	FACULTY OF MECHANICAL AND POWER ENGINEERING

	SUBJECT CARD

	Name in Polish 
	Technologie i systemy energetycznego wykorzystania biomasy 

	Name in English 
	POWER PRODUCTION SYSTEM AND TECHNOLOGY FROM BIOMASS

	Main field of study
	Power Engineering

	Specialization 
	Renewable Sources of Energy 

	Level and form of studies 
	2nd level, full-time

	Kind of subject 
	optional-specialization

	Subject code 
	ESN 1124

	Group of courses
	No


	
	Lecture
	Classes
	Laboratory
	Project
	Seminar

	Number of hours of organized classes in university (ZZU)
	30
	15
	
	
	15

	Number of hours of total student workload (CNPS)
	90
	30
	
	
	30

	Form of crediting
	crediting with grade
	crediting with grade
	
	
	crediting with grade

	For group of courses mark (X) final course
	
	
	
	
	

	Number of ECTS points
	2
	1
	
	
	1

	including number of ECTS points for practical (P) classes 
	0
	1
	
	
	1

	including number of ECTS points for direct teacher-student contact (BK) classes
	1
	0,75
	
	
	0,75


	PREREQUISITES RELATING TO KNOWLEDGE, SKILLS AND OTHER COMPETENCES

Thermodynamics, combustion and boilers, heat transfer


	SUBJECT OBJECTIVES
C1 - Introduction to classification and general characteristics of biomass as fuel
C2-acquainted with the processes of preparation of biomass for energy production
C3 - familiarization with the technologies of energy production from biomass.
C4 - the acquisition of skills for calculating biomass furnaces
C5-acquisition of skills development and demonstration in the use of biomass for energy
 


	SUBJECT EDUCATIONAL EFFECTS 
relating to knowledge:

PEK_W01 - describe the general classification of biomass and characterize their fundamental properties and analytical methods for their determination
PEK_W02 - description of the mechanisms of combustion of biomass and list the main systems of combustion and gasification of biomass
PEK_W03 - explain the operation of pretreatment of biomass technology to gas, liquid and solid fuels 

PEK_W04 - describe the main problems encountered in the process of combustion in power boilers, 
PEK_W05 - list the basic elements of cogeneration systems using biomass for energy production, 
PEK_W06 - identify and characterize the main technologies of biomass co-firing with conventional solid fuels. 

relating to skills:

PEK_U01 - perform basic calculations of combustion chamber fired with biomass – depends on type of biomass for selected furnace type.
EK_U02 – selection of initial assumptions to design a biomass-fired boiler
PEK_U03 -. Perform calculations furnaces for combustion and co-combustion of biomass and prepare and deliver a presentation in biomass 


	PROGRAMME CONTENT 

	Form of classes - lecture 
	Number

 of hours


	Lec1
	State of art of energy production from biomass. The potential of biomass, biomass types, definition of basic physical-chemical properties of biomass; power plant technical limitations resulting from biomass properties.
	2

	Lec2
	Analytical methods of biomass  characterization as a fuel
	2

	Lec3
	Energy fuel production from biomass formed by the mechanical and thermal pretreatment: drying, pelletizing, grinding biomass and torrefaction and pyrolysis. 
	2

	Lec4
	High rank Fuel production from biomass by thermo- chemical processing - fermentation, torrefaction process.
	2

	Lec5
	 Combustion of biomass, basic calculations 
	2

	Lec6
	Small, medium and large capacity power unit using biomass. Types of furnaces, depending on the boiler capacity. 
	2

	Lec7
	Direct co-firing technique. Advantages and disadvantages of biomass combustion in power boilers
	2

	Lec8
	Impact of biomass boiler performance, risk of corrosion and deposits on the heating surfaces, the impact on emissions
	2

	Lec9
	Cogeneration energy systems fired with biomass based on  KALINA cycle - ORC
	2

	Lec10
	Indirect co-firing technique for power production.
	2

	Lec11
	Integrated system of power production with gasification of biomass , Foster Wheeler plant in Lahti and Lurgi Varnamo 
	2

	Lec12
	Selective biomass gasification systems (production of hydrogen) gas purification system and separation of CO2 for use with fuel cells
	2

	Lec13
	Types of gasifiers and gas purification systems for biomass apply
	2

	Lec14
	Transport system of biomass and its storage
	2

	Lec15
	Technologies using sewage sludge for energy production, biogas production.
	2

	
	Total hours
	30

	Form of classes - class 
	Number

 of hours



	Cl-1
	Calculation of composition of different type  biomass  and LHV biomass at different  moisture content 
	2

	Cl-2
	Balance calculation of biomass combustion  in stoichiometric condition
	2

	Cl-3
	Calculation of combustion temperature 
	2

	Cl-4
	Thermal balance calculation of  stoker furnace , calculation of combustion efficiency
	2

	Cl-5
	Thermal balance calculation of  pulverized  furnace , calculation of combustion efficiency 
	2

	Cl-6
	Thermal balance calculation of furnace fired with blends of biomass and coal.
	2

	Cl-7
	Calculation of size combustion chamber fired with biomass
	2

	Cl-8
	Test 
	1

	
	Total hours
	15

	Form of classes - seminar 
	Number

 of hours



	Sem 1
	Drying technology of biomass on base case study
	2

	Sem 2
	Grinding technology of different types of biomass
	2

	Sem 3
	Mechanical valorization of biomass
	2

	Sem 4
	Thermal and chemical processes of  biomass valorization 
	2

	Sem 5
	Technology of liquid and gas fuel production from biomass 
	2

	Sem 6
	Combustion technology of biomass – review of boiler types
	2

	Sem 7
	Co-firing technology-advantages and disadvantages 
	2

	Sem 8
	Assessment seminar and overview of all topics
	1

	
	Total hours
	15


	TEACHING TOOLS USED 

	N1. Lecture: 
- Traditional lecture using multimedia presentation.
- Individual work - self-study and exam preparation
N2. Exercises: 
- Accounting exercise; 
- Discussion of solutions of tasks; 
- Short written tests; 
- Individual work - preparation for exercise.
N3. seminar
- Discussion of the major problems associated with the utilization of biomass based on problems presented by students
- Students own work-preparation and presentation of its performance in the classes
- Discussion of issues presented
N4. Consultation…


EVALUATION OF SUBJECT EDUCATIONAL EFFECTS ACHIEVEMENT- lecture
	Evaluation 

(F– forming (during semester), 

C– concluding (at semester end)
	Educational effect number
	Way of evaluating educational effect achievement

	P
	PEK_W01÷PEK_W06
	colloquim


EVALUATION OF SUBJECT EDUCATIONAL EFFECTS ACHIEVEMENT- class
	Evaluation 

(F– forming (during semester), 

C– concluding (at semester end)
	Educational effect number
	Way of evaluating educational effect achievement

	F1
	PEK_U01, PEK_U02
	Written tests  

	F2
	PEK_U01÷PEK_U03
	colloquium

	P=0.5((F2+F1)/2


EVALUATION OF SUBJECT EDUCATIONAL EFFECTS ACHIEVEMENT- seminar
	 Evaluation 

(F– forming (during semester), 

C– concluding (at semester end)
	Educational effect number
	Way of evaluating educational effect achievement

	p
	PEK_U02
	Evaluation of presentation and discussion in the field of biomass technology


	PRIMARY AND SECONDARY LITERATURE 

	PRIMARY LITERATURE :

[1]  The handbook of Biomass Combustion and Co-firing; Koppejan  Jaap, earthscan Publications, earth Scan, Taylor a&Francis Ltd. 2008

[2] Tillmann Wood Combustion, 2002, 
[3] Kruczek S. Urządzenia Kotłowe, 2005 WPwr, 

[4] Kozaczka J. Procesy zgazowania, Inżynierskie metody obliczeń WAGH, 1994, Kraków 

[5] Steam Generation, Babcoc Wilcox, 2003

SECONDARY LITERATURE:

[1]  Biomass and Bioenergy Journal 



	SUBJECT SUPERVISOR (NAME AND SURNAME, E-MAIL ADDRESS) 

	Halina Pawlak-Kruczek, halina.kruczek@pwr.wroc.pl



MATRIX OF CORRELATION BETWEEN EDUCATIONAL EFFECTS FOR SUBJECT
POWER PRODUCTION SYSTEM AND TECHNOLOGY FROM BIOMASS
AND EDUCATIONAL EFFECTS FOR MAIN FIELD OF STUDY  Power Engineering 
AND SPECIALIZATION Renewable Sources of Energy
	Subject educational effect
	Correlation between subject educational effect and educational effects defined for 

main field of study/ specialization 
	Subject objectives
	Programme content
	Teaching tool number

	PEK_W01

PEK_W02
	S2RSE_W08
	C1
	Lec1-Lec2
	N1, N4

	PEK_W03
	
	C2
	Lec3÷Lec5
	N1, N4

	PEK_W04
	
	C3
	Lec6÷Lec13
	N1, N4

	PEK_W05
	
	C4
	Lec5
	N1, N4

	PEK_W06
	
	C3
	Lec14-Lec15
	N1, N4

	PEK_U01
	S2RSE_U10
	C4
	Cl 1-8
	N2, N4

	PEK_U02

PEK_U03
	S2RSE_U11
	C5
	Sem1-8
	N3, N4
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