Hemicellulose Lignin Protein Lipids Ash Phenolics  Starch
51 no data 23.4 9.4 4.1 [1]
25.4 21.8 11.9 24 10.6 2.4 [2]
45 19.6 20.3 4.1 [3]
21.9 29.6 21.7 24.6 1.2 [4]
60.64 9.19 24.39 6.18 2.48 [5]
25.3 41.9 16.9 ' ' 4.6 [6]
21.73 19.27 19.4 24.69 4.18 [7]
16.8 28.4 27.8 15.2 4.6 [8]
26 22.2 ' 22.1 1.1 [9]
12 40 18.5 14.2 13 3.3 2 2.7 [10]
40.2 ' 56.74 6.41 2.5 2.27 ' 0.28 [11]
31-33 20-22 15-17 6-8 ' 1-1.5 10-12 [12]
' 22-29 13-17 20-24 ' ' 2-8 [13]
45.9 12.6 20.3 4.1 ' [14]




General scheme of beer production

malting milling
Al

germination

plate heat exchanger  whirlpool separator

lauter tun mash mixer
fermentation maturation filtration flash pasteurization packaging
excess yeast

green beer —

fermentation vessel maturation tank filtration unit plate heat exchanger

filling and crowning tunnel pasteurization

(=]
R ao A
2 AgR f )
000 M
3 &
= ‘& o

bottles

[ processes:
malting
milling
mashing
lautering
boiling
fermenting
conditioning
filtering
packaging
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Global beer production 19981 2020
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Main producers of brewero s

grains in Poland (2006)

Kompania Piwowarska

S A t ywi ec S. A. Carlsberg S.A.
A . 0 . 0
Polish market share: 34% Share: 31% Share: 15%
Tychy: 85 000 t tywhec: 70 0850000t
_ Wd’;\rka}. 40 000 t o
Pozna /75 0 eUOa'sk' 308066((‘)”1. 0 000 t
Bi agystok: 2 EIOblgﬁlC&)Ot lerpC: 12 000 t
Total: 186 000 t Total: 168 000 t Total 82 000 t

Total: 436 000 t

Other other Polish regional producers with unstable beer production -
share of approx. 20% - 109 000 t/year
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Feed for farm animals

Base for the production of innovative feed - Hedi Gold
Modified pulp in the production of edible mushrooms
Gasification biomass

An additive to fossil fuels in power plants

New perspectives: as biosorbent for heavy metals removal from
wastewater

To o o o Do I {ee
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Brewer 0s spent grains
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Brewer 6s spent

for heavy metal removal

grains .S Qo
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Drying in oven

Ready to use as a

at 50 UC biosorbent
Crushlng., gr.lndlng Drying in oven Possibly

and sieving o
at 50 Uc activation

(071 212 em)



Removal efficiency of Cu(ll) and Cd(ll)
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using brewer s spent grains
Biosorbent Maximum | Maximum
__\Nas_tc? Metal ads_o_rptlon adsorpt_lon Experimental conditions
I =1 O efficiency capaciy
0.212 mm [%0] [mg/qg]
sorbent dosage 100 g/L, initial pH 4, initial
Cu(l 95.8 88.76 C, = 10 mg/L, 200 rpm, 23 U Ccontact time
Brewends 60 min.
grains sorbent dosage 10 g/L, initial pH 4, initial
Cd(ln 93.9 85.85 C, = 10 mg/L, 200 rpm, 23 U Ccontact time

60 min.

A Kalak T. AWy k o r z gdpadwupapiodukcyjnegav p r z e nbyoddrniczymdop r o ¢ eisuwaniaj o n metalizeSc i e k -

(The useof postproductionwastein the brewing industry for the removalof metalions from wastewater)Xll Interdyscyplinarna
KonferencjaNaukowaTYGIEL 2020A | nt er d y s &lycpemdon a rz waL$hlinpPoland,24.09.2020 (prezentacjgosteru

naukowego)

A Kalak T., WalczakJ., Ulewicz M. Adsorptive Recoveryof Cd(ll) lons with the Use of PostProductionWaste Generatedn the
Brewing Industry Energies 14, 17, 2021, 5543 https//doi.org/10.3390en 4175543

A Kalak T. Theuseof postproductionwastegeneratedn the brewingindustryfor the effectivebioremovalof Cu(ll) ions Desalination
andWaterTreatmentunderreview




SRe POZNAN UNIVERSITY

P s Wastewater treatment plant -

61-875 Poznan, Poland

phone +48 61 856 90 00

In Bydgoszcz (Poland)
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Wastewater treatment plant

In Bydgoszcz (Poland)
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In Bydgoszcz (Poland)

A Sewage sludge neutralization

!
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Mechanical part

Sikag o

aeration, sedimentation
or thermal influence
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Mechanical part

7>




