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1. FIRST AND LAST NAME 

Jakub Konrad Drewnowski 

 

2. AWARDED DIPLOMAS AND ACADEMIC DEGREES 

2005 - Master's degree in Environmental Engineering in the field of Sanitary Engineering at 
the Faculty of Civil and Environmental Engineering at the Gdańsk University of Technology, 
master's thesis "Application of new filtration materials in groundwater treatment" with a grade 
“very good”. 
2012 - obtaining the Doctor degree of technical sciences in the field of environmental 
engineering with the specialty of water and wastewater technology at the Faculty of Civil and 
Environmental Engineering of the Gdańsk University of Technology, the title of the doctoral 
thesis "The influence of free-substratable substrate on the kinetics of biochemical processes in 
activated sludge chambers" honored with the Gdańsk Scientific Society and Mayor of the City 
of Gdańsk award. 
 

3. EMPLOYMENT HISTORY IN RESEARCH INSTITUTES 

2005: University of Palermo, Sicily, Italy, partial studies: second-cycle, master's studies under 
the Socrates-Erasmus program, position: student / practice in research projects 

2005 - 2007: Centrum Badawczo-Wdrożeniowe UNITEX sp. z o.o., position: specialist for 
water treatment 

2006 - 2009: Gdańsk University of Technology, Faculty of Civil and Environmental 
Engineering, position: PhD student 

2009: University of Castilla de La Mancha, Ciudad Real, Spain, partial studies: third degree, 
doctoral studies under the LPP-Erasmus program "Practice" 

2009: Research and Development and Scientific Center for the Natural Restoration of CIDRA 
"ALQIMIA", Daimiel, Spain, positions: intern 

2009 - 2012: Gdansk University of Technology, Faculty of Civil and Environmental 
Engineering, position: doktorant / asystent 

2012 - until present: Gdańsk University of Technology, Faculty of Civil and Environmental 
Engineering, Department of Sanitary Engineering, position: adiunkt 

2014: Polytechnic University of Valencia, School of Civil Engineering, Dept. of Hydraulic 
Engineering and Environment, Walencia, Spain, position: visiting professor under the LPP-
Erasmus program "Practice" 
2017: Durban University of Technology, Institute of Water and Wastewater Technology, 
Durban South Africa, position: visiting professor under the "Mundus" LPP-Erasmus program 
2018 - until now: Tongji University, Faculty of Civil and Environmental Engineering, 
Shanghai, China, position: professor - contract under the One Belt-One Road program of the 
Chinese government for 2017-2019 
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4. IDENTIFICATION OF AN ACHIEVEMENT RESULTING FROM ARTICLE 16, 
SECTION 2 OF THE ACT ON ACADEMIC DEGREES AND TITLES AND ABOUT 
DEGREES AND TITLES IN THE FIELD OF FINE ARTS OF MARCH 14, 2003 (Dz.U. 
[Journal of Laws] No. 65, item 595, as amended) 
 

4.1. TITLE OF THE ACHIEVEMENT 

A series of monothematic publications:  

"Modeling and optimization of biochemical unit processes for intensification of biogenic 

compounds removal and increase of energy efficiency in wastewater treatment systems". 

 

4.2. PUBLICATIONS WHICH ARE THE PART OF SCIENTIFIC ACHIEVEMENT 

1. Swinarski M., Mąkinia J., Stensel H. D., Czerwionka K., Drewnowski J. (2012). 
Modeling external carbon addition in combined N-P activated sludge systems with an 
extension of the IWA Activated Sludge Models // WATER ENVIRONMENT 
RESEARCH. -Vol. 84, nr. 8, s.646-655. 20 points in the evaluation procedure of the 
Polish Ministry of Science and Higher Education, IF: 1,090. 

2. Kopeć Ł., Drewnowski J., Kopeć A. (2016). The application of moving bed biofilm 
reactor to denitrification process after trickling filters// WATER SCIENCE AND 
TECHNOLOGY. Vol. 74, nr 12, 2016, s. 2909-2916. 20 points in the evaluation 
procedure of the Polish Ministry of Science and Higher Education, IF: 1,247. 

3. Drewnowski J., Fernandez-Morales F. (2016). Heterotrophic Anodic Denitrification 
in Microbial Fuel Cells// Sustainability. Vol. 8, issue 6, 2016, s. 561-570. 20 points in 
the evaluation procedure of the Polish Ministry of Science and Higher Education, IF: 
2,225. 

4. Drewnowski J., Wiśniewski K., Szaja A., Łagód G., Hernandez C. (2017). The 
process generation of WWTP models for optimization of activated sludge systems, W: 
Environmental Engineering V, 2017, CRC Press, Taylor & Francis Group. 15 points 
in the evaluation procedure of the Polish Ministry of Science and Higher Education, 
IF: 0. 

5. Drewnowski J., Zmarzły M. (2017). The use of mathematical models for diagnosis of 
activated sludge systems in WWTP, International Conference on Advances in Energy 
Systems and Environmental Engineering (ASEE17), 2017, E3S Web of Conferences 
DOI10.1051/e3sconf/20172200037. 15 points in the evaluation procedure of the 
Polish Ministry of Science and Higher Education, IF: 0. 

6. Kopec Ł., Kopec A., Drewnowski J. (2018). The application of Monod equation to 
denitrification kinetics description in the moving bed biofilm reactor (MBBR). 
International Journal of Environmental Science and Technology. DOI 
10.1007/s13762-018-1829-1. 30 points in the evaluation procedure of the Polish 
Ministry of Science and Higher Education, IF: 2,491*. 

7. Drewnowski J., Zaborowska E., Hernandez C. (2018). Computer Simulation in 
Predicting Biochemical Processes and Energy Balance at WWTPs// The First 
Conference of the International Water Association IWA for Young Scientist in Poland 
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“Water, Wastewater and Energy in Smart Cities”/ ed. Cimochowicz-Rybicka M. 
Kraków: E3S Web of Conferences, s.1-12. DOI 10.1051/e3sconf/20183003007. 15 
points in the evaluation procedure of the Polish Ministry of Science and Higher 
Education, IF: 0. 

8. Drewnowski J., Remiszewska-Skwarek A. & Fernandez-Morales F.J. (2018). Model 
based evaluation of plant improvement at a large wastewater treatment plant (WWTP). 
Journal of Environmental Science and Health, Part A, 53:7, 669-675, DOI: 
10.1080/10934529.2018.1438821. 20 points in the evaluation procedure of the Polish 
Ministry of Science and Higher Education, IF: 1,561. 

9. Drewnowski J., Remiszewska-Skwarek A., Fudala-Książek S., Luczkiewicz A., 
Kumari S. & Bux F. (2019). The evaluation of COD fractionation and modelling as a 
key factor for appropriate optimisation and monitoring of modern cost-effective 
activated sludge systems. Journal of Environmental Science and Health, Part A, 
(certificate from the journal attached, publication status:accepted – in press). 20 points 
in the evaluation procedure of the Polish Ministry of Science and Higher Education, 
IF: 1,561.*. 

 

List of publications with scores (from Article 16 (2) of the Act of 14 March 2003 on academic 

degrees and academic title and on degrees and title in the field of art, Journal of Laws of 

2016, item 882, as amended in Dz. U. of 2016 item 1311) and the percentage of the 

postdoctoral researcher in the preparation of the publication. 

 

Position Number of 
points 

Percentage  
contribution in 

publication 

Number of points 
concerning contribution 

Impact  
Factor 

Ad. 1 20 10 2.0 1.090 
Ad. 2 20 35 7.0 1.247 
Ad. 3 20 90 18.0 2.225 
Ad. 4 15 50 7.5 0 
Ad. 5 15 90 13.5 0 
Ad. 6 30 70 21.0 2.491* 
Ad. 7 15 60 9.0 0 

Ad. 8 20 85 17.0 1.561* 
Ad. 9 20 40 8.0 1.561* 

Sum 175 59 103.0 10.175 
* five-year impact factor (IF) was adopted 

I estimate my average contribution in publications with IF to be 55%.  
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4.3. DISCUSSION OF THE ABOVE MENTIONED  RESEARCH WORK AIM AND THE 
RESULTS ACHIEVED WITH THE PRESENTATION OF THEIR POSSIBLE USE 
 
The legal provisions regarding the collection, purification and discharge of wastewater 

applicable in the European Union, including Poland, aim to protect the environment from the 
adverse effects of pollutants they contain. They impose an obligation to ensure at least the 
good status of surface water, which is associated with the need to reduce the load of nitrogen 
and phosphorus introduced into the environment. Achieving the assumed effect of reducing 
the amount of nitrogen compounds discharged from municipal wastewater treatment plants is 
associated mainly with the improvement of the efficiency of unit processes of biochemical 
processes, ie nitrification and denitrification carried out in bioreactors. This affects directly 
the functioning of large municipal wastewater treatment plants in Poland (above 100,000 pe), 
for which the permissible total nitrogen concentration in wastewater discharged to the 
receiver is 10 g N/m3, as well as medium municipal wastewater treatment plants (in the range 
of 10,000 - 99999 PE) for which this value is 15 g N/m3. In addition, the phenomena 
occurring in the bioreactor operating in the system of multi-phase activated sludge are 
characterized by a high degree of complexity resulting from the interaction between the 
processes of oxidation of organic compounds, biological nitrification and denitrification and 
biological excess phosphorus removal. At the same time, such a multiphase system works in 
highly dynamic conditions due to the variability in the amount and composition of wastewater 
flowing into the biological reactor and operational parameters [1]. The mathematical 
description of phenomena occurring in such a complex system requires knowledge of the 
theoretical basis of physical, chemical and biological processes, a reliable mathematical 
model and a consistent set of input data. Therefore, mathematical and computer modeling 
simulation of the above-mentioned unitary biochemical processes in wastewater treatment 
systems to improve the efficiency of biogenic compounds removal is now necessary for 
extending research possibilities that have limitations in reality (financial, operational, etc.) or 
optimization of existing or planned systems for obtaining a highly effective system. 

Hydraulic models, biokinetics or so-called activated sludge (Activated Sludge Model) 
have been used for many years in the science and practice of wastewater treatment. Observing 
the trends in the country and abroad over the past years, it can be noticed that mathematical 
modeling and computer simulation are increasingly becoming inseparable tools, both design 
and modernization processes, or optimization of wastewater treatment systems using activated 
sludge [2, 3, 4]. The most widespread approach to modeling the activated sludge process is to 
use the so-called biokinetic (mechanistic) models, the essence of which is the application of 
mathematical equations to the description of the kinetics of processes occurring during 
wastewater treatment by the activated sludge method [5]. A significant breakthrough in the 
field of active sludge modeling systems was the publication in 1987 [6] of the first model of 
activated sludge ASM 1 (Activated Sludge Model No. 1), i.e. a biokinetic mathematical 
model developed by a working group (Task Group on Mathematical Modeling for Design and 
Operation of Activated Sludge Processes) organized by IAWPRC (International Water 
Association on Water Pollution Research and Control), currently International Water 
Association - IWA. In the last decade, a number of biokinetic models have been developed 
(ASM2, ASM2d, ASM3, ASM3 + Bio-P etc.), which significantly broaden the possibilities 
compared to ASM1, enabling, among others, simulation of organic compound removal, 
nitrification, denitrification and/or biological phosphorus removal processes. A detailed 
description of the development of these models is presented in Mąkinia [7], however it should 
be noted that new models and / or modifications of popular ASMs are still being developed. 
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In recent years, more and more attention has been paid to the use of models and 
computer simulation to describe or develop new technologies and processes, including 
deamonification or anammox, used in wastewater treatment In addition, attempts are being 
made to include the description of various phenomena in standard ASM class activated sludge 
models [8], so that scenarios can be examined using mathematical modeling and computer 
simulation. very complicated or even impossible to do in reality. This applies, among others I 
am describing the kinetics of the denitrification process of the bioreactor with the moving bed 
biofilm reactor MBBR and the possibilities of intensification of heterotrophic denitrification 
in microbial fuel cell MFC (microbial fuel cells) technology. In these and many other 
situations, mathematical modeling and computer simulation are the only ways they are the 
only ways to determine the kinetics of biochemical processes, understanding the changes 
taking place, identifying new / accompanying phenomena, greenhouse gas emissions from 
laboratory and pilot gases, but above all from large cubic objects in wastewater treatment 
plants. Taking into account the production of energy from biogas or MFC as additional 
components in active sludge models leads to the necessity of introducing a very detailed 
description of the changes taking place there, and thus to the increasing complexity of these 
models, which results in a greater demand for input data. This, in turn, means lengthening 
simulation tests and increasing their costs, which is one of the most important barriers in the 
practical application of computer simulation in urban wastewater treatment plants. 

However, due to the visible progress in the application of simulation programs 
(AQUASIM, SIMBA, WEST, BIOWIN, GPS-X, etc.), the perspectives of using 
mathematical modeling in the process of implementing a computer aided system for 
wastewater treatment with activated sludge method are no longer just a distant future [5, 9] 
We currently have the necessary tools and experience, based on the use of appropriate 
software and measurement in the creation of innovative technological solutions, improving 
the processes of activated sludge. 

Currently, mathematical models and the results of computer simulations are a helpful 
comparative tool for forecasting various technological variants of the treatment plant 
operation and enable selection of the most advantageous solutions [9, 10]. The future of 
process solutions at wastewater treatment plants will be the full use of mathematical models 
implemented in the computer program along with the appropriate algorithm for biochemical 
processes running in the activated sludge bioreactor depending on continuous on-line 
measurements from designated independent points. Current solutions used in wastewater 
treatment plants usually do not have a control system based on a mathematical model. 
Biological treatment is mainly analyzed by taking measurements of dissolved oxygen, 
ammonium nitrogen and nitrates at designated bioreactor points and on this basis the aeration 
or dosing of reagents for chemical phosphate precipitation is controlled, which allows to 
increase cleaning efficiency and significantly reduce fixed operating costs. Although modern 
control of activated sludge systems in terms of energy efficiency is constantly being improved 
and / or introduced to the market, processes (including nitrification and associated aeration) 
remain a challenge. Hence, the next step should be the implementation of an integrated 
intelligent computer aided system controlling the wastewater treatment processes, so-called 
"Smart Process Control System", which will be a specific combination of on-line collected 
measurements on the inflow/outflow of sewage to/from the treatment plant in real time with 
data at selected points of activated sludge chambers, to ensure optimal conditions for the 
course of biochemical unit processes, such as nitrification, denitrification or increased 
biological dephosphatation. 

The implementation of this goal requires both specialist knowledge ("Human Expert"), 
as well as the use of modern computer tools or on-line measurement devices monitoring the 
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course of processes. Using the appropriate mathematical models and simulation programs, 
you can get an answer in a relatively short time whether and to what extent the change in the 
composition of sewage, technological parameters or environmental conditions will affect the 
efficiency of the process. For this reason, simulation programs are now widely used, not only 
at the design stage of buildings and their modernization, but also to optimize the operating 
conditions of treatment plants already in operation. To this end, research is continuing on the 
use of a mathematical model that, implemented in a wastewater treatment plant, could 
constitute a superior system of computer aided wastewater treatment along with the so-called 
algorithm. "Intelligent control" of biochemical processes depending on the current on-line 
data collected from the designated measurement points. 

In traditional terms, the system of predictive control of wastewater treatment processes 
using the activated sludge method works with measuring instruments to control executive 
devices (including blowers) of treatment plant bioreactors. This solution enables an efficient 
course of biological removal processes of organic compounds, nitrogen and phosphorus, 
depending to a large extent on the load of incoming sewage to the treatment plant and the 
amount of biodegradable organic matter. The device analyzes biological treatment by 
measuring dissolved oxygen, ammonium nitrogen and nitrates, and on this basis controls the 
aeration in some of the bioreactors associated with nitrification. What's more, this solution 
allows you to work independently or be integrated in the process equipment network of the 
object. Depending on the application, you can use data from one or even two independent 
measurement points to control, which allows for a more accurate assessment of wastewater 
compliance for biological treatment. In addition, process data can be displayed and managed 
(including in mathematical modeling) using Field Data Manager software. 
 

 
 
4.3.1. Discussion of the scientific purpose of the research 

 
 
The literature review showing the current state of knowledge regarding the current use 

of mathematical modeling and computer simulation in activated sludge systems indicates that 
it is important for the functioning of municipal wastewater treatment plants in the context of 
more stringent regulations on the removal of nutrients in treated wastewater with high energy 
efficiency. type of objects. In addition, modeling allows to extend scientific and research 
work as well as practical work in the field of optimizing unit biochemical processes in 
wastewater treatment systems to improve energy balance and efficiency of biogenic 
compounds removal. The growing awareness of this fact among scientists, decision-makers 
and exploiters of wastewater treatment plants in the country and in the world contributed to 
the implementation of many research works related to this topic. Despite this, there is still a 
need to answer the question about the possibility of optimal use of the organic carbon source 
to support the denitrification process in multi-phase sewage treatment and the search for 
effective methods of removing organic nitrogen fractions, especially in Polish conditions 
where we have an unfavorable C:N:P ratio. Computer simulation of highly effective 
wastewater treatment processes requires the development of new principles for the application 
of mathematical models and computer simulation in active sludge systems. The most 
important goal of the research undertaken and carried out by me to achieve the academic 
degree of habilitation was to improve the unit biochemical processes in both conventional 
systems (denitrification-nitrification), as well as through advanced technologies (including 
MBBR, MFC) for the removal of biogenic compounds , in particular nitrogen, crucial for the 
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further development of science, still not fully understood. Its achievement required the 
implementation of the following auxiliary objectives, corresponding to the subsequent stages 
of research: 

1) conducting theoretical and practical studies of the unitary biochemical processes 
occurring in multi-phase activated sludge systems, with particular emphasis on external 
carbon sources for intensification of the denitrification process and mathematical description 
of these phenomena in the form of partial models introduced into the comprehensive ASM2d, 
MANTIS2 model to modify the original proposed model by IWA; 

2) verification of the obtained results by conducting simulation tests in accordance with 
the developed method both in laboratory and pilot tests as well as in full scale for the 
application of advanced models for the optimization, control and diagnostics of municipal 
wastewater treatment plants 

3) determination of the rational scope of application of partial models and / or 
development and even modification of comprehensive models of activated sludge (eg ASM1, 
ASM2, ASM2d, ASM3, MANTIS) with particular emphasis on carbon sources for 
denitrification optimization in the context of conventional mechanical-biological treatment 
processes sewage as well as new, still developed technologies to improve the efficiency of 
biogen removal by means of intensification of the denitrification process in advanced 
systems, among others a bioreactor with a moving bed MBBR (moving bed biofilm reactor) 
and microbial technologies of MFC fuel cells (microbial fuel cells) 

 
My original contribution to the development of the scientific discipline consists in 

defining the principles of rational application of partial models in both conventional and new 
technologies still under development, including MBBR and MFC, including models 
describing the balance and energy efficiency, in a comprehensive model of municipal 
wastewater treatment plant, ie MANTIS2 during simulation tests performed in the GPS-x and 
WEST simulation program for selected wastewater treatment plants in Poland. Realized own 
research is innovative and the conclusions form the basis for rational planning of simulation 
tests both at the laboratory and pilot level, as well as at full technical scale in municipal 
wastewater treatment plants. The obtained results allowed to determine the rules for the 
selection of partial models and their possible modifications using the Model Developer tool, 
the scope of their inclusion in the comprehensive model of the treatment plant and the method 
of implementation of individual stages of simulation research depending on the research goal. 

Although such attempts have been made in the past and some recommendations have 
been made on their basis [11] or the models have been modified depending on the results of 
empirical research, there are no comprehensive recommendations regarding the rules for 
modifying individual stages of research in order to simplify them or even give up parts of 
them when it is justified by the purpose of the research and specific conditions. Modifications, 
which under certain conditions can be applied during simulation tests, reduce their time-
consuming and associated organizational effort. 

 
4.3.3. Discussion of the achieved results  

 
Depending on the purpose of modeling, various wastewater treatment systems (both 

classic technologies of a biological flow reactor, or a more advanced moving bed bioreactor 
(MBBR) or microbial fuel cells (MFC), etc., interactions between them will be distinguished 
The most commonly considered partial models in the classical wastewater treatment plant 
system are: hydraulic model of the system, inflow model, biological reactor model, 
sedimentation model and sludge processing model. This description can be detailed and 
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extended for subsequent ones / in technological levels of wastewater treatment in dependence 
on the detailed purpose of simulation research The biological reactor model can include, 
among others, biochemical transformation model, temperature model describing the heat 
balance for the reactor, hydrodynamic model, trans model oxygen, control models, 
diagnostics and a number of others [2, 6, 12] (Fig. 1). Each of these partial models has 
extensive theoretical foundations, the in-depth knowledge and understanding of which is 
necessary for its effective application in a specific developed waste water treatment 
technology or a comprehensive treatment plant model. 

 
MODEL OF ACTIVATED SLUDGE SYSTEM

HYDRAULIC PROCESS MODEL

SEDIMENTATION/
CLARIFICATION

MODEL

WASTEWATER
CHARACTERIZATION

MODEL

REACTOR MODEL

H Y D R O D Y N A M IC  
M IX IN G  M O D E L

(e .g . C S T R , p lu g  f lo w )

T E M P E R A T U R E  
M O D E L

O X Y G E N  
T R A N S F E R  

M O D E L

E n v ir o n m e n ta l 
c o n d it io n s

 in  th e  r e a c to r
(e .g . D O ,  te m p )

MODEL ASM

 
 
Fig. 1 Scheme describing the model of wastewater treatment plant as the sum of partial 
models developed using specialized GPS-x software for mathematical modeling and computer 
simulation (own work based on Mąkinia [7],  Meijer [13]) 
 
Ad. 1. As part of my studies on aspects of mathematical modeling and computer simulation, I 
undertook both theoretical and practical analysis of the most important partial models 
included in complex models of activated sludge (ASM), such as: hydrodynamic model of the 
biological reactor, temperature model, sedimentation model in secondary settling tank and 
model of oxygen transfer to activated sludge. With reference to the description of unitary 
biochemical processes (including denitrification-nitrification and biological increased 
dephosphatation) occurring in activated sludge. The analysis concerned the growth and 
distribution of various groups of microorganisms of conventional activated sludge systems 
and those occurring in MBBR technology or microbial fuel cells (MFC) - including 
hydrolysis processes of organic compounds and nitrogen compounds, collection of 
intracellular products, etc. 
The results of the research have shown that correct mapping of the hydrodynamic 
characteristics of a biological reactor, especially those operating in multi-phase mode 
(anaerobic, anoxic, oxygen) and its various configurations is of fundamental importance for 
the obtained results of computer simulation. For this purpose, marker tests are carried out, 
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also known as tracers using, for example, rhodanine or another marker in the real object, on 
the basis of which hydraulic flow of the liquid is determined - type of reactor. I conducted this 
type of research at the wastewater treatment plant in Gdańsk, Gdynia, Słupsk and 
Klimzowiec. The results of these tests were used in subsequent publications (Annex 4, point 
I.B., item  1,4,5,7,8, 9) indicated for achievement resulting from art. 16 sec. 2 acts from 
14.03.2003 on academic degrees and academic title, and on degrees and title in the field of 
art. Based on the analysis, I found that the method of mathematical description usually does 
not correspond to the model of the ideal reactor with full mixing or piston flow, therefore, 
based on the results of hydraulic tests, an approximate way of describing it in the model 
should be determined. For example, a plug flow reactor is often described in a mathematical 
model as a system of several smaller fully stirred reactors connected in series. At the same 
time, using CFD (Computer Fluid Dynamic) technology, two-dimensional (2D) and / or three-
dimensional (3D) simulation of the bioreactor can be performed to determine the distribution 
and rate of removal of the polluted pollutants or to detect dead zones. This type of research 
was additionally conducted as part of a research project entitled Computer-aided optimization 
of the nitrogen removal process in municipal wastewater treatment plants on the example of 
the Gdańsk-Wschód wastewater treatment plant "MNiSW (N523 069 32/2871) in cooperation 
with the Department of Hydraulics, Faculty of Civil and Environmental Engineering at the 
Gdańsk University of Technology. Conducted experimental studies of this topic showed that 
hydraulic tests should be performed at the beginning of simulation tests because their results 
determine the planning of further stages of research in a simplified or more advanced manner 
depending on the assumed goals. Thanks to these experiences, a publication (Annex 4, point 
I.B., item 4) was created "The process generation of WWTP models for the optimization of 
activated sludge systems" describing the methodology in the process of creating a 
comprehensive treatment plant model and showing the possibilities of optimizing unit 
biochemical processes to improve the removal of biogenic compounds and energy efficiency 
in activated sludge systems. 
The research included laboratory tests of conventional denitrification rate (NUR) tests and 
measurements of phosphorus release and uptake rates in the anoxic/oxygen phase (PRR-
PURanox/PURaer). Documentation was developed for their implementation, and then a 
specialized research device was constructed to measure the rate of biochemical processes in 
the activated sludge chambers, in the form of two non-flow reactors with a capacity of 
approx. 4 dm3, with the data measurement and archiving system (Annex 4, point I.B.1., item 
1). The next step was mathematical modeling and computer simulation while selecting the 
appropriate model of activated sludge from the ASM family of models, which is presented in 
the form of Petersen's matrix, is actually a collection of partial biochemical model describing 
a number of processes. They affect the number of microorganisms (growth, distribution) 
present in the modeled system and the availability of various substrates (fermentation, 
hydrolysis). In the description of these processes, the kinetic and stoichiometric 
characteristics of particular groups of microorganisms, the transformation of organic 
compounds, which are the source of nutrients and the collection of intracellular products, play 
a particular role. Limited availability of nutrients and growth factors, such as amino acids and 
vitamins, may limit the growth of microorganisms, even with sufficient availability of carbon 
compounds and energy sources. Microorganisms can extract carbon compounds from organic 
material available in wastewater (heterotrophs) or from carbon monoxide (IV) (autotrophy). 
The source of energy for the majority of microorganisms in the activated sludge are chemical 
transformations of an oxidation-reduction nature, in which the donor and acceptor of electrons 
can be both organic and inorganic compounds. The conducted studies of the subject showed 
that the phenomenon of collecting products inside bacterial cells is very complex, and the 
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control mechanisms are difficult to precisely determine due to, among others on the diversity 
of organic compounds that may provide a medium for heterotrophic bacteria. It is widely 
believed that the accumulation of organic compounds in the form of polymers is the main 
mechanism responsible for removing easily digestible carbon compounds from wastewater. 
The results obtained by me have shown that the existing numerous models of activated sludge 
(ASM1, ASM2, ASM2d, ASM3) and their modifications describe the processes of removing 
carbon, nitrogen and phosphorus in a very diverse way. This allows the selection of such a 
biochemical model that is best suited to the purpose of the study, taking into account the 
general principle that the simplest of mathematical models is used to achieve the assumed 
goals. Due to the fact that simulation studies with a complex biokinetic model of wastewater 
treatment plants, ASM2d (Activated Sludge Model No. 2d) was selected in accordance with 
GMP guidelines (Good Modeling Practice) [14]. For the calibration and verification of the 
model, the results of 4-day continuous measurements in the bioreactor on a technical scale 
were used in the MUCT/Bardenpho system at the Wastewater treatment plant in Gdańsk and 
Słupsk and the results of the basic biochemical processes (nitrification, denitrification, release 
and phosphate uptake) in laboratory conditions . Both analyzed systems (technical bioreactor 
and laboratory non-flow reactors) were compared using the ASM2d model, while the 
comprehensive model of wastewater treatment plants was built using the MANTIS2 model. 
For computer simulation, the specialized software GPS-x version 6.4 of the Canadian 
company Hydromantis was used, which is a leader in this industry branch. Sample of 
generating a complex model of WWTP by GPS-X program was presented in Fig. 2. 
 
 
 

 
Fig. 2 Sample of generating a complex model of WWTP by GPS-X program ver. 6.4. 
(Hydromantis, Canada) 
 
Conducted research in the GPS-X program ver. 6.4. (Hydromantis, Canada) the process of 
creating a comprehensive model of wastewater treatment plants along with its optimization 
fully confirmed the possibility of obtaining a very high efficiency of removing nitrogen and 
phosphorus compounds in the flow chambers of activated sludge in both MUCT / Bardenpho 
systems. During the simulation tests a series of scenarios were arranged on the calibrated and 
validated ASM2d / MANTIS2 model at different temperatures during the high (about 20 oC) 
and low (about 11 oC) periods. Optimizing m.in. aeration, internal recirculation or energy 
consumption, it was shown that the concentration of ammonium and nitrate nitrogen in 
sewage flowing out of both treatment plants was stable from trace values (below 0.1 mg 
N/dm3) to a few mg N/dm3, and the efficiency of removal nitrogen exceeded 90%, with the 
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possibility of energy savings. In addition, despite the use of a comprehensive new generation 
MANTIS2 model for the construction of a complete wastewater treatment plant (and not just 
a biological part as in ASM models), the part concerning settlers has to be modeled 
individually. The sedimentation process of the activated sludge in the settling tank should be 
conditioned by the purpose for which the model is to be used. This description may cover 
only the sedimentation process, understood as a physical phenomenon and presented in more 
or less detail, or take into account also the construction details of the settler, external factors 
(temperature, pressure) and even biochemical processes occurring in the settling tank (so-
called reactive settlers). The commonly accepted method of describing the sedimentation 
process is based on the theory of mass streams initiated by Kynch and developed in 
subsequent years [15]. According to this theory, the settler is described by means of a separate 
model (the so-called Simple 1D is divided into a number of layers (usually 10) and for each 
layer a mass balance is prepared separately based on the theory of mass streams. In most 
cases, construction of comprehensive models of wastewater treatment plants description one-
dimensional (Simple 1D) sedimentation process in the secondary settling tank is sufficient 
and, apart from special cases, there is no need to use models of reactive settlers. 
Mathematical modeling and computer simulation in the GPS-X program also contributed to 
the implementation of the project financed from the Innovative Economy Operational 
Program under Sub-measure 1.3.1 entitled "Innovative coal source for denitrification support 
in municipal wastewater treatment plants" (INCAS), in which I was the contractor of task 1 - 
kinetic studies (Annex 4, point II.J.1., item 3 and point II.J.2, item 6). The research was 
carried out additionally in cooperation with WERF (Water Environment Research 
Foundation) as part of the "Nutrient Removal Challenge" program, where in 2012 a 
publication (Annex 4, point I.B., item 1) was created based on the first results of the research, 
which were carried out on a technical scale of the mechanical and biological wastewater 
treatment plant "Wschód" in Gdańsk. The tests included conventional denitrification rate 
(NUR) tests performed on a laboratory scale as well as denitrification rate measurements 
during anoxic uptake of phosphates, which were used in a specialized research device to 
measure the rate of biochemical processes in activated sludge chambers (Annex 4, point 
I.B.1., item 1). Various coal sources were used for the research: conventional (municipal 
wastewater and methanol) and alternative sources (industrial wastewater from a distillery, a 
brewery and fish processing). In the second stage, the research on the adaptation of the sludge 
to methanol in a laboratory reactor (system A2/O) with a total volume of 27 dm3 set in the 
"Wschód" WWTP in Gdańsk was performed. The results of laboratory experiments 
confirmed that industrial wastewater from a distillery, brewery and fish processing plant used 
in the research can be used as an alternative source of coal for improving the efficiency of the 
denitrification process in municipal wastewater treatment plants. During conventional 
measurements of denitrification rate in a non-flow reactor, with industrial wastewater as a 
carbon source, single process rates were observed in the range of 2.4 to 6.0 g N/(kg smo·h). 
These values are higher compared to the results obtained without an additional carbon source 
and close to the results obtained using the easy-to-decompose COD fraction contained in 
municipal sewage after mechanical treatment. When the rate of denitrification was measured 
under anoxic conditions after the anaerobic phase, the addition of industrial wastewater 
usually resulted in an increase in NUR values compared to tests with municipal wastewater 
and methanol. At the same time, no significant negative impact on the process of anoxic 
phosphate uptake was observed. 
In experiments with methanol as an additional carbon source, denitrification rates 
(conventional measurement) with non-adapted sludge were very low and fluctuated within the 
limits of 1.4-1.6 g N/(kg biomass·h). Only after a period of two weeks of sludge adaptation in 
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the laboratory flow system A2/O, NUR values stabilized at the level above 4.0 g N/(kg 
biomass·h). After the methanol dosing was discontinued, the rate of denitrification began to 
gradually decrease and after four weeks it reached a value of about 2.5 g N/(kg biomass·h). 
The biological degree was carried out in a multi-phase process of activated sludge, with 
integrated removal of organic pollutants and nitrogen and phosphorus compounds, in a 
biological reactor MUCT, characterized by automatically controlled, variable oxygen 
conditions of the environment in the bioreactor. Due to the possibility of dosing an external 
carbon source to the anoxic zone to intensify the denitrification process, two modifications to 
the growth of phosphorus bacteria were introduced into the ASM2d model, including the new, 
readily decomposable organic fraction and aerobic and anoxic growth of phosphorus bacteria 
using readily soluble compounds . The modified ASM2d model was verified based on the 
results of laboratory tests with ethanol as an external carbon source (conventional 
denitrification rate measurement and measurement of the speed of this process during the 
atoxic phosphate uptake). Regarding the groundbreaking discoveries described in WER (1), 
the Water Environment Research Foundation has included a new active sludge model for an 
integrated nitrogen and phosphorus removal system with external carbon source dosing in the 
form of an "External Carbon Source Module" as an extension to the Sediment Model Active 
No. 2d (Activated Sludge Model No. 2d (ASM2d). "In addition to this project, we can 
distinguish several other important achievements: 
1) In order to carry out tests on a technical scale, a technical documentation was prepared, and 
then a station for dispensing an external coal source was built, in the form of a mobile, 2 m3 
container station, adapted for dosing flammable products (Annex 4, point II.B.2., item 3) . 
This station won the distinction in the competition INNOVATIONS 2012 at the Fair of 
Industrial Technology, Science and Innovation "TECHNICON - INNOVATIONS", Gdańsk, 
2012 (Annex 4, point II.K.2., item 1). 
2) With regard to leachate purification tests from the sludge management, such a pilot scale 
was used - tests in SBR reactors with a capacity of 4 and 10 dm3, as well as technical - 
experience in SBR reactors with a capacity of 4 m3 (wastewater treatment plant in Słupsk) 
and 7 m3 (wastewater treatment plant in Gdansk) (Annex 4, point II.B.1., item 1 and 3) 
3) Obtained results of kinetic studies on a laboratory, pilot and technical scale fully confirmed 
the possibility of using alternative sources of organic carbon, in the form of waste products 
from the distillation of spirit, as substances supporting the denitrification process in the 
activated sludge chambers of the main purification train, and removal of nitrogen in by-pass 
seepage water treatment systems. 
4) Based on the results of the performed tests, patent application No. P.403354 "A measure to 
support the process of denitrification of wastewater in municipal wastewater treatment plants 
in the conditions of persistent low ambient temperatures" was prepared and the proposed 
solutions have been implemented in the "Ruptawa" treatment plant in Jastrzębie Zdrój  
(Annex 4, point II.C.2., item 1-2) 
5) The results obtained in this project have been presented in numerous publications, 
including five in magazines with IF (Annex 4, point II.B.1., item 1). They were also presented 
at ten reputable international conferences (Annex 4, point III.B.1., item 11,12, 14-
16,18,20,21). 
 
Ad. 2 The method of application of partial models in the comprehensive model and the 
method of conducting simulation research, in addition to extensive theoretical foundations, 
must also take into account the direct reference to the practical aspects of the research. The 
experience accumulated by me during many years of simulation research in municipal 
wastewater treatment plants and conclusions formulated by various authors in the literature of 
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the subject indicate that the assumed research goal should determine the boundaries of the 
tested system, the required model accuracy and the planned scope of simulation research. 
Certain modifications of the simulation research stages are possible without deterioration of 
the simulation results, but they must be provided already at the planning stage. Undertaking 
such decisions at the stage of research implementation should be well thought out and 
substantively justified, and should never be the result of time pressure, excessively increasing 
research costs or temporary organizational difficulties caused by poor research planning [16, 
17]. 
Such modifications can be described as "optimization of the scope of simulation research to 
achieve the intended goal and taking into account the limitations resulting from financial and 
organizational capabilities" and this should not be understood as any resignation from 
performing the required activities under the difficulties arising during 
conducting research. Observations from my own experience have shown that the possibilities 
to modify the typical course of simulation research usually go in two directions: limit the 
amount of data needed and simplify the calibration and validation procedure of the model. 
Therefore, the amount of data needed to carry out the simulation can be significantly reduced 
already at the planning stage of the research. In this case, the scope of conducted simulation 
tests is the basic meaning, i.e. the boundaries of the modeled system. The object of research 
should be only those objects and processes that are necessary from the point of view of the 
designated goal. Taking into account in the model too many components and partial models 
increases the costs of obtaining data needed for calibration and validation of the model and 
reduces the relative importance of each factor taken into account. It also leads to an increase 
in the costs of simulation tests and reduces the usability of the model itself [18]. Similarly, the 
required accuracy of the model is not an absolute concept and depends on its use. It happens 
that an excessively complicated simulation model that requires a large amount of detailed 
input data is used to solve a relatively simple exploitation problem in the treatment plant. This 
results in the fact that the relation of the time and resources incurred to carry out simulation 
research to the obtained effects is clearly unfavorable, and the potential for effective use of 
simulation results is limited. Lower accuracy of the model does not mean giving up the 
necessity of identification and elimination of possible system errors in accordance with the 
procedure shown in Figure 3. 
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Fig. 3 Scheme of simulation tests according to HSG guidelines[19] (according to 
Langergraber from Mąkinia [7], Rieger i in.[20]) 
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The practice of conducting simulation tests shows that the calibration and validation of the 
model require the largest amount of data and this stage of simulation research has the greatest 
potential to make rational and reasonable modifications to simplify them. Although these 
stages of research are formalized under the so-called "protocols calibration, "the detailed 
scope and course of calibration of the model is always dependent from the specific purpose of 
simulation research and specific conditions. E.g, calibration can be significantly simplified 
when using simulation only comparative purposes, to determine the "directional" effects of 
the changes introduced, to service training, to develop emergency procedures or at 
verification of design solutions at the concept stage. The results obtained by me show that the 
modifications introduced at individual stages of simulation research 
they can take the form: 
- limiting the scope of the processes included (partial models), 
- the use of the simplest biochemical model that ensures achievement the intended purpose of 
research, 
- selection of the inflow model corresponding to the scope of possessed wastewater 
composition data and minimizing the need for additional tests, the use of historical data 
routinely collected in a wastewater treatment plant with simultaneous intensification of 
analytical control of the processes taking place in wastewater treatment plant well in advance 
of simulation tests, 
- limitation of the scope of biomass composition tests and biomass parameters in the reactor 
performed before preliminary simulations, 
- applying a calibration procedure for the model that will allow you to use as the most data 
already available, 
- resignation from dynamic calibration if it is justified by the purpose of the tests, 
- resignation from hydrodynamic calibration of the system or only verification 
its hydraulic properties, if the tested object has a simple hydraulic scheme, 
- determination of the sediment sedimentation rate based on the sludge index value, instead of 
column tests. 
 
Modifications to simplify individual stages of research, which in some circumstances may be 
acceptable in the process of conducting simulation research together with the resulting 
benefits and possible threats, I presented in the attached publications (Annex 4, point IB, item 
7,8,9). Collected during the doctoral studies in 2007-2009 experience, when I participated in 
the implementation of the research project entitled "Computer-aided optimization of the 
nitrogen removal process in municipal wastewater treatment plants on the example of the" 
Gdańsk-Wschód "treatment plant (Annex 4, point II.J.1., item 2), allowed further research 
work after the completion of the doctorate. The main part of the research was related to the 
development of two computer models for bioreactors of this treatment plant: a hydrodynamic 
chamber of the bioreactor with activated sludge (initially MUCT system in Gdańsk-Wschód 
wastewater treatment plant) and biokinetic ASM2d (Activated Sludge Model No. 2d) in the 
GPS-X program ver. 5.0.2 (Hydromantis, Canada). In order to determine the basic flow 
parameters for the first model, tracer tests and flow measurements at the inlet to the bioreactor 
were performed. In addition, the results of concentration determinations of selected indicators 
at selected points of the bioreactor were used. For the calibration and validation of the second 
model, the results obtained during the 4-day continuous measurements in the MUCT 
bioreactor and the results of nitrification, denitrification, release and phosphate uptake 
measurements in laboratory conditions were used. During the research in 2012, based on the 



Annex 4. 
Auto-abstract on the achievements of scientific and research activities, teaching and organizational  

of assistant professor (habilitation) candidate, PhD. Eng. Jakub Konrad Drewnowski 
 

 17

above-mentioned research work, two modifications could be introduced to the ASM2d model, 
resulting from the dosing of an external carbon source to the anoxic zone / chamber to 
improve the processes of biogenic compounds removal in MUCT bioreactors at the Gdańsk-
Wschód wastewater treatment plant. They concerned the growth of phosphorus bacteria on 
the new, readily decomposable organic fraction and modeling of aerobic and anoxic growth of 
phosphorus bacteria with the use of dissolved readily decomposable compounds as described 
and shown in Figure 3  in publication (Annex 4, point I.B., item 1).  
The principles of application of partial models formulated by me in the comprehensive model 
of wastewater treatment plants, aimed at simplifying simulation research, enable the use of 
computer simulation as an effective tool in operational and design practice. These principles 
were practically verified by me during simulation tests carried out in 3 stages concerning 3 
wastewater treatment plants: one of the so-called wastewater treatment plants. "Model" 
("Wschód" in Gdańsk, which was previously the subject of research and modeled pub 1, in 
this case it was a virtual model - for testing various scenarios and their confirmation in further 
research in reality) and two other real objects (municipal wastewater treatment plants in 
Gdynia and Klimzowiec). Matching the mathematical model was made using the necessary 
measurements and data from the wastewater treatment plant in Gdańsk. Such a calibrated 
model was then along with identical parameter values, implemented during numerical 
simulations in relation to the wastewater treatment plant in Gdynia and Klimzowiec. Due to 
the similar character of the wastewater treatment plant and wastewater flowing in the results 
of numerical simulation, in both studied facilities they were similar to those obtained directly 
in analytical and model measurements in Gdańsk. All tests ended with the achievement of the 
set goals, however, in each of the cases described, the simulation research plan was 
appropriately modified in terms of the purpose of the research, in accordance with the 
application of the partial model application developed by me. The slight discrepancies of the 
calibrated model due to, for example, the system in which wastewater treatment is carried out, 
geometrical quantities of individual phases of the activated sludge chambers or climatic 
conditions were individually considered and possibly eliminated in the modeling process. 
Differences in the research plans developed for individual wastewater treatment plants were 
as follows: 
a) In the case of research conducted on the "model" Gdańsk-Wschód model plant, the 
calibration and validation step of the model was omitted, because the subject of simulation 
research was the object described in detail during previous research campaigns in the 
laboratory, pilot and technical scale (as a virtual model that did not exist in fact, but based on 
historical data and the ASM2d model of the bioreactor of the Gdańsk-Wschód wastewater 
treatment plant, hence it was a good reference point for the recalibration of the model in a 
comprehensive model of the entire MANTIS2 treatment plant). 
b) For the simulation tests in the wastewater treatment plant in Gdynia, the ASM2d model 
was used, which has already been used in the past at the Gdańsk-Wschód treatment plant as a 
reference model. This allowed for a significant simplification of the model calibration, 
limiting this stage of simulation tests to verify the correctness of the comprehensive model 
and only verification of model parameters and possible recalibration of the biochemical model 
of the Carrousel biological reactor operating in the JHB system with simultaneous 
denitrification-nitrification in the GPS-x simulation program . 
c) The tests carried out in the Klimzowiec wastewater treatment plant were the most 
comprehensive and took into account all the relevant stages of simulation research based on 
previous experiments in previous wastewater treatment plants and specified in the universal 
GMP calibration protocol. The model includes a comprehensive description of wastewater 
flowing / outgoing unitary biochemical processes in the process of multi-phase activated 
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sludge. In this case, the overall model of the wastewater treatment plant in Klimzowiec was 
generated using the WEST program and implemented into the control system using molecular 
models described using the MAT-LAB program. 
 
The details of my research are included in the publications included in the scientific 
achievement (Annex 4, point I.B., item 7,8,9), and a synthetic description of the results 
obtained is presented below. 
 
Ad. 2a) The aim of my simulation research carried out using the model model of wastewater 
treatment plant was to show potential possibilities of limiting emissions of pollutants in the 
form of biogenic substances (N, P) in municipal wastewater treatment plants with 
simultaneous improvement of the energy balance of the treatment plant. I configured the 
wastewater treatment plant in accordance with the model model of a wastewater treatment 
plant in Gdańsk built on the basis of a calibrated and validated MUCT bioreactor model in 
ASM2d, including some minor modifications for practical reasons determining the adjustment 
of the model parameters and its calibration to MANTIS2. As factors influencing the amount 
of biogenic emissions (especially nitrogen) and energy balance of the treatment plant I chose: 
concentration of dissolved oxygen in the reactor oxygen zone, sludge recirculation, process 
temperature, sludge age, availability of organic substrate in the inflow expressed as 
suspension and colloidal compounds. The energy balance included energy demand for 
pumping, aeration and mixing of activated sludge, treatment of the sludge with its heating, as 
well as energy recovery from biogas produced during anaerobic fermentation of the sludge. 
The model I developed was based on the "Mantis2" model included in the GPS-x v.6.4 
program, supplemented with a biogas production module based on the UCTADM1 models. A 
detailed description of the wastewater treatment plant, performed tests and obtained results I 
presented in the attached publication (Annex 4, point I.B., item 7) which is part of the 
scientific achievement. The test results showed that among the studied factors the 
concentration of dissolved oxygen in the reactor oxygen zone has a decisive influence on the 
amount of biogenic substances removed. At the oxygen concentration at the level of approx. 
1.0-1.5 gO2/m3, the rate of unit biochemical processes (nitrification-denitrification) in the 
reactor was maintained at a constant level not exceeding 10 g N/m3. The decrease in oxygen 
concentration below this value caused a rapid increase in the production of N2O and CH4 in 
the reactor (data obtained during the simulation, but not published). On the other hand, the 
increased oxygen concentration increased the energy demand for aeration of activated sludge, 
with almost constant biogas production from the sediment, which worsened the energy 
balance of the treatment plant (energy consumption by up to 25% higher). This effect was 
observed both for lower (10˚C) in winter conditions and higher (20˚C) process temperature in 
summer conditions, although at lower temperatures the surplus energy in the overall 
wastewater treatment plant balance was lower. Studies have shown that an important factor 
affecting the amount of nitrogen removal of biogenic compounds is the availability of an 
organic substrate for the heterotrophic denitrification process. The deficiency of these 
compounds, expressed in the COD:Nog. <10 ratio, results in an increased amount of nitrogen 
in the outflow, but does not have a significant impact on the overall energy balance of the 
treatment plant. The age of the sludge, which is a determinant of the biological activity of the 
activated sludge biomass, mainly affects the energy balance of the treatment plant. Increasing 
its value above the typical level of 16-24 d increases the mineralization of activated sludge 
and has a clearly negative impact on the volume of biogas production in the process of 
methane fermentation of sediments. The obtained results indicate a significant potential of 
mathematical modeling and computer simulation to improve the energy balance and reduce 
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biogenic pollutant emissions occurring in municipal wastewater treatment plants using 
activated sludge technologies. 
Ad. 2b) In the next publication (Annex 4, point I.B., item 8,9) included in the work, having 
the calibrated and properly validated ASM2d model on the example of a wastewater treatment 
plant in Gdańsk, the research was extended. On this basis, in 2014, it was built in the GPS-x 
ver. 5.02 a model of a wastewater treatment plant in Gdynia (JHB system) and additional 
necessary measurements of the rate of nitrification, denitrification, release and collection of 
phosphates in laboratory conditions. In addition, for the verification of the model, rhodamine 
tracer tests and measurements of the flow rate at the inlet to the bioreactor were carried out in 
2016. In addition, as in the case of previous wastewater treatment plants, the results of 
concentrations of selected indicators (including COD, NO3, NH4, PO4) were used at 
designated points of the Carrousel bioreactor operating in the JHB system with simultaneous 
denitrification-nitrification, necessary in the GPS-x simulation program, to determine the 
amount and degree of pollution dissipation. Unfortunately, it turned out that the concentration 
of total nitrogen in these sewage significantly exceeded the permissible value, and was on 
average 14.1 g N/m3 (the share of organic nitrogen was approx. 25%). After the 
modernization (JHB system with the final simultaneous denitrification in the CAROUSELL 
system, with a significant increase in the volume of activated sludge chambers), the 
concentration of nitrogen compounds in purified sewage fell clearly below 10 g N/m3, and 
was on average 6.9 g N/m3 (including organic nitrogen was on average around 20%). The 
improvement of nitrogen removal efficiency in bioreactors was mainly related to nitrate 
nitrogen, however, a significant drop in organic nitrogen concentration from 3.4 (~ 1.51) to 
1.4 (~ 0.26) g N/m3 can also be observed. The dissolved fraction, whose share increased to 
over 40%, was dominant, although its concentration dropped on average to about 0.6 (~ 0.08) 
gN/m3. The fundamental change in nitrogen concentration in treated wastewater was obtained 
with the similar composition of wastewater directed to the biological stage. 
The comparison of the operation of the treatment plant in Gdynia before and after the 
modernization showed that greater importance for the final concentration of biogenic 
compounds in the outflow, especially nitrogen, is the bioreactor load of pollutants, related to 
the possibility of achieving greater hydrolysis efficiency of nitrogen-containing organic 
compounds and the process of ammonification than the configuration of the biological stage 
itself or characteristics of mechanically treated sewage. In addition, using mathematical 
modeling and computer simulation, it was possible to optimize the operation of wastewater 
treatment plants in Gdynia, therefore a positive energy effect was obtained by up to 20%, 
reducing the consumption of electricity from 0.53 kWh to 0.42 kWh per m3 of treated sewage 
than before modernization. The results of the computer simulation carried out using the 
above-mentioned values of the above-mentioned factors showed that it is possible to 
significantly reduce the emissions of biogenic compounds and improve the energy balance of 
the treatment plant compared to the initial conditions. 
 
Ad. 2c)  
The key element of the system's operation is the way of interpreting the signals received from 
measuring devices by the superior control system. Observing the trends in the country and 
abroad over the last years, one can notice that it focuses on increasingly efficient and energy-
efficient systems both during the design process, modernization and optimization of 
wastewater treatment using activated sludge [2, 5, 21]. From the point of view of the 
operation of the wastewater treatment plant, the aeration process as the most energy-intensive 
(even 50% of the operating costs of the whole treatment plant) requires optimization and 
continuous monitoring. The previous approach related to the control of the nitrification 
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process was based mainly on on-line measurements of the dissolved oxygen concentration, 
which allowed for some savings in the operation of wastewater treatment plants [22]. 
Although such a solution was considered in wastewater treatment as early as the early 1970s 
[23] and the first implementations of advanced aeration systems using an oxygen probe and 
programmable logic controller (PLC) improved the efficiency of the entire biological process 
flow system, only in years 90's has become a popular solution [22]. Hence, the majority of 
aeration systems working today are controlled on the basis of oxygen concentration 
measurement. Maintaining a constant value of oxygen concentration in the aeration chamber 
is usually effective, ensuring wastewater treatment to the values required by water-legal 
permission, however, it is not very energy-efficient, especially in case of high variability of 
the incoming sewage load. Insufficient oxygen concentration may result in insufficient 
wastewater treatment, while its excess consumes energy, while not improving the process. 
Oxygen concentration control is generally the most cost-effective method of energy 
optimization, as a properly operating aeration control system can save from 25% to 40% of 
the energy used in manually controlled systems. Furthermore the control of dissolved oxygen 
in the activated sludge chamber is commonly used to ensure optimal process conditions by 
modulating the air flow based on the oxygen demand and is a prerequisite for the application 
of more advanced control strategies in wastewater treatment plants [24]. 
Until recently, the control of processes occurring in the biological reactor was based on the 
results of on-line measurements of the dissolved oxygen concentration and the redox potential 
values. The full cycle of wastewater treatment could consist of three basic phases: aerobic 
(nitrification), hypoxic (denitrification) and anaerobic (phosphate release). The duration of the 
aerobic phase, during which organic compounds are removed, phosphate accumulation and 
nitrification, was determined in the master control program including the regulation of the 
dissolved oxygen concentration. After the end of the aerobic phase, the anoxic phase begins, 
during which the control system analyzes the results of redox potential measurements and 
identifies changes characteristic of the disappearance of nitrates in the environment. If the 
system determines that the course of redox potential changes is characteristic of the zero 
concentration of nitrates in the environment (so-called zero point detection), anaerobic 
conditions were maintained in the biological reactor for the time needed to release phosphates 
from PAO cells. In the event that the system does not detect the zero point, the anaerobic 
phase was interrupted after the programmed maximum time of its duration. 
Due to the introduction of cheaper and more reliable on-line measurements with ammonium 
nitrogen (NH4) and nitrite/nitrite (NOX) probes, new, more advanced strategies for controlling 
the wastewater treatment process, such as the control of ammonia based aeration ( ABAC), or 
the control of ammonia with nitrate (NOx nitrate + nitrite) so-called (AVN) (Amand et al., 
2013). This modern control called ABAC (Ammonia-Based Aeration Control) allows the 
change of oxygen value, depending on the concentration of ammonium nitrogen in the 
nitrification chamber. Properly attached to the control system of the wastewater treatment 
plant, it can also control the variable output of internal recirculation pumps depending on the 
nitrate nitrogen measurement. At the same time, it controls the reduction of nitrogen 
compounds so as to keep their value below the level required by water and legal permission. 
The ABAC system generates savings, at the same time reducing the consumption of 
electricity by blowers for aeration in the process of nitrification and the internal recirculation 
pump [20]. The regulation of aeration based on the ABAC system allows not only significant 
savings in electricity consumption for aeration (about 10-20%), but also increases the 
efficiency of denitrification due to the reduction of alkalinity and organic carbon consumption 
[20, 25]. It should be noted that there are two types of the ABAC system: ammonia based 
aeration control based on the feedback control strategy and feed-forward control. The 
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feedback control is based on direct measurement from the probe, while the leading control is 
based on interference measurement. In the "feedback" control, the controller compares the 
user-defined concentration of ammonia to the measured value taken online from a sensor 
located in the process fluid. The degree of difference in these values initiates the reaction 
from the controller by increasing or decreasing the oxygen concentration in order to maintain 
the desired level of ammonia. In turn, the predictive control is based on the measured 
efficiency of the process in the outflow, and therefore, with a large variation in the load in the 
sewage inflow, a delayed system reaction and error is possible before the process takes place. 
Backflow control is much more common in the water industry, however, it may have 
limitations in a highly dynamic system, such as wastewater treatment. The leading control has 
a greater complexity, but also the potential to achieve the best possible quality of wastewater, 
at the lowest energy costs [20], because it measures process disturbances, such as ammonia 
load, and moreover, it can use the model to predict the behavior of a controlled system. The 
aim is still to maintain a concentrated concentration of ammonia at a fixed concentration; 
however, the variable being audited is not directly measured. The intention of the ABAC 
feedforward control system is to use the time advantage to respond faster to disturbances in 
the inflow by raising the oxygen concentration in the bioreactor. In this way, the controller 
provides buffering capability to handle large loads, which may otherwise exceed the capacity 
of the system, which leads to a violation of the permissible levels of ammonia discharge 
standards. The biggest success of the feedback control strategy is therefore the measurement 
in terms of the ability to react to disturbances, which reduces the impact on the quality of 
discharged wastewater. Compared to a feedback control strategy, forward control concepts 
usually require more sensors, are more complex, require more tuning / maintenance of the 
controller and cause additional burdens for operators. However, the AVN system was 
developed to remove nitrates as a result of the selection of NOB microorganisms [26] AVN 
control can provide more efficient nitrogen removal than ABAC and is a logical step in the 
progress of the aeration control strategy. By setting ammonia and NOx in wastewater, or by 
determining the NH4/NOx ratio somewhat less than one based on the need to comply with the 
ammonia discharge limit, AVN control only oxidizes the amount of ammonia that can be 
denitrified using the influence of organic carbon. This can be achieved with both continuous 
and intermittent aeration. Until now, continuous AVN aeration has not been tested in pilot or 
full scale mode. For many existing wastewater treatment plants, periodic aeration may be 
difficult to implement due to the existing limitations of aeration devices. Example of possible 
optimalization WWTP system was presented in Fig. 4. 
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Fig. 4. Example of possible optimalization WWTP system 
 
The aim of my research conducted in the wastewater treatment plant in Klimzowiec was to 
develop and implement a mathematical model of the operating wastewater treatment plant, 
which in the long term would allow the use of computer simulation for operational 
optimization and verification of plans for the possible expansion of the facility. This task was 
associated with the development of a number of partial models and a comprehensive model, 
followed by their calibration and validation. It required a gathering of the large amount of 
input data, and thus carry out extensive hydraulic and analytical research in normal operation 
of the facility. Research in treatment plants were conducted in the years 2014-2016 in 
accordance with the plan developed by me and under my constant substantive supervision. 
These studies, along with the results obtained, I described in detail in the attached publication, 
which currently is in the review process. As a computer simulation platform, the GPS-X® v. 
5.02 program originally developed by Hydromantis ™, Inc. was chosen for this purpose due 
to previous research. The scope of simulation tests performed included development of a 
comprehensive model of the "biological reactor-secondary settler" system together with its 
full calibration and validation. It required designing and conducting detailed programs of 
analytical analysis of sewage composition and activated sludge properties, development and 
calibration of partial models as well as the development, calibration and validation of a 
comprehensive model of the tested system. Their application must have reasonable grounds 
so that they do not have a negative impact on the reliability of the conducted research and do 
not excessively increase the uncertainty of the obtained results. The results of my research 
have shown that if you notice such impact, you should return to the typical test procedure in 
accordance with the calibration protocol used. These experiments have also helped in the 
preparation of the publication (Annex 4, point I.B., item 5) concerning the control and 
diagnostics of unitary wastewater treatment processes. "The use of mathematical models for 
activated sludge systems in WWTP" 
Therefore, in the next stage of the research, I developed the above-mentioned model of the 
treatment plant by describing the algorithms for control and diagnostics of unitary processes 
of multi-phase activated sludge and implemented this model on a new modeling and computer 
simulation platform WEST ver. 2014 SP (Wastewater Treatment Plant Engine for Simulation 
and Training) with active sludge model no. 2d (Activated Sludge Model No. 2d (ASM2d)) 
and anaerobic digestion model (Anaerobic Digestion Model 1 (ADM1)). As part of this 
research, a comprehensive model of municipal wastewater treatment plant in Krimzowiec 
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(PEWIK Chorzów) was developed, including the sewage sump (primary settling tank and 
activated sludge chambers with integrated biological removal of organic compounds, nitrogen 
and phosphorus) and sedimentary (including mainly closed fermentation chambers). Based on 
the developed model of the wastewater treatment plant in Klimzowiec, strategies including 
optimization in terms of energy and finance in the first stage and then with the help of such a 
calibrated model it was possible to use computer simulation to predict key measurements 
(including COD, NH4, NO3) to control the aeration process in the bioreactor for diagnosis ie 
verification of measurement data from probes with values predicted by the wastewater 
treatment model. 
Then in the years 2016-17 being the project manager under the Ministry of Science and 
Higher Education special purpose grant "Computer-assisted optimization of activated sludge 
processes on the example of wastewater treatment plants" and also participating in the 
implementation of the project in cooperation with ZapSoft Sp. z o.o. and Chorzowsko-
Świętochłowicki Przedsiębiorstwo Wodociągów i Kanalizacji Sp. z o.o., pt. "Strategy of 
model control in Klimzowiec wastewater treatment plant using COD measurements" enabled 
the implementation of proprietary PreviSys technology. The modules of the PreviSys system 
are based on commonly known treatment strategies used in creating simulation software. The 
main difference in the implemented PreviSys control system in publication (Annex 4, point 
I.B., item 5), which is included in the publications that are the part of scientific achievement, 
is that it collects signals and verifies device settings on-line continuously, and the set point for 
a given parameter is calculated by the ASM2d model 2-10 minutes and automatically sent to 
the SCADA system. The operation of the wastewater treatment plant has the ability to decide 
whether the wastewater treatment plant is to be controlled by means of setpoints from the 
PreviSys or PLC system. However, the experience from the installation in the Klimzowiec 
wastewater treatment plant, where PreviSys is installed, shows that the values set by this 
superior control system are preferred by 100% of the wastewater treatment plant's operating 
time. Then, the data archived by the system is used to automatically forecast the operation of 
the treatment plant and to develop appropriate work scenarios for the PreviSys system. As 
shown by many years of experience, one of the modules of the PreviSys system, bringing the 
most tangible effects, is the control of the length of the nitrification and denitrification phases 
as well as the supervision of the operation of the aeration system and recirculation control. 
When controlling the length of nitrification and denitrification phases on parallel biological 
strings, some of the lines (better equipped with NH4, NO3 sensors) can perform superior 
functions over less-instrumented lines. However, the model must be updated with the current 
input data. These activities are to ensure the highest possible accuracy of the model's 
operation and thus improve the efficiency of the treatment plant's operation. 
The solution that enables the automation of the model is the appropriate configuration of the 
software to create a mathematical model so that the application runs in console mode. This 
allows to simplify the automatic configuration of the mathematical model before it is started. 
The next step necessary to diagnose wastewater treatment plants is to ensure communication 
between the model and the SCADA system, which will allow access to current measurement 
data coming from the facility. In order to access the data, an application has been created that 
downloads data from the SCADA system and then processes it to the format supported by the 
modeling software. The data are processed in such a way as to calculate the average value of 
the parameter for a given period of time, the mean value of the parameters being taken into 
account, and the average of the given period, ie taking into account how long the 
measurement lasted. This application also takes into account the cases when a parameter 
changes very slowly and not always in the collected period of time there is a record of a given 
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measurement (eg the measurement of sewage temperature changes relatively slowly and it 
happens that between the records of individual measurements several hours pass). 
Simulation in each cycle takes place on data coming from exactly the same period of time, i.e. 
last 31 days. The application that retrieves data from the SCADA system replaces data that is 
available for the mathematical model so that the data comes from an appropriate period of 
time. Each time an application for downloading data from SCADA is launched, it performs 
the deletion of the oldest mathematical model input data set, and after downloading and 
corresponding reformatting, it adds the latest data set to the input data of the mathematical 
model. The automation of the whole was done using the task scheduler and Windows system 
scripts. Every ten minutes, a script is run that first starts applications that retrieve data from 
the SCADA system, processes them and then adds them to the corresponding input files of the 
mathematical model. Then the script runs the mathematical model with the appropriate 
parameters. After the simulation is completed, the result data from the model are copied to the 
appropriate file containing the model output data archive where the current value from the 
measurements corresponding to the simulated values is also saved. 
Using specialized software, it becomes possible to write algorithms that, based on a 
comparison of data from a mathematical model and on-line measurements from probes / 
sensors deployed in a wastewater treatment plant, will detect any abnormalities in the 
operation of the above-mentioned measuring devices in the modeled treatment plant. After 
detection of such anomaly, the next step is sending information to the SCADA system where, 
based on the received data, the operator decides whether it is necessary to take further actions 
related to the diagnosed sensor. 
 

 
 
Fig. 5. Measurement of ammonium nitrogen after the activated sludge chambers (deviations 
in the operation of measurement sensors)  
 
The above graph (Fig. 5) shows the value of ammonium nitrogen concentration measured in 
the period between the twelfth of May and the second of June. It can be seen that the 
measurement gradually increases with the passage of time. You can also notice a decrease in 
the measured value at the end of the measured period, which was caused by the service of the 
measuring probe. The introduction of diagnostics of measuring sensors allows for significant 
earlier detection of deviations in the operation of measurement sensors. 
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Of course, each implementation of the control system must be preceded by an in-depth study 
study, which aims to find the answer to the question whether the wastewater treatment plant 
qualifies for the implementation of the PreviSys system and which modules will improve its 
work to the greatest extent: 

 PreviSCADA - Quality control of data to check the quality of input parameters before 
using them for active control, 

 PreviSoft - Multi-factor control allows you to calculate a setpoint based on two or 
more input signals from parameter measurements, 

 PreviBox - provide support in the optimization of the wastewater treatment process as 
well as other processes taking place in the treatment plant. 

The purpose, scope and already carried out research have been presented at two scientific and 
technical seminars, where they were met with great interest by the municipal wastewater 
treatment plant operators. The results of the research were also presented at two reputable 
international conferences (Annex 4, point II.E.2, item 58 and 60). 
 
Ad. 3) The rising costs of energy and increased concern for sustainable development have 
caused that many water and wastewater companies implemented energy cost reduction 
programs in wastewater treatment plants. The new paradigm of wastewater treatment assumes 
obtaining at least a neutrally energetic wastewater treatment plant, which in conventional 
nitrification-denitrification systems may be difficult to obtain, due to ensuring their full 
biological purification with increased efficiency of biogenic compounds removal. In classical 
terms, the fulfillment of current conditions in the area of nitrogen removal is possible in case 
of high efficiency of the denitrification process, i.e. reduction of nitrates (or nitrites) to 
gaseous nitrogen. This process must be preceded by full nitrification (oxidation of ammonium 
nitrogen to nitrates), which is associated with high aeration costs in bioreactors. In addition to 
anoxic zones, it is necessary to provide an appropriate amount of organic carbon, which is 
why it is often necessary to support denitrification with additional (so-called external) carbon 
sources described above in point Ad. 1, which are not found in wastewater treatment plants. 
In addition, the implementation of wastewater treatment towards neutral energy facilities a 
future wastewater treatment plant, requires not only minor process improvements (eg more 
efficient aerators and pumps), but combinations of the latest short nitrification / denitrification 
processes or shortened nitrification and process (including anammox, damonification) 
reducing the demand for oxygen and organic compounds, or technology, i.e. MBBR, MFC 
and / or other sustainable / renewable energy sources and optimized integration of existing 
systems in all aspects. This effect can be obtained by the following described above methods, 
which were the subject of my research interests, in most of the ways: 

 alternative sources of coal for intensification of the denitrification process in classical 
activated sludge systems or advanced technologies, e.g. MBBR - kinetics and 
optimization of the denitrification process, 

 modeling and optimization of control of purification processes along with their 
diagnostics, primarily in the biological part, 

 increasing the efficiency of the anaerobic digestion process (optimizing pre-settling 
tanks) and using the biogas produced (possibly using other renewable sources of 
energy than biogas) 

 application in addition to classic denitrification-nitrification processes of new 
solutions (including annamox, deamonification) of membrane and mobile reactor 
technologies, e.g. MBR, MBBR, or (MFC - as still not fully explored source of 
sustainable energy production) for intensification the denitrification process to 
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improve the efficiency of nitrogen removal and improve the energy balance in the 
treatment plant. 

Details of my research on the directions of development of MBBR, MFC technology and 
optimization of biochemical processes, with particular emphasis on the intensification of the 
denitrification process in wastewater treatment systems, are included in the publications 
included in the scientific achievement (Annex 4, point I.B., item 2,3,6) and a synthetic 
description of the results obtained is presented below. 
The paper reviews qualitative and quantitative aspects related to the intensification of the 
denitrification process in the moving bed reactor (Moving Bed Biofilm Reactor - abbreviated 
as MBBR), constituting an additional element of wastewater treatment after Bioclere® 
biological beds. Constructing the MBBR reactor station initially on a laboratory scale and 
then working in the field where technical and technological tests, preliminary tests and basic 
tests were carried out in the pilot plant in Gronów Górny. The tests were preceded by control 
measurements both in the laboratory and on the object in the pilot scale. In laboratory 
conditions kinetic constants characteristic for the denitrification process were determined, and 
in the field the changes in sewage quality after successive stages of purification in Gronów 
Górny and the number of filling elements in 1 m3 of the EvU Perl deposit were determined. 
The ratios of selected substrates participating in the denitrification process, the concentration 
of free biomass and settled in the mobile deposit were also determined and optimized. 
On the basis of the results obtained in the conducted tests, high efficiency of total nitrogen 
removal was obtained. The concentration of total nitrogen fed to the wastewater treatment 
plant in Gronów Górny was on average 86 NH4 + -N/dm3, while on the outflow in treated 
sewage the value of 6 mg NO3 - N/dm3 and 6 mg NH4 + -N/dm3 was obtained. The mobile 
bed reactor (MBBR) provides effective denitrification in wastewater after nitrifying biological 
beds. The efficiency of total nitrogen removal increased from 53.5% to 86.0%. When 
comparing this value with other methods of denitrification, it can be concluded that the 
efficiency of the process does not depend on the type of reactor, but on its location in the 
treatment system. The process proceeds with the greatest efficiency (at the level of 85-90%), 
when the denitrification is carried out simultaneously or at the end of the system with the 
addition of an external source of organic carbon. The pre-denitrification method and SBR 
type reactors are less effective. A comparison of the effectiveness of total nitrogen removal 
for various ways of denitrification process is given in Table 2 of the publication (Annex 4, 
point I.B., item 2). This preliminary publication was used to extend the research towards the 
development of models of kinetics of denitrification processes, which appeared as a 
continuation of research in 2018. In this publication (Annex 4, point I.B., item 6) of the 
scientific achievements, my research allowed me to determine the course of the Monod 
function describing the dependence of the denitrification rate on the initial substrate 
concentration (COD/N) for the MBBB with a moving bed. Research on a technical scale 
made it possible to verify the obtained Monod equation in the final denitrification process 
operating in the MBBR system at the wastewater treatment plant in Gronów Górny. Changes 
in biomass concentration and process speed have been determined since the device was 
started (start-up phase) until full performance is achieved. The actions taken have made it 
possible to get to know the changes taking place in the system before reaching the steady state 
and unstable operation of the MBBR reactor. Equation of denitrification rate (rsu) given by 
Henze et al. (2002) contains kinetic constants whose knowledge is needed in a more detailed 
description of the denitrification process. According to the original formula no. 1 these are: 
the maximum rate of denitrification - Vmax, Monoda constant for nitrates V-KS, N and 
constant Monoda for organic matter expressed in COD - KS, COD. It was established, among 
others that the rate of denitrification in a mobile bed reactor depends primarily on the 
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concentration of readily decomposable organic carbon expressed in COD. The significance of 
nitrate concentration V is lower in this case, and only trace concentrations inhibit the process. 
The maximum denitrification rate (Vmax) for the MBBR reactor was 0.78 gNO3 - N / g sm · 
d, and the Monod values for readily decomposable COD (KS, COD) and nitrate V (KS, N) 
were respectively: 16.97 gO2 / m3 and 2.90 gNO3 - N / m3, when used in studies of readily 
available external sources of organic carbon (Brennt Plus nutrient solution). On the basis of 
measurements made in laboratory conditions, it was determined by means of advanced 
calculations, including modeling, that the speed of the denitrification process for the MBBR 
reactor can be described by the modified equation no. 2 based on the original Henze formula: 
 
 

(1) 
 

(2) 
 
where: 
 
r - denitrification rate (gNO3

--N/m3·d) 
S - constant corresponding to the concentration of nitrates at which the specific growth rate of 
microorganisms reaches half of the maximum value (Monod constant) (gNO3-N/m3), 
K - constant corresponding to the concentration of organic matter, at which the specific 
growth rate of microorganisms reaches half of the maximum value (Monod constant ) (gO2/ 
dm3), 
 
 
The obtained value of the denitrification rate and the determined equation coefficients 
describing the kinetics of the process in laboratory conditions were additionally verified in 
field tests using the MBBR pilot reactor and then confirmed using the Hofstee-Eadie 
linearization method depicted in Figure 3 in publication (Annex 4, point I.B., item 6). In the 
MBBR pilot reactor operating in the laboratory. in automatic mode, the average 
denitrification rate of 0.73 gNO3 -N/g biomass·d was obtained, which corresponds to the unit 
yield of the bed: 3.43 [g NO3 -N/m2·d]. In addition, based on the operation of the MBBR 
reactor (operating in automatic mode), a biomass increase factor (Y) of 0.41 [g dw/gO2] and a 
specific growth rate of denitrification bacteria (μmax) of 0.32 [1/d] were determined. The 
constant reaction rates had similar values, and the differences in the substrate constants 
resulted from the presence of the non-degradable fraction of COD in the effluents fed. 
Therefore, in the denitrification process, in conditions excluding the endogenous carbon, 1 g 
of NO3 - N / m3 is required to bring the organic matter in the dose of 4.67 gO2 / m3 COD. 
The advantage of running the process is the ability to freely change the degree of filling of the 
reactor, which makes the method extremely flexible. An additional benefit is the 
immobilization of active biomass on the filler shapes, which means that no intensive 
wastewater recirculation is needed, but only one that allows for the complete removal of 
excess sludge. The occurrence of two types of biomass, free and settled in one reaction space, 
causes an increase in the speed of the denitrification process. This explains why in recent 
years the existing treatment plants have been adapted to increasing loads very often by the 
addition of a mobile bed to reactors with activated sludge [27-29]. Furthermore, the potential 
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of MBBR reactors can be used to remove higher concentrations of pollutants, to purify 
leachates from municipal sludge dewatering or to industrial wastewater [30]. 
An alternative to the above-mentioned processes and systems of intensifying the removal of 
biogenic compounds and increasing energy efficiency in sewage treatment systems seems to 
be not yet fully understood so-called technology. microbial fuel cells (MFC). This technology 
allows the direct production of electricity from biodegradable raw materials and can be the 
future not only of energy generation but also of wastewater treatment technology. The essence 
of the development of this technology is to obtain cells with very low investment and 
operating costs, while optimizing unit biochemical processes in wastewater treatment. In the 
publication (Annex 4, point I.B., item 3). included in the scientific achievement, scientific 
research was carried out to intensify the denitrification process using MFC, which is in the 
context of the thesis proposed for the habilitation thesis for the further development of 
modern wastewater treatment technology based on biological methods. The presented MFC 
publication is an experimental work, and the obtained research results are now further used in 
system optimization using mathematical modeling and computer simulation (another 
publication in preparation). Due to not fully understood scientific problem, as well as its high 
application values, it seems necessary to have a comprehensive approach in a full research 
and project cycle based on current theory, experimental experiments and modeling and 
computer simulation in an attempt to understand the interrelations between the behavior of 
microorganisms and available substrates in MFC technology. Especially since it is still a 
prototype bioelectrochemical device, they use the metabolic abilities of microorganisms to 
convert chemical energy contained in organic and inorganic substrates into electricity [31]. In 
MFC, the substrates are oxidized in the anode chamber, whereby the electrons are released, 
directly or via mediators, into the solid electrode. The electrons flow through the outer 
perimeter, eventually reaching the cathode chamber. At the cathode, the electrons are used to 
reduce the oxidizing agent, usually oxygen [32]. In this way, the substrates are oxidized at the 
same time as the electric current is generated [33, 34, 35, 36]. 
Microorganisms that drive MFCs can oxidize the diverse range of so-called "dirty" fuels / 
substrates that often have little use value. Among these "dirty fuels" one can find organic 
waste, organic matter contained in soils, sediments, compost, etc. [37, 38]. For this reason, 
one of the most attractive energy sources for MFC is wastewater, mainly because the 
production of electricity can be combined with wastewater treatment [39,40]. The use of MFC 
can bring many benefits in relation to conventional wastewater treatment systems based on 
nitrification-denitrification processes, including savings in aeration and reduction of sewage 
sludge treatment. The nitrification process and the accompanying aeration may even account 
for half the operating costs in a typical wastewater treatment plant [41], which is not 
necessary for MFC. Moreover, the MFC process is inherently an anaerobic process, and the 
efficiency of the activated sludge for the anaerobic process is approximately 20% of that for 
the oxygen process [42]. Therefore, the use of MFC could drastically reduce the production of 
sewage sludge in a wastewater treatment plant, significantly reducing the operating costs of 
sludge treatment [43]. 
The experimental system used in this work consisted of a two-chamber microfual MFC 
separated by a Sterion® membrane (Alfa Aesar, Heysham, UK). Both chambers were built on 
a graphite plate, and their dimensions were: 0.95 cm3 of the volume of the anode chamber and 
0.5 cm3 of the volume of the cathode chamber, which had serpentine channels. In both 
chambers, Toray TGPH-120 carbon papers (Fuel Cell Store, Texas, USA), anode electrode 
with 20% Teflon content and cathodic electrode with 10% were used. In addition, a 
microporous catalytic layer with a charge of 0.5 mg · Pt · cm-2 was deposited on the cathode 
due to the advantages of this additional layer. The active areas of the anode and cathode 
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electrodes were 4.65 cm2 and 2.85 cm2, respectively. A cathode with an air breath was used. 
This system uses free convective air flow to deliver oxygen to the cathode [32]. A schematic 
view of the configuration is shown in Figure 1 in publication (Annex 4, point I.B., item 3).  
The MFC is based on a membrane-electrode assembly, made with a load of 1 ton for 15 
minutes. The electrodes and membrane were inserted between two stainless steel blocks 
equipped with heating surfaces and the temperature was controlled by a control system at 130 
° C [44]. By working in this way, the distance between the electrodes is minimized, reducing 
the internal resistance of the MFCs 
During MFC operation, the anode and cathode were connected by an external load of 125 Ω. 
Potentials between the edges of this resistance were constantly monitored using a high 
impedance Keithley 2000 electrometer. These potentials were directly related to the electrical 
current produced in accordance with Ohm's law. The anode compartment was a grain of 
electrogenetic organisms from the functioning MFC [44]. MFC continuously controlled by 
feeding synthetic sewage through the anode chamber at a flow rate of 0.2 cm3 x min -1. To do 
this, the anode MFC compartment was connected to a 250 ml wastewater reservoir in which 
wastewater was stored. 
In MFC, the electric current generated from the oxidation of organic matter was monitored by 
measuring the COD removal rate. The rate of denitrification was determined by measuring the 
variability of nitrate and nitrite concentration in the system. It was important in these studies 
to measure not only nitrates, but also nitrites, because the accumulation of nitrites was 
published in numerous previous studies on denitrification [45, 46]. The assessment of 
accumulation of nitrite is important for two reasons; firstly, neglecting it would increase the 
actual denitrification rate obtained when nitrates are to be completely reduced and, secondly, 
the actual denitrification rate will be reduced if oxidized nitrogen is measured. In order to 
establish reference values for the generation of electricity in MFC, the test set was initially 
tested and worked for several weeks without addition of the substrate in the form of nitrogen. 
Then, after reaching the steady state, the system worked for four weeks to assess the stability 
of the system. In these weeks, the obtained current value was about 0.9 ± 0.05 mA · m-2. It 
should also be noted that no saturation was observed, which can be explained by the low 
concentration of nitrates used in these studies. When it comes to the complete removal of 
COD in MFC, it should be noted that two different trends have been observed. On the one 
hand, during the first stage, the increase in the concentration of nitrates affecting directly 
leads to a direct proportional removal of COD. This indicates that the system behaves in a 
very similar way, with the only difference that intensification of the denitrification process 
took place, and thus the stoichiometric consumption of COD. In addition to the higher COD 
consumption due to the stoichiometry of the denitrification process, no significant effect on 
MFC performance was observed. 
In my work, I analyzed the possibility of combining the anodic process of heterotrophic 
denitrification with the production of electric energy in MFC and the influence of nitrates on 
the efficiency of the process. During the experiments, it was observed that the culture of 
microorganisms developed in the anode chamber of the MFC presented a significant number 
of denitrifiers. The innovative MFC system developed was capable of denitrifying without 
affecting the current flow, about 1 mA/cm2. In addition, the maximum denitrification rate 
obtained during the tests was about 60 gNO3-N/m2 · h. Based on these results, it can be 
concluded that it is possible to remove nitrates and simultaneously produce energy without 
adversely affecting the electrical efficiency when the nitrate concentration is low. Moreover, 
the decrease in COD removal was significantly higher than the decrease in induced voltage in 
the MFC system. This behavior can be explained because inhibition of the anaerobic side 
reaction occurs in MFC. It has been described in the literature that several non-chlorine 



Annex 4. 
Auto-abstract on the achievements of scientific and research activities, teaching and organizational  

of assistant professor (habilitation) candidate, PhD. Eng. Jakub Konrad Drewnowski 
 

 30

anaerobic reactions, such as acid fermentation, methanogenesis, etc., take place in the MFC 
anode chamber [47]. The literature also states that high concentrations of nitrates can inhibit 
anaerobic microorganisms [42], reducing them by reducing the removal of COD from the 
system. Conducting experimental research in two stages, this trend was also observed. In 
stage I during the denitrification process, about 7.5 mg g NO3 - N per 1 mg COD /NO3- -
added was removed. However, in stage II, the negative effect of nitrates reduced removal of 
COD in a system with a COD of approximately 5.5 mg per mg of NO3- added. These trends 
confirm the possible inhibition caused by the high concentration of nitrate in the system. In 
addition to the influence of nitrates on conventional anaerobic processes, it is also possible to 
influence bioelectrochemical processes. To test this, Coulomb efficiency was determined for 
each influencing nitrate concentration. The determined values of Columbian efficiency and 
kinetic constants for the denitrification process may be helpful in understanding the mutual 
relationships between the behavior of microorganisms and available substrates, hence the 
work is continued towards understanding the properties of the MFC process using advanced 
mathematical modeling and computer simulation techniques. 
 
SUMMARY 
 
Wastewater treatment plants are one of the most important elements in the balance of energy 
consumption in the entire municipal economy. In the world, the unitary electricity 
consumption to clean each cubic meter of sewage is 0.1-0.7 kWh/m3 on average (GWRC, 
2009). In Polish wastewater treatment plants of various sizes and using different technological 
systems, this indicator ranges from 0, 2 to even 1.5 kWh/m3 [48]. In the hierarchy of 
importance of the problems of modern wastewater treatment plants, minimizing the costs of 
their operation is the first key challenge - immediately after the issue of guaranteeing very 
high cleaning efficiency. A particular potential for cost reduction lies in the minimization of 
energy consumption and maximization of its production, based on the energy potential of 
waste water entering the treatment plant. In addition to the thermal, potential and kinetic 
energy of the liquid stream, the chemical energy of the organic compounds contained in the 
wastewater is of particular importance. It is estimated that in the case of municipal sewage, it 
is about twice as large as the total demand of a modern treatment plant for electric and 
thermal energy. Therefore, there are goals to search for innovative, economically effective 
ways of managing sewage sludge of organic compounds, in view of the energy self-
sufficiency of large wastewater treatment plants. 
A number of factors, including implementation of energy-intensive processes to meet 
increasingly stringent regulations, rising energy costs, policies aimed at reducing its 
consumption and raised environmental aspects (eg greenhouse gas emissions), enforces 
measures to improve the energy balance in wastewater treatment plants. The mere 
replacement of electrical devices (blowers, pumps, mixers, etc.) for more energy-saving or 
optimizing the work of anaerobic digesters can only bring small benefits. The actions taken 
should be integrated and directed not only to an even greater reduction of energy 
consumption, but also to recover and increase its production. It is estimated that the total 
amount of energy contained in municipal sewage is about 23 W/inhabitant in organic carbon 
and 6.0 and 0.8 W/inhabitant respectively in ammonium nitrogen and phosphates [49]. In 
municipal wastewater treatment plants, which have closed fermentation chambers, the degree 
of energy recovery in the form of electricity is only slightly over 10% of the total energy 
potential contained in wastewater (in organic carbon). 
In world science and engineering practice, mathematical modeling of kinetics of biochemical 
processes using activated sludge models from the so-called ASM group (Activated Sludge 
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Model) is the most widespread. Their publication for the first time by the working group of 
the International Water Association (IWA) in 1987 opened new opportunities in the field of 
creating and using biokinetic models of wastewater treatment. The future of control systems 
solutions in wastewater treatment plants is called intelligent process control systems, whose 
main element will be the simulation model implemented in the computer program together 
with the appropriate algorithm for biochemical processes control depending on the current on-
line measurements at the designated points of the bioreactor. Currently, computer models of 
cleaning processes are used as an auxiliary tool to forecast various technological variants and 
enable searching for optimal solutions, including in the area of aeration costs, control of the 
biological part of the treatment plant reactors. 
From the point of view of the operation of wastewater treatment plants, aeration is the most 
energy-intensive process, which can account for up to 50% of the total energy consumption in 
the treatment plant. The vast majority of currently used aeration systems is controlled based 
on the measurement of oxygen concentration in the oxygen chamber (nitrification). Modeling 
the air flow to maintain a constant value of oxygen concentration is usually an effective 
solution, ensuring purification of sewage to the level required by water law. On the other 
hand, this solution is not very energy efficient, especially in the case of high variability of 
pollutant load in incoming sewage. However, it is a necessary condition to apply new, more 
advanced aeration control strategies based on on-line measurements of nitrogen compounds 
[50]. Such possibilities have emerged with the introduction of more reliable ammonium 
(NH4) and nitrate/nitrite (NOX) probes on the market. In the ABM (Angular-Based Aeration 
Control) control system, the regulation of oxygen concentration changes is based on 
measurements of NH4 concentration, while in the AVN system (Ammonia vs. Nitrate/Nitrite) 
- based on measurements of both NH4 and NOX concentrations. The adjustment of the nitrate 
load to be denitrified takes place by setting preset concentrations or proportions of NH4 and 
NOX in the outflow, which was also the subject of my research through the application of 
proprietary solutions for PreviSys in wastewater treatment plants in literature and practice. In 
addition, in the work (Annex 4, point I.B., item 5) reported for scientific achievement, it was 
shown that the appropriate calibrated computer models of wastewater treatment plants can 
forecast current values and as a result of comparison with measurements of probes / on-line 
sensors installed at relevant points in the bioreactor, correct them by the max deviation value 
diagnose fault conditions and / or incorrect operation. 
The MBBR mobile bed technology provides many technological possibilities that document 
its competitiveness in relation to conventional wastewater treatment methods using classical 
sludge systems or biological deposits. The following should be considered the most 
important:  
1) high efficiency of the nitrification process, irrespective of the length of wastewater 

retention time and active sludge age (in the case of hybrid technology),  
2) possibility of accepting a larger pollutant load, without changing the reactor volume, 
3) ability to limit reactor capacity biological and reducing the surface of secondary settling 

tanks, 
 4) the possibility of synergic removal of nitrogen and phosphorus in conditions of limited 

access of organic carbon in the deposition process denitrification,  
5) the possibility of removing nitrogen in the absence of organic carbon - anaerobic removal 

of ammonia (Anammox process). 
Reactors with a moving bed (MBBR) are already practically used in flow systems, however, 
as detailed in this paper, a detailed description of the phenomena is not fully understood and 
studies on the optimization of these systems are still in progress. In turn, on the basis of this 
technology, sequential batch reactors (MBSBBR - Moving Bed Sequencing Batch Biofilm 
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Reactor) were created, where, however, work related to the implementation of this system is 
gradually being continued. The main challenge here is to develop a mixing system that 
enables, in the aeration-free phases, the maintenance of filling media in the seam volume, 
while not causing their mechanical destruction, as well as detaching the membrane formed on 
it. The disadvantage of the movable bed reactors is the possibility of mechanical destruction 
of the carriers, resulting from the continuous striking of its individual elements. The degree of 
potential destruction depends on the type of material, shape and size of a given type of deposit 
and hydromechanical conditions inside the reactor. 
In addition to already recognized MBBR technologies, MBSBBR for shorter nitrification 
(including anammox, deamonification) or the production and use of biogas, work is underway 
on other potential energy sources directly or indirectly related to sewage treatment and sludge 
treatment processes. Bioelectrochemical systems are considered as a promising technology 
that creates configurations capable of converting waste organic matter into electricity or other 
valuable products. These include MFC microbial fuel cells. Currently, the application of this 
solution on a full scale is limited due to high cost, low power output and efficiency, which is 
why my research, apart from the experimental part, is supported by mathematical modeling 
and computer simulation, which nowadays becomes an inseparable tool in designing and 
description of phenomena which is in fact very difficult to perform or it is economically 
unjustified. 
Based on the experience of EU countries, it can be concluded that the implementation of 
computer simulations and optimization before modernization allowed to protect wastewater 
treatment plants against unnecessary construction works counted in millions of euros. A 
properly calibrated and implemented model in the right software is a powerful tool and has 
many applications both in engineering practice and in science. It allows for testing various 
scenarios and their effects on processes occurring in the examined object. Therefore, it is so 
important to properly describe the course of individual biochemical processes and to reflect as 
accurately as possible the real transformations and reactions taking place in the model. 
The new paradigm of wastewater treatment assumes, among others, maximum energy 
recovery from sewage, and the technological and operational challenge becomes the 
achievement of at least energetically neutral (passive) wastewater treatment plant. This effect 
may be obtained as a result of a series of activities including optimization of aeration process 
control in the biological part, increase of anaerobic digestion efficiency and more efficient use 
of biogas produced, as well as the use of renewable energy sources other than biogas and 
possibly in the near future of new technologies of nitrogen removal taking into account 
anammox process, deamonification etc., which are currently in the research and development 
phase due to the complexity of the processes and the difficulty of their implementation in real 
facilities. 
Cognitive aspects of the work, consisting in determining the possibility of using mathematical 
modeling and computer simulation in the optimization of both biochemical processes in the 
activated sludge chambers and for comprehensive solutions of municipal wastewater 
treatment plants, are of great utilitarian importance. In addition, using experimental studies 
supported by mathematical modeling, I showed that there is also potential in optimizing the 
denitrification process not only in conventional activated sludge systems, but also in the still-
developed and not fully learned MBBR and MFC technologies. By indicating the importance 
of conditions for intensifying the removal of biogenic compounds and increasing energy 
efficiency in sewage treatment systems, my research and proposed solutions for sewage 
treatment system systems set new directions for research and - at least partially - allow better 
planning of work parameters, eg activated sludge chambers in both for conventional systems 
with activated sludge as well as for other MBBR or MFC technologies. 
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The analysis of the conducted research allowed to determine: 

 conditions for optimal conducting denitrification in activated sludge systems or 
MBBR, MFC in order to achieve the assumed values of nitrogen concentration in 
biologically treated wastewater, 

 the impact of aeration, internal recirculation, etc. on the energy efficiency of 
wastewater treatment and removal of COD and biogenic compounds, and thus 
reduction of the calculated charge directed to the biological treatment plant, presented 
in the publication (Annex 4, item IB, item 7) and subject the implementation of the 
diploma thesis (Annex 4, point III.J.2., Diploma theses, item 2B), 

 rules for performing tests and experimental tests necessary to carry out mathematical 
modeling and computer simulation, which practical effect in addition to the series of 
publications was the development of "Methodical guide to researching the speed of 
unit processes in municipal wastewater treatment plants based on the active sludge 
method". 

 
 
The obtained results have also become the basis for the development of new and / or modified 
mathematical models, ie internal / external COD fractions or organic nitrogen transformations 
in the activated sludge process, in which variable rates of hydrolysis and ammonification were 
applied depending on the availability of electron acceptors (anaerobic conditions, anoxic and 
aerobic). In addition, computer-aided simulation studies have enabled the implementation of a 
mathematical model and the development of PreviSys technology to control the wastewater 
treatment plant. The results of implementation in the operation of the Klimzowiec wastewater 
treatment plant control systems have shown that the following effects of the system can be 
expected: 
• reduction of energy consumption for aeration of chambers 10-20% 
• reduction of energy consumption for internal recirculation 25-50% 
• reduction of consumption of external carbon source and nutrients 30-100% 
• reduction of total nitrogen concentrations down to 25% 
• reduction of total phosphorus concentrations to 20% 
• increasing the hydraulic capacity of the treatment plant 20-30% 
• increasing the possibility of accepting loads of 10-20% 
 
 
Based on the tests, I formulated a number of conclusions regarding planning 
computer-aided simulation research, which in synthetic form can be presented as 
follows: 
 

1. The aim of the research must be precisely defined and the boundaries of the modeled 
system must be clearly determined, while planning the tests using mathematical 
modeling and computer simulation, use the available calibration protocols that ensure 
the correct procedure for conducting research. 

2. Performing computer-aided simulation tests, it is possible to introduce rational 
modifications that do not significantly reduce the quality of the developed model, and 
at the same time allow simplifying simulation tests by reducing organizational effort, 
saving time and reducing their costs. 
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3. The hydrodynamic properties of the tested system should always be determined. This 
can be achieved by performing hydraulic tests using markers such as Rhodamine, 
possibly in the case of simple hydraulic systems, by analyzing the available data. Such 
tests should be carried out at the very beginning of simulation research, and their 
results should be the basis for planning further research stages (eg place, frequency 
and time of sampling). 

4. The analytical correctness of the results of sewage quality tests, their 
representativeness and consistency has a fundamental impact on the quality of the 
model being developed. Markings and measurements performed during simulation 
tests must be characterized by analytical correctness, representativeness, repeatability 
and consistency, and their quality must be verified by means of mass balances. 

5.  It should be assumed that the calibration of the model should be carried out as an 
iterative process, by repeating the static and dynamic calibration until the assumed 
level of compliance of results from measurements and simulations is achieved. 

6. Sensitivity and uncertainty analysis of the model should be an integral part of any 
simulation research program, because it provides important information about its 
quality and area of applicability. 

 
The most important achievements that result from the conducted research: 
The research I conducted showed from the scientific and practical side the course of 
proceedings leading to the development of a functional simulation model of the biological 
part of a large municipal wastewater treatment plant. For the developed model, I determined 
the directions of its potential use in the operational practice of the treatment plant, which 
included: 

 checking the behavior of the biological part of the treatment plant in the conditions of 
increased inflow of rainwater, 

 optimization of the internal recirculation rate in the biological reactor in order to 
increase denitrification efficiency, 

 checking the possibility of increasing the effectiveness of biological phosphorus 
removal by optimizing the dosage of sedimentary waters to the inflow to the reactor, 

 checking the possibility of increasing the efficiency of denitrification and biological 
removal of phosphorus by dosing an external carbon source to the reactor, 

 using the model to assess the aeration potential and condition of diffusers in the 
reactor 

 evaluation of the operation and diagnostics of on-line probes included in the control 
system, among others O2, NH4, NO3 and the possibility of limiting their operation and 
even their total shutdown in case of failure 

 the use of a mathematical model for the prediction of results and their comparison / 
checking of the correctness of on-line operation of individual control system elements 
(the original SOS name), including examples of control strategies for nitrification (N) 
and denitrification (D) phases for this situation: 
 The system regulates the duration of N/DN phases in a dynamic manner based on 

measurements of ammonium nitrogen, nitrates and oxygen for both long phases 
and high loads as well as for short phases at low loads. This solution ensures 
increased removal of nitrogen compounds, assuming that the system has the ability 
to carry out such processes. 

 emergency strategies: 
 if any of the sensors indicates a parameter outside the range defined by the system, 

then it automatically starts the procedure of checking the quality of this parameter 
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based on sensors such as: O2, NH4 and NO3. The parameters from the main lines 
will be applied to the slave lines when calculating the N / DN phases. 

 
 
The applicability of the results 
 
The research results presented can be directly applied in the science and operational practice 
of municipal wastewater treatment plants, including as a basis for further research in this area. 
In their theoretical aspects, they indicate the need to conduct further research on the 
application of the superior model in multi-phase activated sludge systems to control the 
wastewater treatment plant. The obtained results of simulation tests should be used as a 
starting point for the development of an easy-to-use, comprehensive model of multi-phase 
activated sludge based on existing standard models of activated sludge. In the next stage, this 
model should be subject to comprehensive practical verification at other wastewater treatment 
plants, due to the similar composition of municipal sewage and biochemical processes used. 
On the other hand, it is also necessary to develop a new methodology allowing faster and 
cheaper determination of the composition of sewage and parameters of activated sludge in 
terms of the requirements of simulation tests carried out in municipal wastewater treatment 
plants. In my practical aspects, my research indicates a new direction in the work on the use 
of multi-phase activated sludge models, which consists in a more flexible and practical 
approach to their use. Until now, one of the main barriers in the practical application of 
computer simulation in wastewater treatment plants was the time-consuming and cost-
consuming nature of simulation research, in particular the collection and analysis of input data 
as well as the calibration and validation of the model. Defining the coherent principles by 
which simulation tests can be simplified while ensuring the achievement of the set research 
goal, should contribute to the popularisation of the use of computer simulation in wastewater 
treatment plants as well as in the development of other innovative solutions than conventional 
systems based on activated sludge. In my work I also showed the possibility of using partial 
models in the development, intensification and / or optimization of biochemical processes, 
mainly denitrification in still developing technologies, ie MBBR or innovative MFC 
bioelectrochemical systems. The most important possibilities of using the research results can 
be synthetically presented as follows: 
 

1. The proposed pre-WERF contribution of the external COD compounds in the ASM2d 
model was confirmed. Based on the results of the research, the extended ASM2d 
model proposed for external coal sources is recommended by WERF and is now 
widely used in research related to fractionation, transformation and removal of COD, 
which is confirmed by foreign and domestic publications. 

2. Based on the analysis of the results from several treatment plants in Poland and 
literature data for the treatment plants in Spain, the US has shown that the models used 
in the prediction of biochemical processes are relatively stable and regardless of the 
size, configuration of bioreactors and charge concentration in wastewater reaching the 
biological stage, no showed a negative impact on treated wastewater. 

3. Analyzing the available literature, I found that the models were distinguished 
4. On the basis of a comparison of results for the Gdynia wastewater treatment plant 

before and after modernization using computer-assisted simulation tests in 2016, it 
was shown that lowering the sludge load with pollutants with simultaneous extension 
of the retention time in bioreactors may result in a significant decrease in organic 
nitrogen concentration in treated wastewater , with the simultaneous increase in the 
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share of coal for the intensification of the denitrification process and reduction of 
aeration during nitrification in bioreactors. However, this requires further optimization 
work, especially verification of energy efficiency based on the results of other 
treatment plants and checking the influence of the sludge age on the final nitrogen 
concentration in the outflow, which according to current standards should not exceed 
10 mg/dm3 

5. In all real scale full scale objects as well as pilot and laboratory systems, it was found 
that mathematical and computer modeling simulations increased biochemical 
processes in the bioreactor, in particular the denitrification process, including 
concentration of dissolved organic nitrogen in the oxygen zone (measurements in 
reactors on a technical scale) and in the aerobic phase (laboratory measurements). The 
increase in the examined objects was statistically significant, which is indicated by 
low probability of occurrence of equal concentrations at the end of the phase / anoxic 
and aerobic zone. At the same time, high energy efficiency in terms of optimal use of 
electricity for the air and the use of organic carbon. 

6. The possibility of combining the anodic process of heterotrophic denitrification with 
the production of electric energy in MFC and the influence of nitrates on the 
efficiency and effectiveness of the process was analyzed. During the experiments, it 
was observed that the culture of microorganisms developed in the anode chamber of 
the MFC presented a significant number of denitrifiers. 

7. Developed an innovative MFC system, which was capable of denitrifying without 
affecting the current flow, about 1 mA/cm2. In addition, the maximum denitrification 
rate obtained during the tests was about 60 gNO3 -N/m2 ·h. 

8. It was shown that bioelectrochemical systems, which include MFC microbial fuel cells 
are considered a promising technology that creates configurations capable of 
converting waste organic matter into electricity or other valuable wastewater treatment 
products. 

9. The course of the Monod function describing changes in nitrate removal rate V in 
relation to the substrate concentration in a moving bed reactor (MBBR) was 
determined under laboratory conditions and the determinations of constants appearing 
in the Monod equation: Vmax, KS, N, KS, COD based on laboratory measurements. 

10. Verification of the obtained Monoda equation on a technical scale - for a reactor 
operating in the full MBBR scale located after biological treatment in the Bioclere® 
spayed bed in Gronów Górny. 

11. The quantitative and qualitative characteristics of the MBBR reactor were determined 
and the conditions under which the reactor would ensure the most effective and 
optimal course of the final denitrification process after the sprinkled beds. 

 
 
 
5. DESCRIPTION OF OTHER SCIENTIFIC AND RESEARCH  ACHIEVEMENTS 
 
5.1. BEFORE RECEIVING THE DOCTOR DEGREE  

 
 
In 2000, I began studies at the Gdańsk University of Technology at the Faculty of Civil 
Engineering and Environmental Engineering (currently: Faculty of Civil and Environmental 
Engineering). During my studies, I received a scholarship for very good academic results. I 
also developed my knowledge in the field of water treatment and wastewater treatment as part 
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of an internship (the so-called "student internships" organized at PG) in the water supply and 
sewage disposal company Saur Neptun Gdańsk (2-week in 2004). I also took an active part in 
the scientific circles of English and Spanish. At the beginning of the diploma thesis I went to 
Palermo in Sicily (Italy), where, thanks to the recommendation of Professor Kowalik (then 
Head of the Department of Sanitary Engineering at the Faculty of Hydraulic Engineering and 
Environmental Engineering, PG), I took up studies at the university there as part of the 
Socrates-Erasmus program. During the last semester (diploma, 2005) of my stay at the 
University of Palermo, I took part in research projects conducted by a tutor, Professor R. 
Scalenge and worked on completing my master's thesis. In addition, thanks to the intensive 
learning of the Italian language on the language course prepared for students of the Socrates-
Erasmus program at the University of Palermo and passing the required final exams, I 
received an Italian language proficiency certificate at an intermediate level. After returning 
from the University of Palermo, I prepared myself to defend my diploma thesis entitled "The 
use of new filtration materials in groundwater treatment", which in September 2005 I 
defended with a very good result. Materials for work were collected during many months of 
research at the "Gdańsk-Lipce" water treatment plant and the results of the research were 
compared with world literature and then published (Annex 4, point II.E.2, item 21)               . 
The supervisor of the master's thesis was Dr. Eng. Rafał Bray. 
Immediately after completing my studies I started working at the Research and Innovation 
Center "Unitex" Sp. z o.o. as a specialist in water treatment, where I gained practical 
experience and developed my knowledge in the field of water treatment technologies and 
mainly industrial waste water treatment. Working in this company I had the opportunity to 
undergo engineering practice necessary to obtain design qualifications and to manage 
construction works, which after passing the relevant exams I received in December 2009. At 
the same time working full-time at CBW "Unitex" in 2006, I applied for admission to doctoral 
studies, where after the interview, I was admitted to doctoral studies at the Faculty of Civil 
and Environmental Engineering at the Gdańsk University of Technology. Immediately after 
admission to doctoral studies I took part in the one-semester postgraduate course in Teacher 
Education and Training (University of Gdansk University of Technology, academic year 
2007-2008). 
In the years 2007-2008 I was involved in a project co-financed from the Regional Fund for 
Environmental Protection and Water Management (WFOŚiGW) in Gdańsk entitled 
"Comparison of traditional and alternative sources of external carbon to improve the 
efficiency of the denitrification process" (Annex 4, point II.J.1., item 1). The tests included 
conventional denitrification rate (NUR) tests performed on a laboratory scale as well as 
denitrification rate measurements during anoxic phosphate uptake. Documentation was 
developed for their implementation, and then a specialized research device was constructed to 
measure the rate of biochemical processes in the activated sludge chambers, in the form of 
two non-flow reactors with a capacity of approx. 4 dm3, with the data measurement and 
archiving system (Annex 4, point II.B.1., item 1). Various coal sources were used for the 
research: conventional (municipal wastewater and methanol) and alternative sources 
(industrial wastewater from a distillery, a brewery and fish processing). In the second stage, 
the research on the adaptation of the sludge to methanol in a laboratory reactor (system A2/ O) 
with a total volume of 27 dm3 set in the "Wschód" WWTP in Gdańsk was performed. 
The results of laboratory experiments confirmed that industrial wastewater from a distillery, 
brewery and fish processing plant used in the research can be used as an alternative source of 
coal for improving the efficiency of the denitrification process in municipal wastewater 
treatment plants. During conventional measurements of denitrification rate in a non-flow 
reactor, with industrial wastewater as a carbon source, single process rates were observed in 
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the range of 2.4 to 6.0 g N/(kg biomass·h). These values are higher compared to the results 
obtained without an additional carbon source and close to the results obtained using the easy-
to-decompose COD fraction contained in municipal sewage after mechanical treatment. When 
the rate of denitrification was measured under anoxic conditions after the anaerobic phase, the 
addition of industrial wastewater usually resulted in an increase in NUR values compared to 
tests with municipal wastewater and methanol. At the same time, no significant negative 
impact on the process of anoxic phosphate uptake was observed. 
In experiments with methanol as an additional carbon source, denitrification rates 
(conventional measurement) with non-adapted sludge were very low and fluctuated within the 
limits of 1.4-1.6 g N/(kg biomass·h). Only after a period of two weeks of sludge adaptation in 
the laboratory flow system A2/O, NUR values stabilized at the level above 4.0 g N/(kg 
smo·h). After the methanol dosing was discontinued, the rate of denitrification began to 
decrease gradually and after four weeks it reached a value of about 2.5 
g N/(kg biomass·h). The practical effect of the implemented project was the development of a 
"Methodical guide for conducting research on the speed of unit processes in municipal 
wastewater treatment plants based on the method of activated sludge". 
 
 
In the years 2007-2009 I participated in the implementation of another research project 
entitled Computer-aided optimization of the nitrogen removal process in municipal 
wastewater treatment plants on the example of the Gdańsk-Wschód treatment plant (Annex 4, 
point II.B.1., item 2). The main part of the research was related to the development of two 
computer models for the bioreactors of this treatment plant: a hydrodynamic chamber of the 
bioreactor with activated sludge (MUCT system) and biokinetic ASM2d (Activated Sludge 
Model No. 2d) in the GPS-X Wer program. 5.0.2 (Hydromantis, Canada). 
In 2008, by the decision of the Scientific Council of the Faculty of Civil and Environmental 
Engineering at the Gdańsk University of Technology, I opened a doctoral thesis. The 
promoter in the doctoral thesis was dr hab. Eng. Jacek Mąkinia, prof. Associate. PG. I carried 
out research work as part of my supervisor's grant entitled "Influence of a slow-digestible 
substrate on the kinetics of biochemical processes in activated sludge chambers" (Research 
project MNiSW No. N-523-422-437), which I implemented in 2009-2012. The work was 
experimental, extended with mathematical modeling and computer simulation. Its 
implementation took place in two stages in cooperation with the Department of Development 
and Technological Supervision of the company Saur Neptun Gdańsk S.A. and PEWIK 
Gdynia Sp. z o.o. I conducted the first stage tests on a laboratory scale using activated sludge 
and mechanically treated wastewater from two large Wastewater treatment plants in Gdańsk 
and Gdynia. The second stage of work - a fractional technical analysis - I carried out based on 
my own experimental first stage tests (batch tests) extended with field tests (trajectory test) 
and the use of advanced mathematical modeling and computer simulation on both wastewater 
treatment plants: "Wschód " in Gdańsk and" Dębogórze "in Gdynia. Part of the research 
results related to the subject of my doctoral thesis I also published in my monograph entitled 
"The hydrolysis of slowly biodegradable substrate in activated sludge", eds. Lambert 
Academic Publishing, Germany in English on an international scale and several scientific 
journals distinguished by so-called JCR (Journal Citation Reapot) and listings on Web of 
Science, A and B lists of MNiSW and industry as well as presented at international and 
national conferences (No. of publications). I defended my doctoral dissertation on 17 May 
2012 at the Faculty of Civil and Environmental Engineering at the Gdańsk University of 
Technology with a PhD in technical engineering in the field of water and wastewater 
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technology, and for the doctoral dissertation including a distinguished cycle of publications, I 
was honored in 2013 with the Gdańsk Scientific Society Award and the Mayor of Gdańsk. 
My scientific work has been recognized both in the country and internationally by the bodies 
of eminent scientists representing, among others, The International Water Association IWA 
(International Water Assosiation), the Alexander von Humboldt Foundation, the EcoBaltica 
Forum or the Gdańsk Science Society. Starting my scientific career, I was invited from the 
Royal Academy in Sweden for the conference "VII-th International Youth Scientific and 
Environmental Safety Forum of the Baltic Sea Region" ECOBALTICA'08 ", which took 
place on June 26-28, 2008 in St St. Petersburg (Russia), where I received the prize for the best 
paper on "The effect of slow biodegradable substrate on the oxygen uptake rate in activated 
sludge systems" 'In 2009 I went on a three-month academic internship under the Erasmus 
program, Internship "at the Uniwersity of Castilla de La Mancha in Ciudad Real (Spain) and I 
completed a professional training at the Research and Development Center for the Restoration 
of the Natural Environment CIDRA ,, ALQIMIA" in Danmiel (Spain). In December 2009, I 
became the winner of the Pomorskie Voivodship award as part of the project "Innodoctorant - 
scholarships for PhD students, 2nd edition" awarded to authors of research with high potential 
for application. In June 2010 he received a prestigious award in the Young Researchers 
competition during the Scientific Congress of "Societas Humboldtiana Polonorum" co-
organized by the German Foundation Alexander von Humboldt. In July 2010, I participated in 
the 5th International Water Association Conference in Sydney (Australia), where I went as 
part of a conference scholarship for young scientists. It is also worth emphasizing that in 
August 2010, in the PAP (Polish Press Agency) website devoted to the most important events 
in Polish science, an article presenting the previous achievements of the Candidate in the field 
of sewage treatment technology was published. As a scholarship holder of the InnoDoktorant 
project, dr Drewnowski responded to the invitation of the Marshal of the Pomeranian 
Voivodeship and took part in a television debate entitled "Innovative for Pomerania" carried 
out by the regional branch of TVP INFO. Whereas in 2011 I was normalized by the President 
of the City of Gdańsk, late Paweł Adamowicz for the prize of Jan Uphagen for Outstanding 
Young Scientists and I received the Rector's Award. 
In addition, the initial part of research related to the area of my scientific interests was carried 
out as part of a project financed from the Innovative Economy Operational Program under 
sub-measure 1.3.1 entitled "Innovative coal source for denitrification support in municipal 
wastewater treatment plants" (INCAS), in which I was the contractor of task 1 - kinetic 
studies (Annex 4, point II.J.1., item 6). Based on the analysis of production technology in 
distilleries and distilleries, waste products (fusel oils, drainage from distillers after distillers 
and syrup) and intermediates (mash and raw alcohol) were created as external coal sources. 
Commercial products (methanol, ethanol and acetic acid) were also used as reference points. 
On the laboratory scale, conventional measurements of denitrification rate (NUR) and 
measurements in two-phase tests of release and anoxic phosphate uptake (PRR and PUR) 
were performed. The sediment increment factor was also determined based on OUR (oxygen 
uptake rate) measurements. 8 research series were carried out (in 2010-2012), performing a 
total of 58 tests (mostly in two parallel reactors). Additionally, as part of the research on the 
efficiency of leachate treatment in sediment management in the conventional nitrification-
denitrification system, nitrification and denitrification rates were determined in 2 test series, 
performing a total of 11 tests. I continued the rest of the research in this project after obtaining 
the doctoral degree. 
In parallel with the scientific work at the Gdańsk University of Technology, I gained 
professional experience working full-time and / or commissioned at the Research and 
Implementation Center "Unitex" and AB Projekt in 2005-2009. As part of my engineering 
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practice, I participated in the implementation of numerous investments, projects and studies 
related to water and sewage management in water, sewage and industrial plants as well as 
other facilities, including facilities operated by local administration units. In 2009, after 
submitting the 4-year engineering practice required by law (2 years in design and 2 years in 
contracting) confirmed in the book of engineering practices and positive exam results, I 
obtained full building qualifications for designing and managing construction works without 
any restrictions in the installation specialty in the field of networks , heating, ventilation, gas, 
water supply and sewage installations and equipment (Upr. nr POM/0233/PWOS/09, 
Gdańsk). As a result of the rights received in 2010, I received a worker mobilization 
assignment as a senior inspector of investor supervision in the Military Unit of the 17th 
Regional Airport Branch in Gdańsk. 
By the decision of the head of the Sanitary Engineering Department in didactic activity I was 
to focus on practical aspects related to installation materials, design in the field of sanitary 
networks and installations and mathematical modeling and computer simulation in the field of 
water and wastewater technology (including designing of water treatment systems, 
wastewater treatment and water recycling and renewal). Understanding the importance of 
knowledge and practical skills related to the implementation of projects and their impact on 
the didactic process, I have undertaken cooperation with design and implementation 
companies in the industry as well as producing devices, fittings (including measuring) and 
sanitary systems. I passed on my professional knowledge and experience to students during 
conducting classes within the Laboratory of Installation Materials Science and Computer 
Laboratory during classes on Optimizing Sanitary Systems. In addition, I organized a meeting 
of representatives of companies from the industry at the Gdańsk University of Technology, 
which allowed students to learn more about the latest technical and technological solutions 
and achievements in the field of sanitary engineering. However, thanks to the knowledge of 
languages (fluent in English and Spanish, as well as in a medium-advanced degree, I know 
Italian, confirmed by the Certificate), she maintains numerous international contacts during 
her PhD. with the University of Palermo, Italy and the University of Castilla de La Mancha in 
Ciudad Real and Universitat Politecnica de Valencia, Spain, which translates into promoting 
knowledge and technology in the world. 
 
 
5.2. AFTER RECEIVING THE DOCTOR DEGREE 
 
After obtaining the doctoral degree in 2014, an article by M.W. Sweeney, J. C. Kabouris Fri 
Modeling, Instrumentation, Automation, and Optimization of Water Resource Recovery 
Facilities in the JCR (Water Environment Research, Vol. 86, No 10) awarded by the US 
Water Environment Research Federation, presenting the most important achievements of 
scientists around the world in recent years, distinguishing including my original work on the 
modified ASM2d model, taking into account the novel approach to the hydrolysis process in 
activated sludge systems published in several JCR publications including: Water Science and 
Technology. 
My previous scientific achievements constitute about one hundred publications on national 
and international scale (including eight independent and others as co-authors). The last three 
works have been published in prestigious magazines (including "International Journal of 
Environmental Science and Technology" and "Water Science and Technology", "Water"), and 
in 2015 a book by Drewnowski was published. "The Hydrolysis of Slowly Biodegradable 
Substrate in Activated Sludge" in international language at the international publisher 
Lambert Academic Publishing, and the next textbook and publications distinguished by JCR 
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are in the process of review and / or printing. It is also worth emphasizing that I have 
repeatedly received the Rector's Award of the Gdańsk University of Technology for Young 
Science Employees for special scientific achievements in 2011 and 2013, 2014, 2015. 
In 2014 I was awarded the annual award of the Gdańsk Science Society and the Mayor of 
Gdańsk for young researchers in the field of technical sciences for a series of publications on 
mathematical modeling of slow substrate hydrolysis based on kinetic studies of biochemical 
processes occurring in the activated sludge chambers. However, in the years 2013-2015, I was 
awarded a scholarship in the first and second editions of the competition entitled "Center for 
Advanced Studies - Advanced PhD" as part of the "Project for the development of 
interdisciplinary doctoral studies at the Gdańsk University of Technology in key areas in the 
context of the Europe 2020 Strategy objectives." As part of the project, he participated, 
among others, in the summer school "DEX Summer School" in Austria in 2014 r. and a 
seminar on mathematical modeling and computer simulation in solving engineering problems 
in Norway in 2015. In 2016 I was invited to the scientific committee by the organizers of the 
specialist conference The 5th IWA/WEF entitled "Wastewater Treatment Modeling Seminar", 
Annecy France , 2-6 April 2016. 
The validity of research in this field is expressed by considerable interest of specialists in this 
discipline, due to the scientific problem not fully understood, as well as its high application-
utility values. These studies were supported by my full research and design cycle based on the 
current theory, experiments carried out in the laboratory and technical scale as well as 
computer modeling and simulation of both conventional activated sludge technology and 
more advanced MBBR or MFC. The innovative research conducted by me, continued and / or 
developed new issues after obtaining the doctoral degree, was awarded in 2017 at the 20th 
anniversary ECOBALTICA Forum - a presentation at the 20th international conference 
"ECOBALTICA 2017" - the 20th International Youth Scientific and Environmental Safety 
Forum the Baltic Sea Region Countries ". In addition, I also won the gold medal No. 402 and 
the award granted by the Chapter consisting of the President of the Ecobaltica Forum, prof. 
William Hogland - Linnaeus University, Sweden, prof. Ivan Sevchenko and Mikhail Sokolov 
- members of the Russian Acadamy of Sciences and other prominent scientists representing 
the Baltic Sea States for high quality research and previous contribution to promoting pro-
ecological attitudes and development of eco-innovative technologies during the Young 
Scientists Forum "ECOBALTICA-2017", which took place in Grodno (Belarus). 20. The 
International Water Association Award "IWA" at the 10th Eastern European Young Water 
Professionals (YWP) Conference awarded by the Chapter consisting of the Chairman of the 
Organizing Committee, Dr. Maryna Feierabend - IWA Fellow, GERMANY, Chairman of the 
Scientific Committee, prof. dr. Nemanja Trifunovic (IHE UNESCO and Delft Institute for 
Water Education) - NETHERLANDS and other outstanding scientists for high-quality 
research and distinctive contribution to the development of IWA Young Scientists Conference 
(YWP) in the Central and Eastern European Countries (University in Zagreb, Croatia). 
Due to the special purpose grant granted by the Ministry of Science and Higher Education in 
2016-2017, the interdisciplinary research related to the improvement of the kinetics of 
biochemical processes taking place in the research and development activities and related 
tasks, aimed at the development of young scientists and participants of doctoral studies, was 
carried out. activated sludge chambers. My work was qualified for the prestigious IWA 
conference "Frontiers International Conference on Wastewater Treatment" which took place 
in Palermo (Sicily, Italy) on 21-24.05.2017. I presented there a paper in the form of an oral 
session regarding the modeling and diagnostics processes of wastewater treatment plants in 
English and a poster in a porter session entitled "Mathematical Modeling in Diagnosis of 
WWTP". The publication appeared as a chapter in the post-conference monograph issued by 



Annex 4. 
Auto-abstract on the achievements of scientific and research activities, teaching and organizational  

of assistant professor (habilitation) candidate, PhD. Eng. Jakub Konrad Drewnowski 
 

 42

Springer and was recommended by the scientific committee of the conference for publication 
in the JCR journal (submitted for review). 
The current course of my professional career includes numerous domestic and foreign 
internships, work and professional practice in industry (including practical application of 
science confirmed by implementations) and participation in the implementation of 15 research 
projects (Annex 4, point II.J.1-2.,including the International Project of the Chinese 
Government, Ministry of Science and Higher Education, NCN-Sonata, " Norwegian Financial 
Mechanism", the European Union and the Operational Program" Innovative Economy ", 
which was awarded in the INNOVATION 2012 competition organized as part of the third 
edition of the TECHNICON-INNOVATIONS fair - Industrial Technology, Science and 
Innovation Fair, Gdańsk 25-26.10.2012), including other significant scientific achievements, 
are at a high scientific level and contain original research results being an individual 
contribution of the Candidate to the development of the scientific discipline of environmental 
engineering in the field of wastewater technology. My contribution to innovative research, 
which is of great importance for the further development of mathematical modeling and 
modern wastewater treatment technology based on biological methods, has been appreciated 
both in the country and internationally by the eminent scientists or local authorities 
representing, among others The International Water Association (IWA), the Alexander von 
Humboldt Foundation, the EcoBaltica Forum, the Gdańsk Science Society, the Rector of the 
PG or the Marshal of the Pomeranian Province and the Mayor of Gdańsk (Annex 4, point 
II.K.1-2., item 1-20). 
My knowledge about the removal of nutrients from wastewater and the use of computer 
simulation to optimize wastewater treatment processes I tried to use to solve specific 
problems in wastewater treatment plants appearing in Polish. The result was participation in 
numerous projects commissioned by administrative bodies or enterprises (Annex 4, point 
II.F.) some of which contained significant research elements. This particularly applies to 
projects at Sewage Treatment Plants in cooperation with, among others PWIK Opole Sp. z 
o.o., Wodociągi Słupsk Sp. z o.o. or the company ZapSoft Sp. z o.o., which required extended 
investigations of activated sludge, sewage composition and interaction studies between 
organic compounds present in these wastewater to implement active sludge models in 
optimization, control and / or diagnostics. 
My scientific achievements, apart from the issues discussed in Chapter 4, cover three main 
areas: 

1) development of internal and external models of organic carbon source for 
intensification of kinetics of biochemical processes occurring in the activated sludge 
chambers in municipal wastewater treatment plants. 

2) developing, using mathematical modeling and computer simulation, integrated, highly 
effective waste water treatment technology with a superior model-based control 
system to optimize biochemical processes and improve energy efficiency in municipal 
wastewater treatment plants. 

3) examination of the basic factors affecting the competitiveness of functionally 
differentiated nitrobic bacteria AOB-NOB in systems with a shortened nitrogen 
removal path, including the determination of the potential and applicability of, among 
others, process nitrytacja / anammox and / or deamonification for wastewater 
treatment using computer aided simulation research. 

 
Ad. 1) 
The subject of scientific research conducted by me after receiving the doctoral degree 
included the continuation of the subject of innovative sources of organic carbon for the 
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improvement of the kinetics of biochemical processes occurring in the activated sludge 
chambers of municipal wastewater treatment plants, which includes in the area of European 
Union (EU) activities "biological progress in agriculture and environmental protection" and so 
far it was implemented as part of research project 1 priority axis of the Innovative Economy 
Operational Program (thematic group "Bio"). In addition, my interests have been extended to 
include the use of mathematical modeling and computer simulation of activated sludge 
processes together with the development of the so-called "Good modeling methods" of both 
the design process and the control of the wastewater treatment plant in its daily operation, 
which translated into implementations that resulted in significant energy savings and financial 
benefits on several wastewater treatment plants. 
The priority task of protecting surface waters against pollution caused by municipal sewage is 
to ensure full biological wastewater treatment and increased removal of biogenic compounds 
in large and medium-sized urban agglomerations. In accordance with the adopted National 
Program for Municipal Sewage Treatment (NPMWW) by 2015, more than 1,700 wastewater 
treatment plants for the total amount of PLN 10.6 billion PLN were to be constructed, 
extended or modernized. Meeting the conditions for the removal of nitrogen from wastewater 
is possible in case of high efficiency of the denitrification process. For this purpose, it is 
necessary to provide the appropriate amount of organic carbon for the process, which is why 
it is often necessary to support denitrification with additional (so-called external) carbon 
sources. These are usually commercial products, such as methanol or acetic acid. An 
alternative method is the use of waste products or by-products from industry, which are 
characterized by a high content of organic compounds, easily absorbed by microorganisms 
used for wastewater treatment. One of such valuable coal sources in municipal wastewater 
treatment plants may be waste products from alcohol production (including post-production 
sewage from distilleries, raw spirit and by-product of alcoholic fermentation) as technology, 
among others intensification of the denitrification process. The purposefulness of undertaking 
such tests is confirmed by patent applications and implementation of results in recent years: 

2012 -   Developed and registered under number 46/12 at the Center for Knowledge and 
Entrepreneurship of PG, there is an invention entitled "Mixture to support the 
denitrification process in wastewater treatment plants at low temperatures" as 
part of a project co-financed by the European Regional Development Fund 
under the Operational Program Innovative Economy No. UDA-POIG.01.03.01-
22-140/09-01 pt. "An innovative source of coal for the support of denitrification 
in municipal wastewater treatment plants". 

2013 - Implementation of a solution supporting the denitrification process in the 
biological part of the "Ruptawa" treatment plant reactor in Jastrzębie Zdrój as 
part of a project co-financed by the European Regional Development Fund 
under the Operational Program Innovative Economy No. UDA-POIG.01.03.01-
22-140/09- 01 pt. "An innovative source of coal for the support of denitrification 
in municipal wastewater treatment plants". 

Currently, the mathematical modeling of kinetics of biochemical processes using activated 
sludge models from the so-called activated sludge is a standard in world science and 
engineering practice. ASM group (Activated Sludge Model). Their publication for the first 
time by the working group of the International Water Association (IWA) in 1987 opened new 
opportunities in the field of creating and using biokinetic models of wastewater treatment. A 
properly calibrated and implemented model in the right software is a powerful tool and has 
many applications both in engineering practice and in science. It allows for testing various 
scenarios and their effects on processes occurring in the examined object. Therefore, it is so 
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important to properly describe the course of individual biochemical processes and to reflect as 
accurately as possible the real transformations and reactions taking place in the model. 
Previous research has been successfully carried out at several large treatment plants located in 
the Pomeranian Voivodeship: "Gdańsk-Wschód" and "Gdynia-Dębogórze". On the basis of 
long-term laboratory tests and based on real measurements of process kinetics, ie 
denitrification, biological dephosphatation and oxidation of organic compounds carried out on 
both objects, it can be concluded that in wastewater after mechanical treatment, containing 
total COD fraction (as internal source of organic carbon in the form Xs and Ss - a slowly and 
easily decomposable substrate), these processes take place faster (up to 60%) than in 
wastewater subjected to coagulation and flocculation (without Xs). Developed by the 
Candidate in the GPS-X 5.1 simulation program (Hydromantis, Canada), the new active 
sludge model as a modification of the popular ASM2d model allowed for a significant change 
in the configuration of equations describing the kinetics of biochemical processes. The 
proposed model takes into account the concept of the so-called Two-stage hydrolysis of slow-
settling compounds (XS), which is a significant contribution to the development of modern 
knowledge about wastewater treatment technology, has improved, as it significantly improves 
the processes described by the well-known mathematical models of activated sludge (ASM). 
The modified model named ASM2h (from the hydrolysis process) takes into account the 
additional variable (XSH) and three new processes, i.e. the hydrolysis of XSH under anaerobic, 
anoxic and aerobic conditions. 
The XSH fraction was defined as the so-called "Indirect form of hydrolysis" resulting from a 
series of complex reactions occurring in the activated sludge. In addition, the introduced 
model was implemented using a special "Model Developer" module in a computer simulation 
program. What's more, the measurable end result of simulation research was the ability to 
determine whether Xs, which in significant quantities occurs in sewage, can affect the 
effective removal of biogenic compounds and compensate for carbon shortages in the 
biological wastewater treatment plant, which would directly reduce operating costs (no or 
significantly lower expenses on commercial compounds supporting wastewater treatment, 
such as methanol). What is more, the results of the research allowed to answer the question 
whether the lack of preliminary chemical precipitation to deplete sewage fraction of COD (in 
suspension and colloidal), containing mainly Xs is beneficial for supporting the biochemical 
processes in the activated sludge chamber (KOCz). The practical effect of this is the 
optimization of the work of preliminary settlers, along with the assessment of the desirability 
of removing significant amounts of suspensions, which could be effectively used in systems 
with biological removal of nutrients. 
Due to the similar characterization of municipal wastewater, it is expected that the final 
results of the Candidate's research will be widely used in the optimization of biological 
removal of nutrients and will be a significant alternative to the costly reconstruction of the 
technological system of the biological stage not only in large and medium-sized wastewater 
treatment plants. Pomeranian, but also in many other facilities of this type throughout the 
country. It is difficult to present at this stage any figures of expected financial benefits for 
wastewater treatment plants, however, on the example of developed EU countries, it can be 
concluded that the implementation of computer simulations and optimization before 
modernization allowed to protect most of the buildings against unnecessary and / or expensive 
construction works counted in millions euro. The purposefulness of undertaking such actions 
is confirmed by previous research carried out with the participation of the candidate as part of 
the research project of the Ministry of Science and Higher Education No. N523 069 32/2871 
"Computer-aided optimization of the nitrogen removal process in municipal wastewater 
treatment plants on the example of the Gdańsk-Wschód treatment plant where in 2010 the and 
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the mathematical model of the biological part of the "Gdańsk-Wschód" treatment plant 
reactor was implemented. 
I continued the fundamental part of research related to the first area of my scientific interests 
after obtaining the doctoral degree in the framework of the project financed from the 
Innovative Economy Operational Program under sub-measure 1.3.1 entitled "Innovative 
source of coal for the support of denitrification in municipal wastewater treatment plants" 
(INCAS), in which I was employed as part of task 1 - kinetic studies (Annex 5, point B, item 
3). Pilot scale tests were performed in the JHB flow reactor model using fusel oils as an 
external source of organic carbon. In total, five research series were carried out in the years 
2012-2013. Then, the technical scale tests were carried out in the main treatment sequence, 
which were carried out in 4 facilities with a size of over 100,000 PE. In the "Dębogórze" 
Group Wastewater Treatment Plant in Gdynia, the effect of dosing fusel oils on the 
effectiveness of the denitrification process was verified. In GOŚ, Łódź, the possibility of 
practical application of leachate from brew to distilled (less concentrated waste product from 
a distillery) was analyzed. However, as part of research at LOŚ in Poznań and the treatment 
plant in Jastrzębie-Zdrój, the adaptation of sludge to fusel oils was analyzed. In addition, the 
last of the treatment plants checked the possibility of improving the energy balance by 
directing the entire primary sediment to digesters and replacing it with fusel oils as a source of 
organic carbon for the denitrification process. 
In order to carry out tests on a technical scale, a technical documentation was prepared, and 
then an external coal source dosing station was built, in the form of a mobile, 2 m3 container 
station, adapted for dosing of flammable products (Annex 7, point B3, item 3). This station 
won the distinction in the competition INNOVATIONS 2012 at the Fair of Industrial 
Technology, Science and Innovation "TECHNICON - INNOVATIONS", Gdańsk, 2012 
(Annex 4, point II.K.2., item 1). 
With regard to leachate purification tests from the sludge management, such pilot scale was 
used - tests in SBR reactors with a capacity of 4 and 10 dm3, as well as technical - experience 
in SBR reactors with a capacity of 4 m3 (wastewater treatment plant in Słupsk) and 7 m3 
(wastewater treatment plant in Gdańsk ). 
Obtained results of kinetic studies on the laboratory, pilot and technical scale fully confirmed 
the possibility of using alternative sources of organic carbon, in the form of waste products 
from the distillation of spirit, as denitrifying agents in the activated sludge chambers of the 
main purification cycle, and nitrogen removal in shunting purification systems sewerage 
waters.A new model of activated sludge was also developed for the system of integrated 
nitrogen and phosphorus removal with the addition of an external carbon source, in the form 
of an "External Carbon Source Module, as an extension of the Activated Sludge Model No. 
2d (Activated Sludge Model No. 2d (ASM2d)".  Based on the results of the performed tests, 
patent application P.403354 "A measure to support the process of denitrification of 
wastewater in municipal wastewater treatment plants in conditions of persistent low ambient 
temperatures" was prepared, and the proposed solutions were implemented in the "Ruptawa" 
treatment plant in Jastrzębie Zdrój (Annex 4, point II.C.2., item 1-2). 
The results obtained in this project have been presented in numerous publications, including 
magazines with IF, and have been presented at several reputable international conferences and 
during seminars within the INCAS project. 
 
Ad. 2) 
In 2012-16 I received funding from the European Union as part of the PhD Advanced 
scholarship, as part of the project "Center for Advanced Studies - development of 
interdisciplinary doctoral studies at Gdańsk University of Technology in key areas in the 
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context of the Europe 2020 Strategy objectives" co-financed by the European Union from 
European funds Social Fund under the Operational Program "Human Capital" 
(POKL04.03.00-00-238/12) (Annex 4, point II.J.2., item 8). At the same time, with the use of 
MNISW targeted subsidies and commissioned works from industry (Annex 4, point II.F.1-2., 
item 1-6), I carried out laboratory and technical tests on several mechanical and biological 
wastewater treatment plants, including Słupsk, Gdańsk, Gdynia, Opole and Kędzierzyn-
Koźle, covering the areas of northern and southern Poland. 
The main part of the research was related to the development of computer models for 
bioreactors of a given treatment plant: hydrodynamic oxygen chamber of a bioreactor with 
activated sludge (eg MUCT, Bardenpho, A2O) and biokinetic ASM2d (Activated Sludge 
Model No. 2d) in WEST and GPS-X software (Hydromantis, Canada). 
In order to determine the basic flow parameters for the original ASM2d model, tracer tests 
were performed using the "Rodamine" marker and flow rate measurements at the inlet to the 
bioreactor. In addition, the results of concentration determinations of selected indicators at 
selected points of the bioreactor were used. For the calibration and validation of the model, 
the results obtained during 4-day continuous measurements in the MUCT bioreactor from 
wastewater treatment plant in Gdańsk and results of nitrification rate, denitrification, release 
and phosphate rates measurements in laboratory conditions were used, which due to the 
similar composition of wastewater and the nature of other the tested treatment plants were 
used as reference. The biological degree was carried out in a single-stage process of activated 
sludge, with integrated removal of organic pollutants and nitrogen and phosphorus 
compounds in a biological reactor characterized by automatically controlled variable oxygen 
conditions of the environment. The control of the processes occurring in the biological reactor 
was based on the results of on-line measurements of the concentration of dissolved oxygen as 
well as NH4 and NO3. The full cycle of wastewater treatment could consist of three basic 
phases: aerobic (nitrification), hypoxic (denitrification) and anaerobic (phosphate release). 
The duration of the aerobic phase, during which organic compounds are removed, phosphate 
accumulation and nitrification, was determined in the master control program including the 
regulation of the dissolved oxygen concentration. After the end of the aerobic phase, the 
anoxic phase begins, during which the control system analyzes the results of redox potential 
measurements and identifies changes characteristic of the disappearance of nitrates in the 
environment. 
Conducted research extended by mathematical modeling and computer simulation fully 
confirmed the possibility of obtaining a very high efficiency of removing nitrogen compounds 
in the flow chambers of activated sludge. It was proved that the concentration of ammonium 
and nitrate nitrogen in sewage flowing out of the majority of tested wastewater treatment 
plants was stabilized both in summer and winter conditions and was on the level from trace 
values (below 0.1 mg N/dm3) to a few mg N / dm3, and the efficiency of nitrogen removal 
exceeded 90%. On the occasion of optimization in the "Dębogórze" Wastewater treatment 
plant in Gdynia, the aeration process in the aerobic phase of the bioreactor caused a reduction 
of costs related to electricity consumption by about 15-20%, and high efficiency was achieved 
both in the period (about 20 ° C) and low temperatures (approx. 12 °C). 
          Then in the years 2016-17 being the project manager under the MNISW special 
purpose grant "Computer-assisted optimization of activated sludge processes on the example 
of wastewater treatment plants" and also participating in the implementation of the project in 
cooperation with ZapSoft Sp. z o.o. and Chorzowsko-Świętochłowicki Przedsiębiorstwo 
Wodociągów i Kanalizacji Sp. z o.o., pt. "Model control strategy in Klimzowiec wastewater 
treatment plant using COD measurements." As part of these two projects, a comprehensive 
municipal wastewater treatment model was developed, including sewage sump (primary 
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settling tank and activated sludge chambers with integrated biological removal of organic 
compounds, nitrogen and phosphorus) and sedimentary (including mainly closed fermentation 
chambers). 
Activated Sludge Model No. 2d (Activated Sludge Model No. 2d (ASM2d)) and anaerobic 
digestion model (Anaerobic Digestion Model 1 (ADM1)) are used for modeling. Based on the 
developed model using the computer simulation platform WEST and the MATLAB program, 
a comprehensive PreviSys system in the control of the entire wastewater treatment plant in 
Klimzowiec was implemented based on a mathematical model. From the beginning to the 
present, research and analysis of various new strategies including, among others, energy and 
financial optimization. The aim of this project is to develop a technology enabling practical 
application of the principles of sustainable sewage and sediment management in municipal 
wastewater treatment plants, taking into account technological, energy and economic aspects 
as well as reducing greenhouse gas emissions. Therefore, it complements and develops earlier 
areas of my scientific interests. The goal, scope and already completed research have been 
presented at two reputable international conferences (Annex 4, point II.L.2., item 14 and 16). 
 
Ad. 3) 
Since 2017, I participate in the implementation of the international scientific cooperation 
project "One Belt-One Road" for Young Scientist financed by the Chinese government under 
the regional funds Shanghai International Collaboration Project (Annex 5, item B1, item 5). 
The project involves two technical universities (Poland, Gdańsk University of Technology 
and China, Tongji University). As part of this project, I am currently completing a scientific 
internship at the Tongji University in Shanghai and I participate in the implementation of one 
of the two research topics related to "Modeling anammox/deamonification process in 
municipal wastewater treatment plants to reduce energy consumption and greenhouse gas 
emissions" and I run courses and scientific workshops for 2nd and 3rd grade students in China 
as so-called "Visiting Professor". In order to enable continuous testing in laboratory 
conditions, documentation was developed and the "Laboratory device for measuring the 
efficiency of the anammox process" at the Tongji University in China was built. However, 
pilot scale tests are carried out in a research device specially designed and made in China, ie a 
sequential biological reactor for pilot tests carried out in WWTPs. (Annex 4, point III.J., item 
4). 
Currently the research carried out in China has been done on a laboratory scale and fully 
confirmed the effectiveness of the nitrite-anammox / deamonification process in removing 
nitrogen from wastewater. After a period of about 3-6 months, it was also possible to grow a 
granular anammox deposit, with much better sedimentation properties. One of the basic 
problems associated with the practical application of this technology in wastewater treatment 
plants is the high cost of purchasing a suitable biomass of sludge, most often offered as a 
commercial product covered by a patent. The tests have shown that it is possible to reduce 
these costs by adapting the activated sludge available in each wastewater treatment plant, with 
only a small addition of sludge with developed anammox bacteria strains. In addition, 
purification costs in the anammox process can also be reduced by lowering the process 
temperature, especially in leachate. It has been shown that this process is effective in a 
relatively wide range of temperatures (from 15 to 40oC). The current work is aimed at the 
application of mathematical modeling and computer simulation in order to determine the 
optimal operating conditions, including the method of aeration and dissolved oxygen 
concentration, the range of pH variability and the proportion of length of individual phases. 
An additional effect of implemented projects, applicable in engineering practice, is also the 
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model of activated sludge, including the mechanism of nitrating-anammox / deamonification 
process and the accumulation of nitrous oxide. 
At the same time, I am pursuing the second area of my scientific interests in Poland as part of 
the NCN-Sonata 13 research project: "Factors influencing the competitiveness of functionally 
diverse nitrobic bacteria AOB-NOB in systems with a shortened nitrogen removal path" 
(Annex 5, item B3, item 15) The aim of the project is to analyze factors affecting the 
competitiveness of functionally different nitrosification bacteria AOB-NOB (ang. Ammonia 
Oxidizing Bacteria and Nitrite Oxidizing Bacteria) in systems with a shortened nitrogen 
removal path (N). The essence of the project is to learn about the mechanisms responsible for 
the selection of microorganisms involved in the preliminary processes of nitrogen compounds 
transformation in wastewater treatment systems (also within the AOB-NOB bacteria). 
Another important aspect of the project is the selection of optimal parameters for conducting 
biological wastewater treatment processes to ensure effective the course of removing nitrogen 
compounds. Currently, research works are planned on qualitative and quantitative analyzes 
illustrating the dynamics of changes within microbial communities that form active sludge 
biocenosis and/or granular sludge depending on the selected technological parameters 
(concentration of activated sludge and the resulting share of biomass developed in the form of 
activated sludge and/or flocks in the form of granulated sludge, age of sediment, aeration 
strategy, temperature, pH, nitric acid concentration (III) and ammonia overload). 
Our own research carried out in the Department of Sanitary Engineering, Faculty of Civil and 
Environmental Engineering, Gdańsk University of Technology and a part of the University of 
Tongji in Shanghai, China allow us to formulate the following research hypotheses: 
- optimization of process parameters promoting the development of AOB (including 
shortened nitrification / annamox and / or deamonification), affecting the competitiveness and 
functional diversity of nitrofication bacteria AOB-NOB in systems with shortened N removal 
path (sediment age, temperature, dissolved oxygen concentration, pH, nitric acid (III) 
concentration and ammonia overload) is possible on the basis of AUR/OUR kinetic studies 
and then SBR tests along with microbiological tests; 
- the use of advanced tools of mathematical modeling and computer simulation, will allow for 
the development of optimal conditions for the course of processes (including shortened 
nitrification/annamox and/or deamonification) or a closer understanding of the more effective 
way of removing N. 
Research in accordance with the project schedule will be implemented from the second 
quarter of 2019 after the production of appropriate biomass in a laboratory model of 
sequential SBR reactor with a total volume of 10 L. Synthetic sewage will be supplied to the 
model using a peristaltic pump. The contents of the tank in the reaction phase will be mixed 
with a low speed mechanical stirrer. The compressed air during the oxygen phases will be 
delivered by means of a blower and a dispersive element. The project provides for two groups 
of the above experiments, i.e. 1) short (several hour) batch tests of the process speed AUR, 
OUR depending on the origin of activated sludge samples and selected environmental 
parameters; 2) long-term SBR tests for the leaching of micro-organisms in the second phase 
of nitrification. In addition to technological tests, a diverse set of microbiological analyzes is 
planned (new-generation sequencing, real-time PCR). During testing short-term key research 
task will be to determine the qualitative and the quantitative composition of the population of 
nitrification bacteria I and II phase. Therefore, it is important the aspect of basic research will 
be to compare the composition of bacterial biocenoses found in them and to determine the 
kinetics of OUR and AUR processes. Mathematical modeling and computer simulation will 
be carried out in specialized GPS-x software. 
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The obtained research results in the future may contribute to a fuller knowledge and 
technological optimization of highly effective wastewater treatment along with simultaneous 
minimization of cubic capacity and energy consumption in bioreactors (aspect of civilization 
development). At present, they should be classified as the result of basic research, constituting 
the next step in the development of three scientific areas: environmental engineering, 
biotechnology and mathematical modeling. Their scientific value will be based on a unique 
comprehensive approach to understanding the interactions of co-existing AOB-NOB 
microorganisms in systems with a shortened N removal path in one reactor in combination 
with the results of technological and microbiological research as well as mathematical 
modeling and computer simulation. 
The results obtained in these two projects have already been presented in several seminars in 
China, including one was sent and accepted and will be delivered at the renowned 
international IWA YWP conference in Toronto, Canada, June 23-27, 2019. In addition, 
another publication for the JCR journal having IF is being developed in parallel. 
 
 
6. THE SUMMARY OF SCIENTIFIC ACHIEVEMENTS 
 
My research interests from the beginning of my professional career have remained in a wide 
area of application of computer methods for the implementation of highly effective 
wastewater treatment systems, but over time they have been gradually evolving and focused 
on more specific specialist issues: from simple use of computer simulation, through in-depth 
studies of theoretical foundations of mathematical modeling process of activated sludge, up to 
issues related to the development and optimization of more advanced technologies (including 
MBBR, MFC) or practical aspects of the application of simulation research in wastewater 
treatment plants. Subsequent areas of scientific interest discovered by me have always been 
inspired by the results of my earlier research and observations of the directions of 
development of this field of science in Poland and in the world. 
During the whole period of the research I conducted, they concerned the ways of using 
mathematical modeling and computer simulation to solve specific scientific challenges 
together with the combination of operational and design problems. Hence, these studies 
were focused on: 
- technological verification of the multi-phase activated sludge process at the design, 
modernization and operation stages (annex 3, 4.2.5 and 4.2.8) of the wastewater treatment 
plant; 
- assessment of the technological benefits resulting from the practical application of the 
programs 
simulation in medium and large-scale wastewater treatment plants (Annexes 3, 4.2.5 and 
4.2.9); 
- assessment of the technological and economic effects of mathematical models used to 
control municipal wastewater treatment plants (Annexes 3, 4.2.8 and 4.2.9). 
 
The results obtained have confirmed that a properly used computer simulation can be a 
valuable tool for solving various design and operational problems in municipal wastewater 
treatment plants. Allows 
she would get such information about the system being tested that would be difficult or even 
outrightimpossible to obtain by other methods. This particularly applies to research conducted 
in to determine the behavior of a given system under dynamic conditions (e.g., discharges of 
large loads of pollutants into the sewerage network, including sewage inflow industrial or rain 
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water, etc.). The results of the research have also shown that the use of computer simulation 
in practice encounters various barriers, the most serious of which is the lack of experience in 
conducting research and the time-consuming and cost-consuming nature of those research 
stages that are related to the collection, analysis and verification of input data. Operational 
practice shows that without overcoming these barriers, one can not count on the 
popularisation of the use of computer simulation in wastewater treatment plants. The results 
of the research and the conclusions drawn based on them were presented in the form of 
several articles in the journal from the JCR list (Annex 4, point I.B., item 5-9), 2 papers 
presented at national conferences (Annex 4, point II.E.2., item 35, 39), 6 presentations at 
international conferences (Annex 4, point II.E.2, item 38, 41, 47, 58-60), as well as three 
chapters in foreign monographs (Annex 4, point II.E.2., item 4, 5, 8). 
The conclusions from the above research and my experience in conducting simulation 
research have directed my further research activity on the subject of increasing the efficiency 
of simulation research conducted in municipal wastewater treatment plants through 
their rationalization. I came to the conclusion that these actions should go both towards 
reducing the complexity of the applied mathematical models (including in particular activated 
sludge models) through appropriate application of partial models in the context of the 
assumed research objective and rationalization of simulation research planning. I carried out 
these tasks in the form of research on the following specific issues: 
- assessment of existing calibration protocols for activated sludge models at an angle 
the possibilities of simplifying them (Annex 4, point I.B.2., item4, 9); 
- analysis of practical aspects of the use of computer simulation in municipal 
wastewater treatment plants (Annex 4, point II.A.2., item 5-7) 
- verification of the possibilities of rationalization of simulation tests in municipal wastewater 
treatment plants in order to popularize their use (Annex 3, B.6.3-4). 
My research has shown that existing calibration protocols can be a helpful tool allowing to 
"normalize" the methodology of conducting simulation research, and thus reduce the 
uncertainty of the results of the developed model. However, individual protocols differ 
significantly and the decision to use one of them must be made 
preceded by an analysis of its specificity for the purpose of the research specified earlier. 
Also, irrespective of the type of calibration protocol used, there are often possibilities of 
rational simplification or even giving up certain stages of research, if it justifies planned 
research goal and their reliability is assured. This may especially apply to the stage collection, 
analysis and verification of data used to calibrate the model as well data for its validation, and 
to some extent also the course of calibration and validation of the model. 
It was found that the consistency and representativeness of input data used in simulation 
research is their most important feature, even predominating over their accuracy. The 
significance of the sensitivity analysis and the analysis of the uncertainties performed for the 
basic parameters of the model for determining the area of its validity was also confirmed. The 
results of the conducted research were disseminated in the form of publications covering one 
article in the journal from the JCR list (Annex 4, point I.B., item 1), 1 of monograph (Annex 
4, point II.E.2, item 1) and several papers published in conference materials, including 
(Annex 4, point II.E.2, item 10-14). 
My work on methods of application of partial models during simulation research inspired my 
current interest in the issue of mathematical modeling of systems with the shortened path 
of the nitrification process (eg nitrification/anammox and/or deamonification), including 
greenhouse gas production in the multi-phase activated sludge process. It resulted both 
from my observations made during research carried out in various wastewater treatment 
plants, and the analysis of the directions of development of mathematical models of activated 
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sludge in the world. This development in recent years has been stimulated by the growing 
interest in the subject of greenhouse gas emissions from anthropogenic sources. From the 
beginning, when the first model describing a new strain of bacteria called "Anammox" in the 
process of activated sludge, mathematical descriptions of various mechanisms of the 
shortened path of the nitrification process (eg nitrification/anammox and/or deamonification) 
and manufacturing of, among others, N2O were gradually incorporated into the models of 
multi-phase activated sludge. I decided that this is a new and very developmental direction of 
the evolution of active sludge models, which will significantly expand the possibilities of 
practical use of simulation research in wastewater treatment plants. This issue is closely 
related to my previously described research area, both in its theoretical and practical aspects. 
While working on this topic, I focused on the following specific topics: 
 
- Development of an integrated model of sustainable municipal functioning 
wastewater treatment plant (Annex 4, point I.B., item 4, 8); 
- The use of simulation tests to improve the energy balance of mechanical and biological 
wastewater treatment plants including including MBBR, MFC technologies still being 
developed (Annex 4, point I.B., item 3, 6, 7, 8) 
- Assessment of the possibility of reducing greenhouse gas emissions with significantly 
reduced aeration and lack of dosing of organic compounds as a result of short nitrification 
technology (nitrification / anammox and / or deamonification) in municipal wastewater 
treatment plants (Annex 4, point II.E.2, item 61-62). 
The results of my research have shown that the difficulties associated with mathematical 
modeling of biological wastewater treatment processes have two important causes. The first 
one is still incomplete knowledge about the processes of short nitrification (nitrification/ 
anammox and/or deamonification), including those leading to the formation of N2O, in 
particular in the processes carried out by AOB, NOB. The second reason is the limited 
possibility of practical verification of the results obtained from the developed models, 
resulting from the measurement difficulties of the actual competition of the above-mentioned 
autotrophic bacteria in the technical scale in the operating conditions of the wastewater 
treatment plant. Nevertheless, the existing and still new development of mathematical models 
should be more or less effectively integrated with microbiological research or N2O production 
as essential components of the wastewater treatment plant model during simulation research. 
This will allow a more complete mapping of biochemical processes in relation to both the 
water environment and the emission of gaseous pollutants into the atmosphere. Thus, it will 
show the possibility of developing a comprehensive model of shortened nitrification 
technology (nitrating/anammox and/or deamonification) in municipal wastewater treatment 
plants, which is one of the topics of my current research. I presented the results of the 
research in the form of an invited paper (Annex 4, item III.B.2., Item 10), 1 article in national 
magazines (Annex 4, point II.E.2, item 28), 1 chapters in foreign monographs (Annex 4, 
point, II.E.2, item 9), and one paper in the foreign conference materials (Annex 4, item II.E.2, 
item 61). 
In addition to the three research areas outlined above, my interests also included other topics 
that did not fit directly into the mainstream of my research activities. These included, among 
others, the following topics: 
- use of UF, RO or MBBR membrane techniques in pre-treatment of industrial wastewater or 
wastewater treatment (Annex 4, point IB, item 2.6, II.E.2, item 21); 
- selection of technology for wastewater treatment in small wastewater treatment plants 
mainly based on MBBR and MFC technology (Annex 4, item I.B., item 2,3,6) 
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- sustainable management of water resources, especially in the context of drinking water 
quality protection using new filtralite filtration media and the use of UF / RO technology for 
industrial wastewater recovery (Annex 4, point II.E.2, item 19, 21). 
The results from these studies were presented by me in a number of articles, including in 
industry magazines (Annex 4, point, II.E.2, item 26), from the list of Ministry of Science and 
Higher Education (Annex 4, point, II.E.2, items 19, 21) and conference speeches (Annex 4) , 
point, II.E.2, items 52, 54, 56). 
 
Cooperation with industry 
The research issues presented above are also the topics of my work carried out as part of 
cooperation with the industry. I conducted such research, among others in 
municipal wastewater treatment plants in Gdańsk, Gdynia, Łódź, Słupsk, Kędzierzyn-Koźle 
and Opole. Research carried out by me, among others in the Wastewater treatment plant in 
Słupsk or Klimzowiec (Annex 4, point II.F.2, items 2 and 6) showed the important role that 
computer simulation can play in the process of designing new technological systems or 
modernizing existing systems. The subject of my research was to determine the possibilities 
and conditions for increasing the load on a single processing line in a part of the biological 
treatment of the treatment plant. Simulation studies made it possible to verify design 
assumptions both in averaged (static) conditions and in variable (dynamic) conditions. Similar 
research was carried out for the wastewater treatment plant in Gdynia (Dębogórze) (Annex 4, 
point II.J.1, items 1 and 3) and wastewater treatment plant in Gdańsk (Wschód) (Annex 4, 
point II.J.1 , items 2 and 3). 
I repeatedly used computer simulation to solve operational problems at the wastewater 
treatment plant in Kędzierzyn-Koźle and Opole, Poznań, Łódź and Jastrzębie Zdrój. These 
problems concerned, among others determination of the maximum load of the biological 
reactor (Annex 4, point II.F.2, item 2), the impact of external carbon sources dosing on the 
intensification of the denitrification process and on the operation costs of the treatment plant 
(Annex 4, point II.F.2, pos. 4), evaluation of the efficiency of activated sludge aeration system 
(Annex 4, point II.F.2, item 3) and determination of permissible loads and concentrations of 
pollutants that can be brought to the treatment plant under dynamic conditions (Annex 4, 
point II. F.2, item 5.6). My latest research using computer simulation will concern the 
assessment of the possibility of increasing the technological efficiency of wastewater 
treatment plants using short nitrification technology (eg nitrification / anammox and / or 
deamonification) with significantly reduced aeration and lack of dosing of organic 
compounds in the context of pre-treatment of implemented research projects: NCN - Sonata 
13 pt. "Factors influencing the competitiveness of functionally diverse nitrifying bacteria 
AOB-NOB in systems with a shortened nitrogen removal path" and the International Program 
of Scientific Cooperation "One Belt-One Road" No. 17230741000 - Young Scientist Visiting 
Project financed by the Chinese government under regional funds Shanghai International 
Collaboration Project. 
 
International activity 
From the very beginning of my scientific and research activity, I attach great importance to 
active cooperation with foreign centers and international institutions. Immediately after 
Poland's accession to the European Union in May 2004, I participate in many international 
exchanges and research projects. As a student at the Gdańsk University of Technology, I went 
to the beginning of 2005 for part-time studies at the University of Palermo (Sicily, Italy) as 
part of the Socrates-Erasmus program. During this period, at the invitation of prof. Ricardo 
Scalenghe actively participated in 11 week scientific sessions, during which I participated in 
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the research project of the EU Program carried out by research teams from different countries 
(Germany, France, Spain). Then in 2009, as a PhD student, I carried out a research project 
during a three-month academic internship under the LPP-Erasmus program "Practice" at the 
Univeristy of Castilla de La Mancha in Ciudad Real (Spain) and I completed a professional 
training at the Research and Development Center for Natural Restoration of CIDRA ,, 
ALQIMIA "in Danmiel (Spain). In turn, in 2012, just after completing my doctorate at the 
invitation of the University of Castilla de La Mancha in Ciudad Real (Spain) I participated as 
a reviewer and foreign expert in the international commission while defending the doctoral 
dissertation p. David Infantes Serrano Fri 'Tratamiento anaerobio acidogenico de efluentes de 
la industria vitivinicola. In the following years 2014 and 2017, after PhD I completed a 
scientific internship at the world's leading centers at the University of Valencia (with the team 
of Prof. Aurora Seco) and the University of Valencia (with Prof. Jose Ferrer) (Spain) and at 
the University of Durban (with team of Prof. F. Bux) (South Africa). As part of this 
cooperation, several joint publications were created (including Annex 4, point IB, item 9 and 
II.E.2., Item 62). 
In addition, since 2010 I am a member of the International Water Association - International 
Water Assotiation (IWA) and since 2016 I am a co-founder along with prof. A member of the 
Polish committee of IWA Poland and at the same time the secretary of the association as well 
as the head of the section of young scientists from the YWP. As a result of many years of 
cooperation, I received the "IWA" award at the 10th Eastern European Young Water 
Professionals (YWP) Conference awarded by the Chapter consisting of the Chair of the 
Organizing Committee, Dr. Maryna Feierabend - IWA Fellow, GERMANY, Chairman of the 
Scientific Committee, prof. dr. Nemanja Trifunovic (IHE UNESCO and Delft Institute for 
Water Education) - NETHERLANDS and other outstanding scientists for high-quality 
research and distinctive contribution to the development of IWA Young Scientists Conference 
(YWP) in the Central and Eastern European Countries, Zagreb, Croatia, (2018). In addition, I 
was also awarded by the Rector of the PG for organizing the Polish IWA conference for 
young scientists of the YWP, including in 2016 in Gdańsk, 2017 in Kraków, seminar for 
young scientists in Poznań in 2018 and I am continuing with the next edition of the currently 
prepared IWA VWP 2020 conference in Warsaw as the vice-chairman of the organizing 
committee. 
As part of the aforementioned cooperation, I have repeatedly carried out scientific supervision 
of foreign students / PhD students from various centers (including the promoter of 2 master's 
theses from Valencia Polytechnic, supervisor of doctoral student from China and Iran) 
conducting research at Gdańsk University of Technology (Annex 4, point III .J.2, III.K). 
I actively support the exchange of experiences and research results through participation in 
large international conferences and seminars, mainly IWA. In 2009, during the 1st 
International IWA Conference of the YWP in Minsk, Belarus, I presented my paper which 
was awarded. Thanks to that I was invited as the only representative from Poland to present 
the paper in 2010, where IWA was able to actively participate in the 5th IWA YWP Congress 
in Sydney (Australia) in the presentation of my research in the lecture (Annex 4, point , IIK.1, 
item 4). In 2015, 2016, 2017, 2018, in addition to presenting numerous papers in the form of 
papers / posters, I was also the co-chairman of the session during the International Conference 
IWA YWP taking place successively in Belgrade (Serbia), Gdansk, Budapest (Hungary), 
Krakow, Cape Town (South Africa), Zagreb (Croatia). In addition, I represented the 
associations of IWA Polska in Cape Town (South Africa) where he was officially invited as 
the chairman of the section of young scientists IWA YWP in Poland. In addition to the oral 
presentation Fri "Advanced monitoring and computer simulation for cost-effective WWTP", 
which I gave at the last session closing the IWA YWP world congress, was additionally 
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honored by the organizing committee and together with young scientists from Austria (Dr. 
CH. Loderer), Hungary (Dr. V. Bakos ) and Poland (MA J. Wieczorek) I was invited to carry 
out a series of specialist workshops titled "Developing successful proposal: grants and funds" 
due to significant international cooperation and excellent results in obtaining financing for the 
needs of scientific development and self-improvement. Last year I obtained, among others, 
the Sonata research project from the National Science Center, a grant funded by the Chinese 
government, Erasmus project financing for an internship at the University of Durban, South 
Africa and an invitation as KeyNote Speaker at the international conference "Technoscape" 
where he received funding from the Vellore Institute of Technology-VIT, India. I am 
currently in an internship at the Tongji University in Shanghai, where as a result of 
cooperation with the Gdańsk University of Technology I received as a first from Poland a 
young scientist invitation from the key program of the government of the People's Republic of 
China entitled "One Belt One Road" branded by the President of China Xi Jinping (Annex 4, 
point, IIIL.2, item 18). 
In addition, in 2016 I was invited to the scientific committee by the organizers of the 
specialist conference The 5th IWA / WEF entitled "Wastewater Treatment Modeling 
Seminar", Annecy France, 2-6 April 2016, where I reviewed over 15 papers in one of 10 work 
teams. In addition, I was a member of the scientific / organizational committee also in several 
other national and international conferences, including MIS in Warsaw, 2018, IWA YWP in 
2015, 2016, 2017, 2018 which took place successively in Belgrade (Serbia), Gdańsk (Poland), 
Budapest (Hungary), Kraków (Poland), Zagreb (Croatia) and planned at 2019 and 2020 IWA 
YWP, Prague (Czech Republic) and Warsaw (Poland). 
However, in the years 2013-2015, I was awarded a scholarship in the first and second editions 
of the competition entitled "Center for Advanced Studies - Advanced PhD" as part of the 
"Project for the development of interdisciplinary doctoral studies at the Gdańsk University of 
Technology in key areas in the context of the Europe 2020 Strategy objectives." As part of the 
project, he participated, among others, in the summer school "DEX Summer School" in 
Austria in 2014 r. and a seminar on mathematical modeling and computer simulation in 
solving engineering problems in Norway in 2015. Moreover, in connection with the 
designated MNiSW special purpose grant in 2016-2017 for financing activities consisting in 
conducting scientific research or development works and tasks The interdisciplinary research 
connected with the improvement of the kinetics of biochemical processes taking place in the 
activated sludge chambers was carried out with them, which were used for the development 
of young scientists and PhD students. My work was qualified for the prestigious IWA 
conference "Frontiers Intern ational Conference on Wastewater Treatment "which took place 
in Palermo (Sicily, Italy) on 21-24.05.2017. I presented there a paper in the form of an oral 
session regarding the modeling and diagnostics processes of wastewater treatment plants in 
English and a poster in a porter session entitled "Mathematical Modeling in Diagnosis of 
WWTP". The publication appeared as a chapter in the post-conference monograph issued by 
Springer and was recommended by the scientific committee of the conference for publication 
in the JCR journal (submitted for review). 
Participating in the 20th international conference "ECOBALTICA 2017" in 2017, I presented 
the results of my research on the use of computer simulation in the competition research on 
nitrification bacteria AOB and NOB (Annex 4, item II.E.2, item 89), during the closing 
session . The presented paper was awarded and I received the award at the international 
jubilee "XX ECOBALTICA Forum" - the 20th International Youth Scientific and 
Environmental Safety Forum of the Baltic Sea Region. In addition, I also won the gold medal 
No. 402 and the award granted by the Chapter consisting of the President of the Ecobaltica 
Forum, prof. William Hogland - Linnaeus University, Sweden, prof. Ivan Sevchenko and 
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Mikhail Sokolov - members of the Russian Acadamy of Sciences and other prominent 
scientists representing the Baltic Sea States for high quality research and previous 
contribution to promoting pro-ecological attitudes and developing eco-innovative 
technologies in the Baltic region during the "ECOBALTICA-2017" Young Researchers 
Forum held in Grodno (Belarus). 
In 2018, I was invited to give a plenary paper on the use of computer simulation in 
wastewater treatment at the inaugural session III. International Congress of TechnoScape 18 
"Sustainable Water Resources - Innovations and Impacts" held in Vellore (India) (Annex 4, 
point III.N.2, point 5). Until now, I have personally reviewed about 50 abstracts, papers and 
other research and scientific works of an innovative, research and demonstration character, as 
well as those made in cooperation with the industry mainly as part of international activities at 
IWA. 
 
6.1. BEFORE OBTAINING THE DOCTOR'S DEGREE 
 
n the years 2006 - 2012, I published a total of approximately 55 scientific papers. I was, 
among others co-authored 3 articles in IWA and WERF journals - JCRs with IF (Annex 4, 
item II.A.1) and one publication constituting a chapter in a monograph with international 
reach (Annex 4, item II.E.1 item 2), as well as one publication constituting a chapter in a 
national monograph (Annex 4, item II.E.1, item 3) and six articles in peer-reviewed journals 
(Annex 4, item II.E.1, items 3-9) and 1 article in the IWA periodical - peer reviewed in the 
Web of Science / Scopus databases in electronic form (Annex 4, item II.E.1, item 10). 
However, the main part of my publications' output is about 40 scientific papers presented 
presentations or posters and articles in conference materials (including the majority of IWA in 
international language) (Annex 4, item II.E.1, items 13-51) ). 
I was the main contractor of the supervisor's grant funded by the Ministry of Science and 
Higher Education 52681 No. N-523-422-437 Fri. "Effect of slow-digestible substrate on the 
kinetics of biochemical processes in the activated sludge chamber" as a result of its 
implementation, a PhD thesis and final report was created (Annex 4, item II.E.1, items 1 and 
12). In addition, I was a contractor of 6 national and 3 international research projects, which 
resulted in final reports and numerous JCR publications, which I co-authored. 
I presented the results of my research in person at 5 international and 4 national conferences / 
seminars (Annex 4, item II.L.1-2), in which I participated or co-authored were presented as 
presentations / posters at more than 30 international and national congresses, conferences, 
seminars, workshops. The cognitive and application values of my scientific and research work 
were highlighted 6 times, including one individual award of the Rector of the Gdańsk 
University of Technology for scientific achievements for young employees, or IWA, 
Humboldt, EcoBaltica Forum and Pomeranian Voivodship as part of the project 
"Innodoktorant - scholarships for doctoral students (Annex 4, point II.K.1., pos. 1-6). 
I also did scientific work in cooperation with industry, studies and technological and 
technological projects, works on construction sites being simultaneously employed at the 
Unitex Research and Implementation Center (EuroWater Group, Denmark), where after 4 
years of practice (2 years in design and 2 years on the construction site) and passing state 
exams, I obtained full permission to design and manage construction in the sanitary industry 
in 2009. 
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6.2. AFTER OBTAINING THE DOCTOR'S RATE 
 
In the years 2012-2019, I was the author and co-author of a total of about 100 scientific 
papers, including about 45 scored and about 12 works in journals with IF (Annex 4, item IB, 
items 1-9, item II.A.2. item 1-6), 1 international monographs, 1 didactic textbook on a 
national scale, 7 articles constituting a chapter in a monograph on international scale, 6 
articles constituting chapters in national monographs, 5 articles in the journal Web of 
Conferences - a peer-reviewed , published in Web of Science / Scopus databases in electronic 
form, 9 works in peer-reviewed journals and other continuous publications (Annex 4, item II, 
E. 2. item 1-24). 
I was the author and co-author of 1 electronic publication (Annex 4, item II.E.2, item 25) and 
60 conference publications, including conference materials - peer-reviewed 22 (including 20 
in English) (appendix 4, point II.E.2., Items 30-91). I was also the author and co-author of 
about 5 publications in industry journals and in seminar materials - unrecorded. (Annex 4, 
point II.E.2, item 26-28). The results of the research I participated in were presented 
personally by me at around 20 international conferences and at around 5 conferences, 
congresses and national seminars (Annex 4, II.L.2) 
The above works were created as part of research projects. In 2012-2019, I participated in 
around 10 national and international projects (three of them are still being implemented). I am 
currently the manager of the NCN-Sonata 13 grant and international funded by China and I 
was the main contractor or contractor in several projects funded by the Ministry of Science 
and Higher Education and the EU (Annex 4, item II.J., items 6-9). I was also the manager of 
several research projects targeted at the Ministry of Science and Higher Education and the 
contractor of the project financed by the WFOŚiGW in Gdańsk (Annex 4, point II.J., items 1-
5). 
The cognitive and application values of my scientific and research work have been recognized 
by four individual prizes for young scientists and one award of the Rector of Gdańsk 
University of Technology for a unique contribution to the process of parameterization and 
development of the Faculty of Civil and Environmental Engineering for scientific 
achievements. In addition, I received several prestigious awards at international scientific 
conferences, among others IWA or Baltic Sea Forum "EcoBaltica" including medal No. 402 
and honorable mention for high quality of conducted research and previous contribution to 
activities for promoting pro-ecological attitudes and development of eco-innovative 
technologies (Annex 4, point II.K.2). 
 
6.3. STATISTICS OF SCIENTIFIC WORK 
 
The total impact factor for all published scientific papers (Impact Factor) in accordance with 
the Journal Citation Reports (JCR) list after obtaining the doctoral degree is IF = 20,377, 
including: IF = 10,175 for publications included in the monothematic cycle being a scientific 
achievement. 
The total value of the Ministry of Science and Higher Education (PM) scores, including the 
percentage of co-authors after obtaining the doctoral degree, is PM = 356.5, including: PM = 
103.0 for publications being a scientific achievement. 
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The number of citations of scientific papers according to the Web of Science database (WoS) 
is 91, including without self-citations 79. The h-index of these publications is equal to 6 
(Annex 4, point II.H.and II.I.). 
 
 
 
7. INFORMATION ABOUT THE DIDACTIC ACTIVITY 
 
I have been teaching since 2006. Initially, as a PhD student and assistant since 2009, then 
from 2012 an adjunct at the Faculty of Civil and Environmental Engineering and the Faculty 
of Chemistry, Gdańsk University of Technology I conducted laboratory classes on the basics 
of computer-aided design AutoCAD, Materials Science Instalation, Materials Built and 
Installed, Water and wastewater technologies, Optimization of sanitary systems. During this 
period I was a co-author of several didactic laboratory positions. I also participated in the 
preparation of a new program for these classes. 
Due to the change in the education system of students (transition to a two-stage well), it 
became necessary to develop new curricula. In the field of Environmental Engineering, 
conducted at the Faculty of Civil and Environmental Engineering at Gdańsk University of 
Technology, I have developed new teaching programs for: wastewater treatment plants, water 
and wastewater treatment equipment and wastewater treatment equipment. I was also a co-
author of the program for the subject of Interior installations (WOD-KAN-GAZ) and 
Optimization of sanitary systems. I took part in the development of the study program on 
Environmental Engineering (second degree, in English) at the Faculty of Civil and 
Environmental Engineering at the Gdańsk University of Technology. At the same time, I was 
the author in the development of the program for the subject Wastewater Engineering. 
Currently, I run classes covering lectures, auditorium exercises, design exercises and 
laboratory exercises at the Faculty of Civil and Environmental Engineering at Gdansk 
University of Technology (first and second cycle studies, full-time and part-time) and at the 
Faculty of Chemistry of the Gdańsk University of Technology (first-cycle studies, full-time). I 
presented the detailed scope of the classes in Annex 4, point III.J. 
The first master's degree was made under my direction in 2012, since then I have been the 
guardian of about 160 diploma theses (engineering and master's) of the Faculty of Civil and 
Environmental Engineering at the Gdansk University of Technology, including 63 as a 
supervisor and 98 as a reviewer. Two MA theses, under my supervision, were carried out 
jointly with the Technical University of Valencia (Ms. Carmen Hernández de Vega and Ms. 
Sonia Perez Figueroa) and one engineering diploma thesis of Aleksandra Gawlik: 
"Conceptual design of water supply and sewage system for a residential building Single-
family semi-detached house in Gdansk Orunia ", received the prize in the competition for the 
best engineering work for the promoter and graduate for the use of computer aided design 
using ArCADia software in the 4th edition of the annual INTERSOFT competition - in the 
academic year 2013/2014. (Annex 4, III.J.2, 2A-B). A didactic textbook was created partly on 
the basis of this work (Annex 4, III.I.2, item 5). 
In the years 2006-2007 I participated as a supervisor in industrial practices after the fourth 
year of studies for the Environmental Engineering at the Faculty of Civil and Environmental 
Engineering at the Gdańsk University of Technology. In September 2012, I was appointed as 
an international expert appointed to the examination commission under the doctoral defense 
p. David Infantes Serrano Fri. "Tratamiento anaerobio acidogenico de efluentes de la industria 
vitivinicola", University of Castilla de La Mancha, Ciudad Real, Spain. Since 2018 I have 
also run a course in Environmental Engineering at the Tongji University in Shanghai, China 
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(1st, 2nd and 3rd degree studies). As part of this course, I developed curricula for the 
following subjects: mathematical modeling and computer simulation in wastewater treatment 
systems, and I conduct seminars and invited lectures for PhD students and academic staff 
(Annex 4, item III.J., items 4-5, III.Q .) Currently, I am an auxiliary supervisor in my doctoral 
thesis MSc. Mehdi S. Shourjeh pt. "Factors influencing the competitiveness of functionally 
diverse nitrobic bacteria AOB-NOB in systems with a shortened nitrogen removal path" (as 
part of the SONATA 13 scientific project - Head, Dr. Jakub Drewnowski, Faculty of Civil 
and Environmental Engineering, PG).  
In 2014, at the invitation of the organizers as "Invited Speakers", I took part in the debate as 
an expert in the summer school / workshops entitled "Interfacial phenomena in Theory and 
Practice" IX Scientific Workshop for Postgraduate PhD / Student in Sudom. In turn in 2016 
together with Dr. Loderer C. I conducted a webinar on the distance of the "Webinar" type 
regarding the possibility of obtaining grants, research projects and funding for scientific 
development for young scientists - made in cooperation with IWA for the International Water 
Association Grants, Fundraising and more ... Webinar for the IWA 9th East European Water 
Professionals Conference 24 -27 May, 2017, Budapest, Hungary. I was a member of BEST 
competition boards in 2017 and one of the series of workshops on corrosion in installation 
systems called Expert in Scientific Course "In Rust We Trust" organized by the "BEST" 
students' association in the field of Environmental Protection and Engineering at the Faculty 
of Chemistry and Civil Engineering and Environment of the Gdańsk University of 
Technology. In 2018, I participated at the invitation of the organizers as "KeyNote Speaker" 
in the international conference on "Technoscape 2018 - An international conference on 
sustainable water resources" Vellore, Tamil nadu, India - participation in the debate as an 
expert (Annex 4, point III.N.2, items 1-5). 
As part of the National Scientific and Technical Conference "Investment project management 
in the water and sewage industry - from the concept to the settlement of the project" Gdańsk, 
13-14 October 2011 financed from the European Union program, I prepared and conducted a 
lecture entitled "Directions of development of wastewater treatment technologies in terms of 
meeting the stricter requirements for nitrogen removal". What's more, in the years 2015-16 I 
conducted several trainings in the field of writing project applications as part of the project 
seminar entitled "Center for Advanced Studies - development of interdisciplinary doctoral 
studies at the Gdańsk University of Technology in key areas in the context of the objectives of 
the Europe 2020 Strategy" / "Advanced PhD"; (POKL 04.03.00-00-238 / 12) co-financed by 
the EU within the European Social Fund - Human Capital Operational Program Priority IV, 
Measure 4.3., Gdańsk University of Technology. In 2007, I received the distinction of Dean 
WILiŚ and the head of doctoral studies in recognition of preparing a professional website for 
doctoral studies. In addition, in 2016, I prepared online laboratories at a distance on the e-
learning platform Fri. "Virtual Laboratory of Materialistic Installations" implemented as part 
of the European Union project and co-financed by the Rector of the University of Gdańsk, for 
which I received an individual prize of the Rector of the PG degree for special didactic 
achievements. In addition, I have twice received team II prizes for organizational 
achievements of the Rector of the Gdańsk University of Technology (in 2017 and 2018). 
(Annex 4, point I.K.2, Items 7-8). 
In the years 2014-2016 I participated in the works related to the planned construction of the 
"Eco-Innovation" Center of the Gdańsk University of Technology together with the concept 
of equipment for the Laboratory of Installation Materials Science and partly for the analytical, 
apparatus, microbiological and technological laboratory of the Environmental Laboratory of 
Biotechnology of Water and Sewage (WILiŚ PG). In the years 2015,2016,2017 I participated 
in three didactic conferences in turn, II, III, IV titled "ETEE conference; e-Technologie w 
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Kształceniu Inżynierów, which took place at the Gdańsk University of Technology and the 
AGH University of Science and Technology in Kraków (Annex 4, point III.I.2, items 1-3). 
In 2016-2017, for the needs of the 9th IWA YWP Conference in Budapest (Hungary), 1. IWA 
YWP in Krakow and 8 IWA YWP Cape Town (RSA), I jointly developed training materials 
and presented together with an international team during specialized workshop sessions, 
including I was a co-creator of online distance training, a webinar about the possibility of 
obtaining grants, research projects and funding for scientific development for young scientists 
"carried out in cooperation with IWA - International Water Association or in EU projects 
(Annex 4, III.A.2. , item 1-5). 
In 2018, having building qualifications in sanitary engineering, I was invited to the team 
between the faculty of Gdansk University of Technology in the composition of Życzkowska 
K., Konarzewska B., Krajewski M., Drewnowski J., Gołębiewski M., Miszewska E. to 
perform the installation part in a multi-branch conceptual design single-family house in 4 
variants: 1. detached house, 2. detached house for rural communes, 3. semi-detached house, 4. 
terraced house. It was an architectural competition for a Model One-family House as part of 
the Plus Plus program sponsored by the PR government and Prime Minister Mateusz 
Morawiecki. (Annex 4, point III.I.2, item 4). 
 
 
8. IFORMATION ON ORGANIZATION ACTIVITIES, SCIENTIFIC 
COOPERATION AND SCIENTIFIC POPULARIZATION 
 
In the years 2008-2019, I was a co-organizer of the next 5 scientific and technical seminars 
related to the research projects carried out at that time and I was the vice-chairman of the 
organizing committee of two conferences under the patronage of IWA: one of the 8th Eastern 
European Young Water Professionals Conference "Leaving the Ivory Tower - Bridging the 
Gap between Academia, Industry, Services and Public Sector ", which took place in 2016 in 
Gdańsk and one national" The 1st IWA Polish Young Water Professionals Conference "in 
2017 in Krakow. I was a member of the organizing committee of the 2nd International 
Scientific and Technical Conference "Water Supply and Wastewater Disposal", (16-
18.10.2017, Lviv, Ukraian), and many times I was and am a member of the orgaznizacyjnego 
/ scientific committee of the conference cycle "IWA East European Young Water 
Professionals Conference "(including Serbia, Hungary, Croatia, the Czech Republic in 2015-
2019). In addition, I was invited to organize a scientific and technical seminar entitled 
"Pomeranian Perspectives of Gas Production from Łupków" devoted to technological aspects 
related to environmental protection, including water and waste management in the Słupsk 
region (2014). vice-chairman of the organizing committee of the international conference 
under the patronage of IWA "Nutrient Removal and Recovery 2015 - Moving Innovation Into 
Practice", which took place in 2015 in Gdańsk. I also participate in the scientific committee of 
the 3rd IWA Resource Recovery Conference "IWARR2019" planned for September 8-12, 
2019, in Venice, Italy and I am the vice-chairman of the organizing committee of the planned 
2nd IWA Polish Young Water Professionals Conference in Warsaw in 2020 (est. 4, point 
III.C.1-2). In an international project carried out in cooperation with China, I have been and / 
or continue to be the coordinator. In the international CARBALA project, on the other hand, I 
was the supervisor of foreign researchers (Annex 4, item II.J.2., Item 7). From resources that I 
gained from other around 15 research projects, I purchased a lot of measurement equipment 
for laboratories and licenses of specialized software for mathematical modeling and computer 
simulation, eg GPS-x, computers and / or laptops, etc. 
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I am active in the development of the laboratory base. In the years 2010-2012 I participated in 
the preparation of documentation, and then supervised, on behalf of the Department of 
Sanitary Engineering, the modernization of the "Forge" Building, including the Laboratory of 
Materials Science at the Faculty of Civil and Environmental Engineering, Gdansk University 
of Technology, which I was the manager (Annex 4, point III. O.1, item 1) I also organized 
from the basics materials, tools and exhibits to the Laboratory of Installation Materials 
Materials and I wrote a program and prepared on the moodle platform Virtual Laboratory of 
Materials Science Installation and distance course for which I received the Rector's Award for 
special didactic achievements in 2017 
Throughout the entire period of my professional work, I tried to transfer scientific knowledge 
related to waste water treatment technology to the practice of operation of water and sewage 
management facilities in industrial plants and in local administration units. In the period 
before obtaining the doctoral degree I was the author and co-author of many construction and 
modernization projects, opinions, research reports and expert opinions (Annex 4, point 
II.F.1.). 
I continued this activity after obtaining a doctoral degree. In 2012-2019, I was the author and 
co-author of 30 opinions and expert opinions, 24 design and conceptual works as well as 
numerous reports / research papers which I carried out in cooperation with the industry and / 
or implementation of projects (Annex 4, point II.B, II. F.2.). I paid a lot of attention to 
promoting the recovery of technological water and energy. In addition to performing 
mathematical modeling and computer simulation, I took an active part in research works at 
many sites in Poland, including Browary Książęce in Tychy, where in cooperation with CBW 
Unitex Sp. z o.o. and Zenon (GE), I developed ultrafiltration / reverse osmosis (UF/RO) 
technology for the recovery of process water. I managed projects in cooperation with 
entrepreneurs and other institutions, companies (Annex 4, point III.F.1-2.) I presented the 
results of these works in industry journals and seminars addressed to exploiters and managers 
of water and sewage management in industrial plants ( Annex 4, point II.F.1-2). 
I have broadened my professional competences (scientific, organizational and didactic) thanks 
to international cooperation. Co-operation with the University of Washington and the Illinois 
Institute of Technology (Chicago, USA) was of particular importance for me as part of the 
"Water Environment Research Foundation Nutrient Challenge Program" and with the 
Polytechnic University of Valencia (Spain). During it I took personal participation in 
meetings in Gdańsk (2008-2012) with prof. Stencel and prof. Pagilla and research teams of 
prof. Ferrer and prof. Seco in Valencia (2014). I also work as part of my research at the 
University of Castilla La Mancha (Spain), University of Manitoba (Canada), University of 
Durban (South Africa), University of Tongji (China), Leibniz University of Hannover 
(Germany) and with the Aquateam COWI research institute AS (Norway) and DOT-EKO 
(Poland). 
In the years 2012-2018 I have completed six internships and trainings, including five at 
foreign institutes, including in Germany, Austria, Italy, Spain, Norway and China (Annex 4, 
point III.L.2.). In addition, I was a co-organizer of the exhibition and show entitled "Pipe and 
fittings, or the world of installations without secrets" during the Baltic Science Festival, 
Program of Design Aiding Days and organizing various events and meetings with companies 
from the industry, among others for students and employees of the Gdańsk University of 
Technology as part of the implementation of European programs and other international and 
national programs (Annex 4, point III.A.1-2). 
At the request of the editorial office of international journals, I made articles reviews, 
including to Water Science and Technology, Chemosphere and Archives of Environmental 
Protection, International Journal of Environmental Science and Technology (Annex 4, point 
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III.P.2). I have also prepared reviews of applications for international conferences: The 5th 
IWA / WEF pt. "Wastewater Treatment Modeling Seminar", Annecy France, 2-6 April 2016 
and the "IWA East European Young Water Professionals Conference" (among others Serbia, 
Hungary, Croatia, Czech Republic in 2015-2019), where I reviewed in total over 100 papers 
and currently on the 3rd IWA Resource Recovery Conference "IWARR2019" scheduled for 
8-12 September 2019, in Venice, Italy (Annex 4, point III.C.1-2). In addition, under the 
auspices of IWA, I was a co-organizer of three workshops and one webinarum as part of a 
conference of young scientists from YWP organized in Serbia, Hungary, Poland and South 
Africa (Annex 4, item III.A.2, item 2,4,5). 
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9. LIST OF ACHIEVEMENTS 

No Type of achievements 
Number 

After receiving 
the PhD degree 

Before receiving 
the PhD degree 

1 Science publications, including: 56 100 
- journals with Impact Factor 3 12 
-monographs in the language of the international 
reach 1 1 

-monographs in the language of the national reach - 1 
- chapters in monographs in the language of the 
international reach 1 12 

- chapters in monographs in the language of the 
national reach 1 1 

- peer-reviewed journals and other periodicals 9(+1)* 9 
- electronic publications (1)* 1 
- conference materials – reviewed 13 21 
- professional magazines and conference materials – 
not reviewed 27 42 

2 Research projects, including: 6 9 
- international 3 4 
- national 2 5 
- WFOŚiGW in Gdansk 1 - 

3 Author and co-author presentations and posters at 
conferences and seminars, including: 23 38 

- international 18 33 
- national 5 5 

4 The creative professional work, including: 19 24 
- patent applications - 1 
- implementation - 1 
- new technologies, equipment and research stations 3 6 
- opinions and expertises 1 5 
- conceptual and design works 9 5 
- reports for scientific project 4 5 
- EU program as international and national 2 1 

7 Auxiliary promoter in the Ph.D. - 1 
8 Scientific supervisor of thesis - 161 

Supervisor of theses, including: 
- engineering and master's theses - 63 

9 Reviewer of theses, including: 
- engineering and master's theses - 98 

10 Citations (without self-citations) - 91 (79) 
11 h-index - 6 

 
* electronic publications (peer-reviewed) 
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