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530603-TEMPUS-1-2012-1-LT-TEMPUS-JPCR (CENEAST)

«PedopmupoBanre 00pa3zoBaTeNIbHBIX MPOTrPpaMM Ha OCHOBE MOCTPOCHUS CPEIbl B3aUMOACHCTBUSA

B BOCTOYHOM PCTHUOHC COTPYAHHUYICCTBA»
Hauano npoekra: 15.10.2012 r. Oxonuanue — 14.10.2015 r.

Hucno yyacTHUKOB mpoekTa 14: yHusepcutetsl PO, Benopyccuu, Ykpauubl, AHrauu (University of Solford), Utanuu
(Universita di Bologna), /intsebl (Vilnius Gediminas Technikal University - koopanHaTop npoeKkta) U ICTOHUM.

OcCHOBHbBIE LEJU MPOEKTA
1. CoBepiieHcTBOBaHHE 0Opa3oBaTEIbHBIX IPOTrpaMM OakajlaBpuaTa, MaruCTpaTyphbl, aCUPaHTYpPhl C
WCIIOJIb30BAHMEM HOBBIX 00pa30BaTEIbHBIX MOJYJICH B 00JACTH DHEPIETUKU M DKOJOTHHU, MOCTPOCHHUE
JIOCTYITHOW W 3JI0POBOK Cpebl B3aMMOJECUCTBUA B YHUBEpcUTETaX benopyccuun, Poccun n YKpauHsl 1iis
YAY4YIICHUS KayeCcTBa M IOBBIIICHUS aKTyaJbHOCTH OO0pa30BaHUS B MapTHEPCKUX YHUBEPCUTETaX B
COOTBETCTBHUU C TPEOOBAHUSIMH PhIHKA TPYA.

2. Ilepenaua HopMm bBoisioHCKOro mporecca B o0jacTu oOpa3oBaHus (pa3paboTka oOpa3zoBaTebHBIX
IporpaMM, BHEJPEHUE CUCTEMBI 3a4€THBIX 0aJIJIOB, MHHOBAITMOHHOE 00yUYeHHE M J1ajiee) OT €BPOMEHCKUX
YHUBEPCUTETOB MAPTHEPCKUM YHUBEPCUTETAM.

3. Pa3paboTka BUpPTyaJbHOM MEKYHHUBEPCUTETCKOH  00pa30BaTeIbHON  CETEBOM  CHUCTEMBI
(MHTEJUIeKTyalIbHast OMOIMOTEKa, MHTEIUIEKTyalbHas 00pa3oBaTeiibHasl CUCTEMA, CUCTEMa OLICHKU 3HAHUH,
JOCTYIl K DJIGKTPOHHBIM pecypcaM, Hay4dHOW M 0Opa3oBaTeabHOM HH(OpMaIu) sl oOecredeHus
B3aMMOJICMCTBHS MeX1y EBpoCOr030M M mMapTHEPCKUMHU YHUBEPCUTETAMU B 00pa30BaHUM U HAyKe.



NOAroTOBKA MOAY/EU

Pabounit naketr 2 — MopgepHusauua nporpamm 6akanaBpuarta, MaArucTpaTypbl, aCNUPAHTYPbI
(Mpod. Dilanthi Amaratunga wum Richard Haigh - University of Solford)

CTpyKTypa npeseHTauuu
 BBepgeHue

e CnpaBo4YHWK MoAynen: BBeAEHWE B CNPAaBOYHUK MoAynei;  obpaseuy MoAynsa; KOMMEHTapUM.
* Moaynb no ynpaB/ieHUI0 CTUXUNHBIMK BeacTBUAMK (Npumep).

BeepeHue

* OcHoBHOM Uenblo npoekTa CENEAST asnaetca moaepHusauma nporpamm bakanaspuaTa / cneunanntera,
MarmcTpaTypbl, aCNMPAHTYPbl C NOMOLLbI BHEAPEHUA HOBbIX MOAY/IEN NO SHEPreTUYECKN U SKONOTNYECKHU
YCTOMYNBOM, AOCTYMNHOM M XKMN3HECNOCOOHOM 3aCTPOEHHOM cpeae B yHUBepcuTeTax benapycu, YKpauHbi n
Poccuu.

* Mopaynu pa3pabaTbiBalOTCA COBMECTHO W KaXKAblW NApPTHEP BHOCUT CBOM BKAAA, B Npeaenax cBoeun
npo¢eccMoOHaNbHOM KOMNETEHLUUN U IKCNEPTU3DI.

Hoeble mogynu 6yayT BHegpeHbl B CylecTBylouWmMe y4ebHble niaHbl cneumuasbHOCTeN

* YHuBepcuTeTbl-napTHepbl benapycu, Poccnm n YkpanHbl 06meHnBatOTCA pa3paboTaHHbIMM MOAYNAMMU U
y4ebHbIMM MaTepuranamu.

e Cuenbto cogencTsmna nepegade MHGopmaunmM co3gaH MHHOBALMOHHDLIN BUPTYa/ibHbIN

MEKYHUBEPCUTETCKUI ceTeBOl 0bpa3oBaTesibHbIN LEHTP A1a obMeHa MoaynAaMK, pa3pabaTbiBaeMbimm
MO NPOEKTY.



CnpaBoOYHUK moAaynen:

1 BBeaeHue B cCNPaBOYHUK moaynen. [na Kaxkgoro moayna CENEAST paspabatbiBaeTtcs

CNPaBOYHUK
e [aHHbIN CNpPaBOYHUK OyaeT BKAOYATb MNOAPOOHOE onucaHue moaynaa U yd4ebHble
maTtepuanbl

* [1na cnpaBo4yHuKa moaynen CENEAST 6bin pa3paboTaH obpa3sed.

2 — O6pasey mopyns
BeeaeHue
* OnucaHune moayna
* Llenn n npegnonaraembie pe3ybTaTbl 06y4YeHMUS
* KaneHpapHbIi NnaH cemecTpa U CTPYKTypa Mmoayns
o dopmbl 0b6y4eHuUs
* lNopsapok npoBeaeHUA aTTecTaLnm
* ObpaTHasa cBA3b
* lNpenoaaBaTenbCKMN COCTAB M BCMOMOraTeIbHble UCTOYHUKM
* YyebHaAa nporpamma n matepuanol



CIHHPABOYHUK 11O OBPA3OBATEJBHOMY MOAYJIIO
«BO3OBHOBJIAEMBIE UCTOYHUKHU DHEPI'MN»

CTpyKTypa cCipaBOYHUKA
BBeaenue.
1. Onucanue moayJis

Has3panue HampaBieHuss NOATOTOBKU: TEIUIODHEPreTHKAa M TEIUIOTEXHUKA» U «OIJEKTPOIHEPreTUKA U
ANEKTPOTEXHUKA». YpoBeHb: bakamaBpuar. Hazpanue monyns: Bo3oOHOBIsieMble VMCTOYHUKHU DHEPruu
(BUD). KonmuuectBo kpenutHbix enqunuil: 4. Cemectp: 5. [IpuMepHoe konudyecTBO 4yacoB: 144. 6. JIekTopsl.
2. lleqrn 1 mpeamoJiaraemMslie pe3yJbTaTbl 00y4eHUA
2.1 eau moxy.s
[lenu Momymnsi COCTOSIT B O3HaKOMJIEHMH OyAymux OakanaBpoB ¢ BUD u cTuMmynupoBaHuU MX AESTEIBHOCTH
JUISl pa3BUTHUS 3TOT'O HAIIPABJICHUS TEXHUKH U TEXHOJIOTUHU.
2.2 Pe3yabTarbl 00y4YeHHs: 3HAHUS U WX IPUMEHEHHE;, WCCIEIOBATEIbCKUE HABBIKM;  CIELUAJIbHbIE

YMCHHU:A, COUUAJIBHBIC YMCHUA; JIMYHBIC Ka4CCTBA.

3 KajieHAapHbId IJIAH CeMeCTPa M CTPYKTYPa MOIYJIS

Henemm Tema nexuun

1 Brenenue B MOyJib

2 BUD — sHeprus Oyayiiero

3-6 TexXHOJIOTHM HCHOJIb30BAHUS COJIHEYHOU OHCPIun

7-8 | TexHOJIOTMM WCMOJB30BAHUS BETPOBOW DHEPTHH.

9-11 | TexHOJNIOTHH WCIIOJB30BaHUS BOJHOW JHEPTUU

11-13 | TexHONOTHH UCIIOIB30BAHUS DHEPTUU OMOMACCHI

14 | TexHOJIOTMM HCHOJb30BAHUA T'€OTEPMAIbHON SHEPTETUKH

15 | [lonuTtuyeckue YCIOBHS 3aKOHOAATENbHBIX 0a3, OpUEHTUPOBAHHbICE Ha mpoABWxkeHue BUD




3. ®opmbl 00y4YeHHUst . OCHOBHOM MaTeprall MOJYJIS MPEACTABISIOT COOOM KOHCIEKThI JICKIIMM U 3a1aHUs
nperoaBareiicl, pacnojiokeHHbIXx Ha I1uiatdgopme Moodle. Onu BKiIrO4arOT B ce0si MHTEPAKTHBHBIC 3aaHMS
JUISL TIPOMEXKYTOUYHOW OIEHKH 3HAHMM Kak MperojaBareyieM, TaKk U CaMUM CTyACHTOM (camoolieHka). CTyieHTam
MpeUIaratoTcs CChbUIKU Ha JIOMIOTHUTEIbHBIE MaTepuaisl B ceTu MHTepHeT, HanpuMep 0a3bl JaHHBIX, BKIIFOYAst
Science Direct, Scopus, 3/ieKTpOHHble 6UOJMOTEKH U TaK Aajiee . [IpernogaBaHue MPOUCXOIUT MOCPEIACTBOM
MoJiepaliii 00CYyXIeHUH Ha hopyMe.

4. lMopsigok arrecTanmum: pedepar U SK3aMEH.

Meron pacuera aTTeCTallUU 110 MOJYJIIO.

M=0.7C + 0.3 (yl+y2+...+y20), rne C — onenka pe-depara, yl, y2,....,y20 — orieHka 3a rect u3 20 BoOIpo-
COB, 32 KaX bl NpaBUJIbHBINA OTBET Hauucisierca 0,5 Gamna.

5. Utoru atrectanmu. [Ipouenypa npeaocraBieHus UTOTOB OLEHKHU pedepaToB U SKk3aMeHOB. KOHTaKTHbIE
nannbie [ITIC (TmoMoIs U KOHCYJIbTAIUN).

6. IlpenogaBaTeabCKuil COCTaB M BCIIOMOTaTeIbHble  HMCTOYHMKHM. OOS3aHHOCTH NpenojaaBaTeleH,
PYKOBOJUTENEH MpPOrpaMMbl W BCIOMOTaTelbHOrO (KOOPJIWHAIIMOHHOIO) IEPCOHANIA.

7. YueOHasi nporpaMMa U MaTepHaJibl.

CrpykTypa 1o Kaxxaou TeMe.

7.1. Bpenmenue B nekuuto. 7.2.1lenb M OCHOBHBIE pe3ynbTaThl 00ydeHHs. 7.3. KOHCHEKT JEeKUUH U
paznatouHble Matepuanbl. Bce marepuansl, BUIEO, U IPOTPAMMHOE OOECIIEUEHHUE Jy4IlIUX YHUBEPCUTETOB
MHpa C OTKPBITHIM KOJOM MOXHO HAWTH MO CCHUIKE:

(http://www.klgtu.ru/CENEAST/Template_ 4 Module_Handbook Renewable_energy KSTU).

7.4. IIpakTruecKue BOMPOCHI U PEIICHUS.

7.5. PexoMennyemas nuteparypa (MHTEJJIEKTYallbHas OMOJIMOTEKA)




OBOCHOBAHUE MNOAIrOTOBKU U OLEHKA MOAYANA

1. OcHoBaHMEeM A/1Aa NOArOTOBKM AAaHHOrO CNpaBOYHMKA, KPOME HECOMHEHHOW aKTya/lbHOCTU Kypca
AnA 0bpa3oBaHUA CTYAEHTOB 3HEPreTUYecKoro Npoduas, MOCAYKUAO TO, YTO AAHHbIA Kypc YMTAeTCA B
KITY Ha npoTaxkeHuu paga net, 1 B By3e CHOPMUPOBANOCL PAA HAYYHbIX LWKOA, MO Pa3/INYHbIM
pasgenam paHHoro Kypca.npod. beneit B.®., Ceaun B.B., Conoseit A.M. (HTY XIIN), noueHTHI
Enarun H.H., Hukumus.

2. Beley V. Scientific and methodological aspects of the training module "Renewable Energy Sources"/
Beley V., Nikishin A., Selin V., Solovey A., Elagin N./Symposium on Disaster Resilience and Built
Environment Education Gelebrating Proeject Successes. BOOK OF ABSTRACTS. - Global
Disaster Resilience Cente, University of Huddersfield, UK. 15-17 September 2015- P.5.

3. PelleH3€eHTHI:

dunoHoB Anekcanap I'eoprueBudy, 3aBeAyomumn Kadpepor CyJOBbIX JHEPTETUYECKHUX YCTAHOBOK
v TerioaHepreTuku ®I'BOY BIIO "KI'TY", K.T.H., AOLIEHT;

[lycbko Buaaumup [AMutpueBudy, supektop 000 «KaiuHUHIpaATeN/10ra3npoeKT»



JARVIIOYEHUE

Ananmu3z  HoOpM bosioHCKOTO mpolecca B 00JacTH  COBEPIIEHCTBOBAHUS 00pa30BaTEIbCKUX
MIPOTpaMM IOKa3aJl PsiJl TOCTOMHCTB U BBIABUJ Psil HEJOCTATKOB.

[IpencrapnsieTcsi BAXXKHBIM CTPYKTypa CIPaBOYHMKA 00pa30BaTEIbHOTO MOJYJSA - KakK €IUHOIO
IEJIOro  JIOKYMEHTa JJisi  JAUCHUIUIMHBI (B YaCTHOCTHU, MOATOTOBIIEHHas 1o kypcy BUD nnsa
OakaBpuaTa);  OYE€Hb BaXXHO, YTO B IIpollecce OOydYeHHUs IMpeJrosaraeTcss MNpuoOpeTeHue
COITMAJIbHBIX YMEHHMI M JMYHOCTHBIX KaueCTB.

B kadecTBe HEIOCTATKOB CJICAYET OTMETUTh OOJIBIIION YKJIOH Ha OOIIEHHUE C MpernojaBaTeaeM
1 TECTHPOBAHHE CTYJICHTA Yepe3 HWHTEPHET.

CIIMCOK JIMTEPATYPbI

beneit B.®. CipaBoyHUK MOAYJIA: BO30OHOBJISIEMbIE UICTOYHUKHU DHEPIUU: ClipaBouyHOE u3janue / B.D.
beneit, B.B. Cemun, A.O. 3anopoxnsii, A.JO. Hukumun, H.H. Enarun, A.M. Conoseli — Kanuaunrpan.:
NzparensctBo OO0 «TOCKy. - 2015. — 259 c.
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Non-renewable energy sources

Fossil fuel
Coal, bIn. tones.
Oil, bin. tones.

Oil shale hymen, bin. tones.
Natural gas, trillion m3
Unconventional gas, including
shale (200), trillion m3
normal uranium, thousand tones

Life-cycle emissions (g / kWh) of
traditional energy sources systems

Tun Yronb Hedtb Ta3 ATOMHaA
TON/MBA aHeprua
co, 995 818 430 63
SO, 12 14 - 0,04
NO, 4,3 4,0 0,5 0,32

Proved reserves

Stock runout, years

847,5 133

168,6 41,6

157,2 -

177,4 60,3

328,0 -

2000 36/1000 fast fission reactor
Liena ana norpeburens

- O6ujecTBeHHbIe 3aTpaThl

-
.,‘

3arpAasHeHue Bo3fyxa
J  DKonornyeckun ywepb
Pacxoppbl Ha nonuTMYeckne KOHPANKTbI
_ Pacxopt Ha 3awuty u 6esonacHocTs



The main objectives that were set during
development of the study module:

e students getting the knowledge and
understanding of the ecological and energy
problems of the world economy;

» getting research skills to prepare and
conduct experiments on a given
methodology, analysis and evaluation of the
results of research involving the appropriate
mathematical apparatus;

» mastering of specific social skills on RES;
 the development of personal qualities such
as: development of module self-study
approach, participation in group discussions
and preparation and presentation of the
abstract presentation on a given topic;

* understanding of the political framework
conditions aimed at promoting of renewable
energy and the application of knowledge in
the calculation of economic efficiency of the
use of renewable energy.
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Lecture 1. Renewable energy - energy of the future for
the life cycle of the built environment.

Author - Beley Valeriy, prof., Dr.Sc., KSTU.

The purpose of training on this subject is to develop the
students' evaluation of the effectiveness of the global
economy and the life cycle of the built environment by
using the technologies based on RES. Learning outcomes
are acquired knowledge on: the potential of non-
renewable energy sources and the environmental
consequences of its use; the main problems of the world
economy and the life cycle of the built environment with
the use of technologies based on RES, the formation of
ideas about the theoretical, technical and economic
potentials of RES.

IKIALMOYIN NOKA HEHSEECTHD

1500 4

reofoKEaHHYECKAA

BozobHorisiemast 3Hepraa (B2) SHEPTHA

)

COMHETHAA
SHepTHA

1000 B3

HoBad bHo Macca

EETpOSHEPTHA

-
-

Hep oz 00H0BTIeMAA
sHeprua (HB3)

THOG O SHEDT HA
Tpagul bHoMacca

500 A

AREPHAA SHERTHA

OpHpeIHHE ras

HEB3
0

HEDTH
YTONE l
1900 1920 1940 1960 1980 2000 2020 2040 2060
World power development forecast

Theoretical resources of renewable energy

Energy sources

Solar energy
Wind energy

in the world

Resources. mil. ton of

Geothermal energy (up to

10 km depth)

World ocean energy

Bimass energy
Hidroenergv

SmartGrid

reference fuel
130*10°
0,2*10°
4800*10°

0,25*10°
0,1*108
0.005*10°




Lecture 2: Solar energy technologies.

Authors: Nikishin Andrey, Associate Professor, Dr.Eng., KSTU;
Solovey Alexander, Associate professor, Dr.Eng., NTU "KhPI»

Section introduces the assessment of the potential and prospects of solar energy use in
the world, , classification and the main types of solar power plants, the methods of
calculating of their power. The main schemes of direct use of solar energy are given. The
environmental aspects of the solar power plants impact on the built environment and
economic aspects of their use in this environment are stated.

Solar Energy Resource Base
1.5x10'® kWh/year

1.7x10° TW,,, @ ﬂ

Wind Energy Human Energy Use
Resource Base (mid- to late-century)
6x10'* kWh/year 4x10' kwWh/year
72TW,,, 50TW,,,

Solar Resource on

Earth’s Surface The resources of solar energy

5.5x107 kWh/year
3.6x10° TW,,,




Lecture 3. Technologies of wind energy use.

Authors: Beley Valeriy, prof., Dr.Sc., KSTU; Zadorozhniy Andrey, Phd student, KSTU.

The lecture outlines the basic knowledge about the wind and
its energy potential, which forms the students' understanding %,
of the physics of the processes and the possibility of using
wind energy for practical purposes. The main stages of
development of wind turbines (WEC) development from the
first installations to the modern are analysed.
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Lecture 4: Technologies of water power use.

Authors: Beley Valeriy, prof. , Dr.Sc., KSTU; Selin Viktor, prof., Dr.Eng., KSTU.

To technologies that use water power, correspond
the energy sector, which uses the energy of falling

e
iy et BTN o v

water (hydropower). This energy is converted into |
mechanical or, most often, electrical.

The most powerful hydroelectric plant in the world,
Three Gorges (China), P=22,5GW

A full-scale prototype of the Pelamis P-750
The lecture introduces students to the basic types of hydroelectric power plants, the method of
their power calculation. The main schemes of use of water energy are given. Environmental
aspects of the impact of hydropower plants are stated. The result of study is to obtain
information about the possible use of water power in the present and in the future;
environmental technologies for water power use in the existence of the built environment.




Lecture 5: Technologies of bioenergy use.

Authors: Selin Viktor, prof., Dr.Eng., KSTU.
The main results of study are:
» data about the characteristics of

different types of biofuels; CHabxeHve ~—h L’?) CHabxeHue
.inf . h .. kind f 13 munnuoHoB 12 MunnuoHoB

.|n ormation on't e p-rlorlty inds o AOMOBNAREHWA 69 .1 HenepepabTIEIaaoNER "
biomass for use in regional energy ( GbITOBLIX OTXOAOB \
balances;

. . TepmonepepaboTka Ha aneKTpocTaHLUuUsX,
* mastering the methods of calculation cxvratownx TEO
of bioenergy plants, and their technical 25 unpga. 81y S— 69 Mnpa. KB 4
and economic efficiency; AHEMpOs T TennoBo
. . .. 3Heprum | Beipabomka JHepruu
* acquaintance with the principles of
calculation and thermal schemes biogas \a XpaHeHuo
CoxpaHeHue CoxpaHeHue

generators, bioenergy plants;

* acquaintance to the dynamics of the
implementation of bio-energy in the
energy mix in different countries. TR ATV OB

In Europe 69 million tons of MSW annually burned and more than 28 billion kWh of the electric
energy and about 69 billion kWh of thermal energy is generated. It allows to save up to 38
million tons of fossil fuels and prevent emissions of greenhouse gases (in terms of Ha CO2) up to
37 million tons per year.



Lecture 6: Technologies of geothermal energy use.

Authors: Selin Viktor, prof., Dr.Eng., KSTU.

The purpose of training is to study the
technology of geothermal energy to
produce electricity and heat, as well as
commercial products from the mineral
substances contained in geothermal fluids.
Learning outcomes can be:

* evaluation of the economic feasibility of
the use of regional geothermal resources
for power generation;

* evaluation of the economic feasibility of
the use of regional geothermal resources
for use in balneology and heating and
ventilation systems,

 assessment of the possibilities of regional
geothermal resources in the systems of
heat pump installations;

* mastering the assessment methodology of
the heat capacity and the geothermal array
time constant.
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Lecture 7: Political framework conditions of legislation
in the field of renewable energy.

Authors: Elagin Nikolay, Associate Professor, Dr.Eng., KSTU.

The training purpose of a subject is acquaintance to the frame conditions of the standards and legal
base of various countries aimed at the development and support of use of renewable power:
 analysis of the framework conditions for the creation of the legal framework in the field of renewable
energy;
 basic data for analysis and selection of the most effective solutions for making legislative initiatives;
« example to illustrate the effectiveness of policy in the field of renewable energy.

The basic materials of study module are: lecture notes and teacher assignments uploaded to the Moodle
platform.

They include interactive tasks for an intermediate assessment of knowledge by the teacher, and the student
(self-assessment). Students are offered links to additional materials on the Internet, such as databases,
including ScienceDirect, Scopus, electronic libraries, and so on. Additionally, on the TEMPUS project site
(http://www.ceneast.com/) links to open source videos and methodological materials provided by the best
universities module are submitted. Students are encouraged to perform the abstract, including elements of

research on the topic essay.
The thesis of Teplyakov M. M.: "Design of biopower plant in the Kaliningrad region (biofuel — a fast-

growing willow)", which was presented at Ministry of Education and Science of the Russian Federation
competition of diploma works, was chosen as the best in the one of the nominations of “Use of RES

Beneii B.®. Bo3o6HOBAssEeMble MCTOYHUKM 3HEPTruun: CNPaBOYHUK moayna /noa
pea. B.®d.benesa, B.B.CenuHa, A.O. 3agoporkHoro ,A.F0.HuknwunHa, H.H. EnaruHa,
A.B. Conosba. —KanuHuHrpag: ®rooOy BMO «KITY», 2015.- 184c.



