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= lepmHMUMA 33 UHTEeNUreHTHa MpeXKa

" AHTeNUreHTHU UamepBaTe/IHMN ypeau

= CeH30pH

" YnipaB/aeHne Ha noTpebaeHneTo

= UKT

= MUKpompexu

" |[A3KYCTBEH UHTENEKT

" baoK4yeunH

= ENeKTpmnyeckn NpeBo3HU CpeacTBa

) = CncTteMu 3a CbXpaHeHUe Ha eHeprua
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HILCTIICTY -
Danube Transnational Programme ﬂled)MHMLIIMM 3a MHTenMFeHTHM Mpe)'KM (1)

" KaKBO NpaBu mpexaTta ,,UHTeJINTeHTHa ?

" HakpaTKo, AurutasnHata TEexXHO/ornA, KOSITO MNO3BONABA
ABYMNOCOYHA KOMYHUKaLUA MmexXay npeanpuATUETO
(nponssoauTen, AOCTaBYMK M T.H.) U HErOBUTE KAUEHTU, WU
HabnlogeHMEeTO NO MPEHOCHUTE MPEXW e ToBa, KOeTo npasu
MperKaTa UHTeNIUreHTHa.

" NNogobHO Ha WHTEPHET, MHTeNUreHTHaTa MpeXKa ce CbCTOU OT
KOHTPONEpW, KOMMNIOTPU, aBTOMATU3aALMA U HOBU TEXHONOTUU U
obopyaBaHe, paboTewmn 3aegHO, HO B TO3M CAy4al Tesu
TEXHONOIMMWN Lie PaboTAT € enekTpuuecKata mpexxa, 3a Aa
OTroBOpAT UMPPOBO HA HawWweTo 6BP30 nNpomeHAWO ce
notpebneHue Ha enekTpoeHeprms.
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HILCTIICTY -
Danube Transnational Programme ﬂled)MHMLIIMM 3a MHTenMFeHTHM Mpe)'KM (2)

" KaKBO NpaBu MHTEAIUIFEHTHAaTa Mperka’?

" lHTeNIMreHTHaTa MpeXka npeacTtasnasa be3npeueneHTHa
Bb3MOXHOCT 3a Npexo Ha eHeprnmHata MHAOYCTPUA KbM HOBA
epa Ha HaAeXXAHOCT, A0CTbNHOCT U ePEKTUBHOCT, KOATO LLLE HU
npeaocTaBn UKOHOMMUYECKU N eKONOTUYHU NON3H.

" [lo Bpeme Ha npexoaHusa nepuoa ue 6bae WU3KNOYUTENHO
Ba*KHO Aa Ce M3BbPLUBAT TECTOBE, TEXHOJIOTMYHU NoaobpeHuns,
obyyeHme Ha noTtpebutennte, pa3paboTBaHe Ha CTAaHAAPTU U
pasnopeabun n cnogensaHe Ha MHOOPMALMA MeXAY NMPOEKTUTE,
33 Ja Ce rapaHTvMpa, 4e Mo/3MTe, KOUTO npeasuKigame oT
NHTENIUTEHTHUTE MPEXKM CTaBaT PEAJIHOCT.
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HILCTIICTY -
Danube Transnational Programme ﬂled)MHMLIIMM 3a MHTenMFeHTHM Mpe)KM (3)

= [lonsure, CBbpP3dHUN C UHTENITUTEHTHATA MPerKad, BRJIKOYBAT.

" [No-edeKTMBEH NPEHOC Ha eNeKTPOEHepPrus

" [10-6bpP30 Bb3CTAHOBABAHE Ha ENIEKTPUYECTBOTO C/ie[, CMYLLLEHUS B
e/IeKTpo3axpaHBaHETO

* HamasieHu pa3xodm 3a NoAJpPbyKKa U ynpas/ieHne U B KpaHa cMeTKa
NO-HUCKWU Pasxoau 3a eHeprus 3a notpebutennre

* HamaneHo NMKOBO NoTpebsieHMe, KOETO CbLLO LLe MOMOrHe 3a no-
HUCKM LLlEHUN Ha eNeKTPOoeHeprmaTa

" BHegpABaHE Ha WMPOKOMALWabHM NPoOeKTH 3a Bb30H6HOBsAEMA
eHeprus

" [To-pobpa nHTerpauma Ha CUCTEMM 3a NPOU3BOACTBO HA
eneKTpoeHeprmusa cobcTBeHOCT Ha NoTpebutenmnTe, BKAOYMTENHO BEU

" [lopobpeHa cnrypHocT
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NHTenmnreHTHaTa MpeXka B
KapTUHKU

https://www.smartgrid.gov/the_smart_grid/smart_grid.html
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interreg @ KpanHo notpebneHne Ha eneKkTpoeHeprma no
Sele bl CEKTOPU Ha CBETOBHO HMBO 1974 — 2018 .
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" EHeprumHuTe HYXAU ca
No-rosemu oT BCAKOra

= ENneKTpoeHeprmAaTta B
KpanHOTO noTpebaeHmne

Ha eHeprua e 24% - 31%
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Source: IEA, https://www.iea.org/data-and-statistics/charts/world-electricity-final-consumption-by-sector-1974-2018
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Danube Transnational Programme

STRIDE M notpebneHneTo Ha eHeprus

Energy consumption Economic growth
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Danube Transnational programme NHTEeNUreHTHU mpexkn — MHOBaTUBHU peLleHunA

=  J1BynOCOYHa KOMYHMKALUA MexKay notTpebuten n octaBYmnK
= Ob6meH Ha eneKkTpoeHeprma u MHpopmauma

= O6HOBEHa eNleKTpUYECKa Mpexa

= []o-ronAama roBKaBoCT

" [loTpebuTtenn, KOUTO ca U NPOU3BOAUTENM

< T“il‘m
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resent day Future

Source: https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2013/smart_grids.pdf
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" [lpomeHeHO
M3NbJIHEHUEe npes
roguHuUTE U
neceTuneTmAaTta

= [1bNAroCcpoYvYHO
NNaHUpaHe

" [JOAUTUKUN N HACOKU
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Source: https://www.powerelectronicsnews.com/wp-content/uploads/sites/3/2017/05/NDavis2.png
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Han-ronemure MOTUBATOPU NO UKOHOMUKU

R

Developed Economies (left); Developing Economies (right)

System efficiency improvements Reliability improvements

Renewable energy standards or System efficiency improvements

targets
Enabling new products, services, Revenue collectionand
and markets assurance improvements

Renewable energy standards or
targets

Enabling customer choice and
participation
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Source: https://www.iea-isgan.org/wp-content/uploads/2018/02/ISGAN Report SGDriversAndTechnologies 2014.pdf
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Internal driving forces

. ri rator
end — user benefits SU ope.
benefits

lower energy greater flexibility
costs greater supply
less shortages security

better improved system

consumption security
awareness reduced

local energy management
generation and operation
income from DR costs

lﬂte" €g B MoTusauma 3a passuTMETO Ha UHTEAUTEHTHUTE

MpEXHU

External driving forces

national benefits

increasing electricity
demand

agreed upon
international policies
GHG emission goals
renewable energy
goals

greater energy
independence
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No3BonABa Ha Ob6xBalla pa3nnyHU BkatouBa
MpeXKaTa aa obnactu CbLLECTBYBALLU U
bYHKLWOHMPaA NO pa3BMBaLLK ce
,UHTE/IUreHTEH TeXHO/10Mnu
HaYnH"
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~terrec IR NHTennreHTHM namepsaTe/iHu ypeau v
HILCSTICYy kA
Danube Transnational Programme yC.bB.prUEHCTBa Ha M3MepBaTen Ha

MHPPACTPYKTYpPA (1)
= 70-Te roaguHnN — Ha4d4a/Z10 Ha Pa3BUTNETO HA UHTEJTUTEHTHOTO
n3mepBaHe
= [INCTAQHUMOHHO ynpasB/eHne N KOMYHMKaLMA
= J1BynOoCO4YHa KOMYHUKaLUA
" /I3mepBaHe Ha NOTpebneHMeTo Ha eNEKTPOEHEPIMA B PeasIHO Bpeme
" BKAtouBaHe/M3KNOUYBAHE HA 3aXpPaHBaHETO

TYPES OF ELECTRICITY, HEAT, AND GAS METERS

Type of meter Advantages Disadvantages

e  Manually reading

o Electricity consumed by current coil is also
registered on the meter

o Creep phenomenon

Electro-mechanical ¢ Reliable measurement

Electricity

meter ¢  Measure more parameters besides energy

consumption ¢  Complex communication infrastructure required
1 7 Electronic ¢ LCD/LED display ¢ Periodic calibration routines are required
¢  Two-way communication o Security issues with unencrypted communication

¢  Other functions of smart control

Source: https://ieeexplore.ieee.org/document/7365417
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& NHTEeNUreHTHU namepBaTenHun ypeam u
HILTTICY N
Danube Transnational Programme yC-bB-prUEHCTBa Ha MBMepBaTen Ha

MHPPACTPYKTYPA (2)

= [lIoNbAHUTENHU NPEAMMCTBA Ha MHTE/IMTEHTHOTO
N3mepBaHe:

" NlHPopmauma 3a noTpebieHneTo B NOYTU PpeasHO Bpeme
" YnpaBsieHUe Ha noTpebieHneTo Ha eHeprus

" HamanasaHe Ha pa3xoauTe U BpeaHUTe eMucum

" HAma noBeye NPOrHO3HO TaKCyBaHe

= []o-necHa cMAHa Ha AOCTaBYUK

" MOHUTOPUHT Ha “34paBHMA CTAaTyC” HA cucTemara
18
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Source: https://hrvatska-danas.com/2021/04/11/akontacijska-struja-odlazi-u-povijest-iducih-10-godina-svi-bi-trebali-dobiti-pametna-brojila/
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A
Functionality

i i

Pa3BUTNETO Ha UHTENIUTEHTHUTE
e/IeKTPOMEPU U TEXHUTE DYHKLIUU

Intelligent energy systems

Smart Meters
Other enabled applications
Data storage and management
Detection and diagnosis of system faults
Bidirectional metering and billing
End-to-end communication
Digital/interactive display
Physical & electronic/wireless connection
Networked system

: Distribution control :
1 Outage detection and restoration !
' Demand response : AMI
: Two-way automated meter ¢
< Infrastructure (AMI) E

Automated billing

One-way automated meter reading

(AMR)

Remote meter reading

(RMR)

Conventional Meter

Manual billing
Manual reading
Analog display

Physical connection
Hierarchical system

e e e e r r r r r r r r r r r r r r r r C e e e - = = = e -

Conventional energy system

>
Development

Source: https://ieeexplore.ieee.org/document/7365417
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D ﬂmewel:eg B YcbBbplLUEeHCTBaHa U3mepBaTe/Ha
STF MHPPACTPYKTYPA NPU MHTENUTEHTHA MPeXka

1 Distribution Automation
.
s I
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| Smart = A 3 |
* ="
| Outage Management | Aidainr) - = |
w
 p| Grid Events and Alarms I — |
| 2 i
| Meter Events and Alarms | . :
| .| Billing and Customer Care |':' v N |
4 o] !
: Smart - ] |
Meter Data il PMeter oy | 2 |
— Management Systemm <«—— System Controller I s - O |
(MDMS) F 15 < I
? I }\" |
Backhaul Network A Smart | I~ 5 I
(DSL, Cellular, PLC) F 2 N Meter R | =2
s | 2
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F 2 1S S
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’ i . ~—
K ? o p Smart " § |
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Data Collector Unit L~
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Source: https://doi.org/10.1016/j.jnca.2016.10.003
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Iﬁterreg 55 Haun-BaXXHMUTe NPUNOXKEHUA Ha
Danube Transnational Programme YCbBbPLUIEHCTBaHaTa U3mepBaTe/IHa

MHPPACTPYKTYPa
= [loKa3BaHe Ha AaHHM 33

notpebieHneTo B peanHo
Bpeme

" L|,€HOBI/I cXemMmun, KOUTO Ca
no-ANHaMUYHHA

" HeTHO OTYUTAHEe

" [lo-6bp30 Bb3CTAHOBABAHE
Ha ycayrure

= JnCTaHUMOHHO
BK/1tOYBaHe N U3KIOYBaHe
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Source: https://www.smart-energy.com/regional-news/africa-middle-east/ericsson-bags-smart-meter-deal-in-india/
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terred B Han-BaXKHUTE NPUNOKEHMA Ha
HILCTITITY K
Danube Transnational Programme yc-b B-prUEHCTBa HaTa MBMepBaTen Ha

MOHUTOPUHT Ha MHPPACTPYKTYpa

Ka4yeCTBOTO HAd EHEPIrnATa
" Bb3MOXHOCT 33 23308

npeaniaulaHe Ha ..uu‘-' e -

eHeprus -~ R v
= OTKpMBaHe Ha | V —:‘ - |

MaHUNyNALUNUU U KParKOK ,:'}Q - -

Ha eHeprus >‘¥ 2 / J ”
" [lo-epeKTUBHO P |
M3MN0/3BaHe Ha | sassn Q
enekTpomobmnnu )
= Ynob6cTBO 33 K/IMEHTa

Source: https://paktechpoint.com/advanced-metering-infrastructure-functional-requirements/
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How smart meters are changing

our homes for the better
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Project co-fundeéed bV the Europen Union (ERDF. IPA) Source: https://alfakharco.com/utility-solutions/end-to-end-integrated-smart-metering/
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D;'T"e['ﬁ,bgg AHanns pa3xoau 1 NON3M Ha YCbBBHPLIEHCTBaHA
M3MepsaTesiHa UHPPACTPYKTYpPa

~~  Costs . Benefts

= AMI Metering Equipment and = Reduction in Meter Reading Costs
Communications Infrastructure = Reduction in Field and Meter Services
Implementation (Manual Disconnect/Reconnect of Meters,
e AMI Meters & Installation Manual Off-Cycle/Special Meter Reads)
e AMI Communications Network = Theft/Tamper Detection and Reduction
Hardware & Installation = Efficiency Improvement in Billing and
» [T Systems and Integration: MDAS,MDM, Customer Management
storage system, data integration platform, |* Improved Capital Spend Efficiency
analytics software — Distribution System Management
= Program Management — Asset Management Planning
= AMI Operational Costs — Avoided Meter Purchases
— Metering Operations (Maintenance, = |mproved Outage Management Efficiency
field servicing, inventory management)
— Communications Operations
25 * Consumer Education

Source: https://www.nsgm.gov.in/sites/default/files/Smart-Grid-Training-Course-July-2016.pdf
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" MOHUTOPUHT N U3MEPBAHE Ha CbCTOAHUETO Ha
MperKkaTa

" OTKpMBAHE HAa MEeXaHNYHU NOBPEAN B MPEXKUTE

26

Sources: http://www.metrycom.com, https://greentechlead.com/smart-grid/smart-grid-sensor-market-to-grow-ten-fold-by-2021-22459
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~Interreg YnpasneHue Ha peakumaTa npu
anube Iransnationa rogramme
notpebneHneTo

= [Iporpamu 3a peakuma npwu
notpebneHneTo n eHeprumHa epeKTUBHOCT

= AjanTUpaHe Ha ToBapa KbM Ha/IMYHaTa
MOLLLHOCT

" MIKOHOMUYECKU CTUMYNU
" [lon3n 33 OKOJ/IHATa cpeaa

™ OcurypsaaHe Ha cTabunHOCT Ha MpekaTa
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llll-b'llbg - TunNWYHM Uenm 3a cbopmaTa Ha TOBapa4d, KOUTO MOTlaT

Danube Transnational Programme .ﬂla 6'b.£||aT NOCTUTHATUN Y pe3 pea KLlIMﬂ M p U
notpebneHneTo
:a Peak Clipping b Valley filling
/1_\' - ot
'C Strategic Conservation d Strategic Load Growth
A{ V\f
& " f :
' Load Shifting Flexible Load Shape
28 A /////

Source: https://ieeexplore.ieee.org/documen t/8038581



https://ieeexplore.ieee.org/document/8038581

(t )

HILCTIICTY -
Danube Transnational Programme BMAO Be pea KLIIMH n pM nOTpe6neH MeTO

" IMNAnunTHa peakuua

" Tapndun n ueHoobpasyBaHe cnopen NnoTpedbneHneTo:
" EAnHHA Tapuda
" |[leHOOOpa3yBaHe, cnopes BpemeTo Ha notpebaeHune
" [leHOOOpa3yBaHe B peasiHO Bpeme

" Tapndun 3a NMKOBM YacoBe Ha noTpebneHue (AMHAMUNYHO
ueHoobpasyBaHe)

" Bb3cTaHOBABAHE Ha CyMM NMPU NO-MaKko notpebneHune ot
OYaKBaHOTO MO NpeaBapuUTenHo onpeaeneHn Tapudm 3a
NMUKOBW YacoBe Ha NoTpebseHne

2 » KateropuyHa (eKcnanumnTHa) peakuus
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Utility Home AC AC Wind
grid consumers Loads Generators  Turbines

W AC bus ‘
A\Y

Photovoltaic @

panels

Battery
storage

Source: https://ieeexplore.ieee.org/document/8282457
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MHPOPMALUMOHHU U KOMYHUKALMOHHM

Operator control center

‘; -‘ :':,." i |
//Main power generation

TEXHONOIMMHU

Transmission and distribution

l

| ‘Consumer
| hamanes g;/ ‘ i ..|...V
In ot L u‘{ . ~8| N
| ascs | M
] S all Mones 3 (i
. - P T
Warciens a ﬁ.}’ A
' ------- da ,\' L»
HAN
Consumer Consumer Consumer
HAN HAN HAN yAN
Local Data | WAN
Concentrator /
Local Data
Concentrator ‘ Local Data
' Concentrator

Renewable energy

Source: https://ieeexplore.ieee.org/document/7526014
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Danube Transnational Programme M M KpOM pE)'KM

" IHTEeIUTEHTHUTE MPEXN moraTt aa 6baar
pa3geneHn Ha MHOXKECTBO MHTEerpmupaHu
MUKPOMPEXKN

" YacT OT MperkaTa, KOATO MOXe A3 pabotu
aBTOHOMHO (M3BbH MperKaTa)

=" CbCTOM Ce OT TOBAPU U USTOYHULMU Ha
eHeprua

- " [lpeBKNOYBATEN 33 U30JINPAHE
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Danube Transnational Prograﬁfnmé’ M.ﬂle ﬁ H a CxeMa H a M VI KpOM pe)Ka

Precise energy and power balance within the MG

« Different generation sources (e.g. Solar PV, Wind
power, Biopower plants)

* Management control system

More sources - higher resiliency but more complex

control needed

Seasonal match between

generation and load

* Different production
sources

* Long term storage (e.g.
pump hydro, hydrogen

"l -

= | Energy Storage (e.g.

ON batteries, flywheel,
'3 CONTROL - ] connected electric
SYSTEM .
S — —T vehicles)
* Provide energy when
’ OFF Ia. generation is low
| » Balance effects
* Frequency control

Nature of connection with the main utility Demand management

* Control functions guarantee no * Greater efficiency through balancing
disturbances on outside grid demand with available supply

* Islanding schemes « Different models

* Potential service flows, e.g. renewable « Economic with differentiated rates
energy, effect balance, stability * Environmental to target most

renewable production
3 3 « Stability to outside grid

Source: https://doi.org/10.1016/j.rser.2019.109690
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MUKpOMpPEXKU C NOCTOAHEH TOK

Fuel cell Utility

ﬁ DC Micgrogrid ' “
" oh ' |' Network

Solar power Wind power

]
DC residential Load — _! = Energy storage system

Source: https://ieeexplore.ieee.org/document/7392709
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ANATOMY OF A MICROGRID

000" o F =0
G@@=' A
0@

NEIGHBOURHOOD EV FLEET DOMESTIC POWER PLANT THE SMART SWITCH

A neighbourhood car-sharing lot would serve as When power needs are low—for example during There's no “central command centre” in a

a giant collective battery, ready to supply the the day when nobody is home—rooftop solar microgrid. Instead, intelligent and semi-
microgrid when needed to offset peak loads panels could top up in-home battery packs, such autonomous switching components would

and reduce the need for redundant transmission as those made by Tesla Motors. A microgrid could monitor an area’s immediate needs and
cables. This in turn reduces system costs and access those packs as needed, sharing the power available resources, and move power when and
keeps rates down for customers. with neighbours during an outage. where it is needed.

35

Source: https://cleanenergycanada.org/wp-content/uploads/2014/10/Anatomy-of-a-Microgrid.png
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HILCTIICTY -
Danube Transnational Programme M 3 KyCTBe H M HTe.fI e KT

" HayKa N MHXXEeHEePHU 3HaAHUA 33

U3rpaxkgaHe Ha MHTeJIMreHTHN MallHU

" HQYMHM NO KOUTO MALLUUHUTE MmOoraT Aa NOCTUINHAT
U3KYCTBEH UHTEJ/IEKT.
* MawunHHO obyyeHune (Machine Learning):

* 1bnb60oKo 0byyeHue, n
* MloacnneHo obyyeHue.

" [[porpammpaHe, 6asnpaHo Ha npaBuia

" /3KYyCTBEHU HEBPOHHU MPEXN — TPU C/104
36
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APXUTEKTYpa Ha U3KYCTBEHA HEBPOHHA MPEXKa,
“3M0/13BaHa 3a NPOrHo3npaHe Ha 6HbAaeLLU ToBapK

| | Neural Network
Historical Load e ; Architecture
Data !

Historical Load |
Data

Historical Load __J
Data

Historical Load _

Data
Weather .
Data q;i‘
------ lnput Hidden Output
Layer HAYEE .

Source: https://doi.org/10.1016/j.rser.2015.04.065
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[leueHTpannsnpaHa TexHonorma

YyacTHMUUTE Cb3aaBaT, NOAAbPKAT U CbXPaAHABAT
BEpUrn ot MHPOPMaALMOHHU BNOKOBE

BceKku NMapTHbOP UMa KOornume oT CHeTOBOAHATA KHUTA

MHTeNUreHTHN 40roBOPU — CbracyBaHM ca
npeaBapuUTENHO U Ce N3NbAHABAT, KOraTo YC/10BUATA
Ca U3NbJAHEHMU

Peer to peer (P2P) Tbprosusa c eHeprusa, KbaeTo
Hanpumep notTpebutennte morat Aa 6bAaT U
NOCTAaBYMNLIM HA EHEPTUA.
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interreg B/ OnucaHue Ha 6/10KYeNH U NPUHLMNG
' Ha MHTENUTEeHTHMA 4OrOBOP

8 &
L 25

the
blockchain The contract executes

Ll, automatically once a condition
ock

is met or an event is reached

Block 3
s ] [ ) '& =l
n Commit to
| the To exchange assets, a contract
Q blockchain between two individuals is
Block 1 written as conditions and
Blockchain events

39

Source: https://ieeexplore.ieee.org/document/9090812
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. HILCTIICTY -
Danube Transnational Programme EflEKTpMLIeCKM anBO3HM Cpe.ﬂICTBa

" TpaHCNOPTHUA ceKTop — 1/4 oT emucumnte
Ha NAapPHWKOBU rasose B EBpona

- |_|_|yN\OBO 3dMbpPCABAHE - TOJIAMO

= [lBUratenute Cc BbTPELWIHO ropeHe ca
N3KNtoYUTENHO HeedeKTUBHU (18% - 25%)

40
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KOHBEHLUMOHaNHO NPEBO3HO CPeaCcTBO

C ABUIaTeNl C BbTPELWHO NopeHe,
Herosute npeamMmcTea M He4oCTaTbUU

Source: https://www.eea.europa.eu/publications/electric-vehicles-

in-europe/at_download/file

41

Conventional

vehicle

Conventional vehicles use an internal
combustion engine (petrol/diesel) to

provide vehicle power.

Combustion engine

< ©

ADVANTAGES
SN Y=y
CHOICE OF MANY REFUELLING
DIFFERENT STATIONS
MODELS
DISADVANTAGES

EXHAUST FOSSIL FUEL HIGHER ENGINE
EMISSIONS DEPENDENCY NOISE

X

LOWENERGY
EFFICIENCY
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" Interreg N OCHOBHM YaCTU Ha eNEeKTPUYECKO U
anube Iransnationa rogramme
STRIC XMbpuaHO NPeBO3HO CPeacTBo

CONTROLLER

es the amount of

((o))‘

power 1 the elect mot

RECHARGEABLE
BATTERY

Doardqd storage

ELECTRIC MOTOR/GENERATOR
The al¢ i motor 1se electrical

f aelect eneroyv . enerev tor
I el t <4y s 1ergy t

TANK . COMBUSTION ENGINE
REGENERATIVE BRAKES uses conventional fuel
recover energy when braking, to power the vehicle

to recharge the battery

@+) PLUGIN HYBRID VEHICLE

2 | @ cccrricvenicLE

Source: https://www.eea.europa.eu/publications/electric-vehicles-in-europe/at_download/file
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// \ There are hpl
[ AL [
(\ 3 main types
\ / of Electric Vehicles (EVs)
y
* 3 OCHOBHM TMNA )
= 2 AJOMBAHUTENHMU o=
TMNa () ()
‘LJ*?: ;u:
Battery Hybrid Plug-in Hybrid
Electric Vehicles Electric Vehicles Electric Vehicles
(BEVSs) (HEVs) (PHEVs)
43 hpi.co.uk

Project co-tunded by the Europen Union (ERDF. IPA) Source: https://www.hpi.co.uk/content/electric-cars-the-electric-era/electric-cars-different-types-electric-cars/
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Enekrpuyecko npeBo3HO
cpeacTBo ¢ baTtepus,
HerosuTe NpeaMmcTBa U
HeaocTaTbuUm

Source: https://www.eea.europa.eu/publications/electric-vehicles-in-
europe/at_download/file
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Battery
electric vehicle

Battery electric vehicles are powered by
an electric motor and battery with
plug-in charging.

Battery

g ©

""" Electric motor/

generator
ADVANTAGES
" /\n 49) 4
a ‘-’"a‘//l
HIGHER HOME/WORKPLACE LOW ENGINE ZERO EXHAUST
EFFICIENCY RECHARGE NOISE EMISSIONS

DISADVANTAGES

e X o=

FEWER RECHARGING LONG TIME SHORT DRIVING
STATIONS TO RECHARGE RANGE
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XnbpugHo
e/IeKTPUYECKO
NPeBoO3HO CPeACTBO,
HerosuTe NpeauMmcTsa U
Heao0CTaTbUM

Source: https://www.eea.europa.eu/publications/electric-vehicles-in-
europe/at _download/file

Hybrid
electric vehicle

Hybrid electric vehicles combine a
conventional (petrol/diesel) engine and a
small electric motor/battery charged via
regenerative braking or the engine.

Combustion engine

e € 0
' Battery

... Electric motor/

generator
ADVANTAGES
HIGHER MANY REFUELLING
EFFICIENCY STATIONS

DISADVANTAGES

- O D <

EXHAUST FOSSIL FUEL HIGHER ENGINE TECHNOLOGICAL
EMISSIONS DEPENDENCY NOISE COMPLEXITY
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Source: https://www.elsevier.com/books/electric-vehicles-for-smart-cities/nanaki/978-0-12-815801-2
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Plug-in xubpuaHo eneKkTpmnyecko
NpeBo3HO CpeAcTBO, HEroBUTE
npeaumMmcTea U HeaoCTaTbUU

Source: https://www.eea.europa.eu/publications/electric-vehicles-in-

europe/at_download/file

Plug-in hybrid
electric vehicle

Plug-in hybrid electric vehicles have a
conventional (petrol/diesel) engine
complemented with an electric
motor/battery with plug-in charging

Combustion engine

" Battery
“--.. Electric motor/
generator
ADVANTAGES
HIGHER HOME WORKPLACE MANY REFUELLING
EFRCIENCY RECHARGE STATIONS
DISADVANTAGES
TECHNOLOGICAL

COMPLEXITY
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Range-extended
electric vehicle

Range-extended electric vehicles are powered

by an electric motor and plug-in battery, with

Danube Transnational Programme
an Iiux;lsary combustion engine used only to

supplement battery charging.

“

Combustion engine

EnekTpmnyecko npeBo3HO CpeacTBo C
pa3LlmpeH obxsaT, HeropuTe
npeauMcTBa U HeAOCTaTbLUM o 0,

Source: https://www.eea.europa.eu/publications/electric-vehicles-in-
europe/at_download/file

- Battery

"* Electric motor/
generator

ADVANTAGES
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HIGHER HOME/WORKPLACE MANY REFUELLLING
EFFICIENCY RECHARGE STATIONS

DISADVANTAGES

48 )
P,
TECHNOLOGICAL
COMPLEXITY
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EnekTpmnyecko NnpeBo3HO CpeacTBO
C FOPUBHU KNETKU, HEFOBUTE
npeauMcTBa U HeJoCTaTbLUM

Source: https://www.eea.europa.eu/publications/electric-vehicles-in-
europe/at_download/file

Fuel cell
electric vehicle

Fuel cell electric vehicles use a fuel cell to
create on-board electricity, generally
using compressed hydrogen and oxygen
from the air.

Electric motor/

generator
o Hydrogen tank
Fuel cell
ADVANTAGES
4
V @ ‘J,'.r///
HIGHER LOW ENGINE ZERO EXHAUST
EFFICIENCY NOISE EMISSIONS

DISADVANTAGES

-
v,

COMMERCIAL LACKING TECHNOLOGICAL
AVAILABILITY REFUELLING COMPLEXITY
STATIONS
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Project co-tunded bV the Europen Union (ERDF. IPA) Source: https://www.emobilitysimplified.com/2020/03/how-to-charge-electric-vehicle-plug-in-battery-swap.html
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4 pexxnma

Pa3/IM4HUN CKOPOCTHU
U NPpUNOKEHNA

Ha4ynHU 3a 3apeXxXaaHe Ha
enekTpomobunu

:.\9‘ @ Mode 1

Control &

Communication
D3 o iy o

AC
¥
B Control &
& Communication
. @ Mode 3
DC

AC

[

Control &
Communication

U @ Mode 4

WSS cable connected to charger

Source: https://deltrixchargers.com/about-emobility/charging-modes/
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42 A o | Iniean (EDDE IDA) Source: https://www.eea.europa.eu/publications/electric-vehicles-in-europe/at _download/file
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= (OyakBaHu emuncum Ha CO2 npes
XU3HEHUA UMKDBA 3a PA3/TUYHU
NpeBO3HU CPeacTBa U BUAOBE
ropmeo, 6a3mMpaHu Ha NPEBO3HO
CpPeACcTBO OT CpeneH Knac, KOeTo
nammHasa 220 000 Km npes
LLe/INA CU XKUBOT

Source: https://www.eea.europa.eu/publications/electric-vehicles-in-
europe/at_download/file

53

= 350

%

w

[ =

-]

wi

£

£ 300

e

o
250 Pe( ol
200 .
150
100
50

mml Ccnvul

. Vehicle production and disposal
- Fuel production
- CO, exhaust emission

§
2N,

Renewable
electricity

i
g

ny-u electric

/\.
p A B

Renewable
electricity

Battery electric
vehicle

L

;

B

(based on

EU average)

o

Battery electric
vehkle

Mixed electricity,

100 % coal
electricity

e

Battery electric
vehicle



https://www.eea.europa.eu/publications/electric-vehicles-in-europe/at_download/file
https://www.eea.europa.eu/publications/electric-vehicles-in-europe/at_download/file
https://www.eea.europa.eu/publications/electric-vehicles-in-europe/at_download/file
https://www.eea.europa.eu/publications/electric-vehicles-in-europe/at_download/file
https://www.eea.europa.eu/publications/electric-vehicles-in-europe/at_download/file
https://www.eea.europa.eu/publications/electric-vehicles-in-europe/at_download/file
https://www.eea.europa.eu/publications/electric-vehicles-in-europe/at_download/file

(t )

HILCTIICTY -
Danube Transnational Programme £ JIEKTPOMOBOUAN U UIHTENIUTEHTHU MpPeXH

" NIHOWPEKTHO KOHTPO/IMPAHO 3apeXaaHe

" 3apexaaHe OT MpeXa A0 NPeBO3HO
CpeacTBO

" UHTeNnnreHTHO 3apeXKJaHe:

" EAHONOCOYHO KOHTPO/INPAHO 3aperKaaHe
= OT NpeBO3HO CPeaACTBO KbM MpeXKa
= OT NnpeBO3HO CpeacTBO A0 AOMA
54 = OT NnpeBO3HO CPeACcTBO A0 NPeBO3HO CPeACcTBO
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V2H/B = Vehicle-to-home/-building
Vehicles will act as supplement
power suppliers to the home

V1G = Unidirectional controlled charging
Vehicles or charging infrastructure
adjust their rate of charging

V2G = Vehicle-to-grid
Smart grid controls vehicle charging and
returns electricity to the grid

Source: https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/May/IRENA EV_smart_charging 2019 summary.pdf?la=en&hash=8A4B9AB5BAB3F2341B366271DCA6FF7EE802AED4
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Source: https://news.energysage.com/vehicle-to-grid-charging-what-you-need-to-know/
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Source: https://www.cleantech.com/ev-charging-software-and-grid-services/
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Source: https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2019/May/IRENA EV_smart charging 2019 summary.pdf?la=en&hash=8A4B9AB5BAB3F2341B366271DCA6FF7EE802AED4
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['bNrocpoyHO Bb3AENCTBUE OT 3aperkaaHe

Long-term impact of EV charging

in wind-based system

@® Curtailment
® Change in yearly peak load (%)

1.9% 1.4% 2%
|| -
ll' -0.59
-3%
-4%
-8%
-10%
Business Vi1G V2G
as usual

Ha enekTpomobunu

Long-term impact of EV charging
in solar-based system
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005 |05 0.5% oo 1%

3% -3% -3%
-10.0% I =

-20.0%

-30.0% I =

-40.0% I m
-42%

-50.0%

-60.0% —
-61%

-70.0%

Business VvViG V2G
as usual

Change in average short-run marginal cost (%)

Change in CO, emissions (%)

Source: https://www.irena.org/-

/media/Files/IRENA/Agency/Publication/2019/May/IRENA EV_smart charging 2019 summary.pdf?la=en&hash=8A4B9AB5BAB3F2341B366271DCA6FF7E

E802AED4
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| 33 3aperkaaHe Ha enekTtpomobuna
Study Scenario Uncontrolled charging Smart charging
50% $9% 5%
penetration o ronth 1o Dak tond increase in peak load
in an isolated system 0.5% solar czrtailment (V2G)
with 27% solar share ik Down to 0% curtailment
0,
23% +11% $1.3% W
penetration US - 5
(California, Hawaii, increase in peak load increase in peak load -
Minnesota, New York, Texas) vi6)
0 [20%|
s $20% V7%
penetration 0 d : k load
Denmark, Germany, increase in peak load ecrease\;gg i
Norway & Sweden ( )
~7%
0
50% 10-23% 8-13%
Island z(:rg;;it':gwa“ us VRE curtailment VRE curtailment
23% VRE’share ' without EVs with smart charging EVs
1MILLION $15% +43-50%
EVsin Gugr;iz::u region, increase in peak load reductlginf;:r::::l:y/peak
6 1 ® Peak load with uncontrolled charging @ Curtailment in no EVs scenario

® Peak load with smart charging ® Curtailment with smart charging EVs

Source: https://www.irena.org/-
Project co-tTunded bV the Europen Union (ERDF. IPA | /media/Files/IRENA/Agency/Publication/2019/May/IRENA EV_smart_charging 2019 summary.pdf?la=en&hash=8A4B9AB5BAB3F2341B366271DCA6FF7EEB02AEDA
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EI'IEKTpON\exaHW-IHM TEXHOJZIOTUUN 3a CbXpPaHEHUNE
* [loMneHo-akyMynMpaLLy BOAHOENEKTPUYECKN LEHTPaNN,
* CbXpaHeHMe Ha eHeprus Ypes CrbCTeH Bb3ayX U

" CbXpaHeHMEe Ha eHeprua Ypes MaxoBuK

CbXxpaHeHue, Ype3 eNekKTPOXUMUYHU TEXHOTOTUK
= batepuun u
= BooopogHu ropuBHU KNETKU

CbXpaHeHuMe No eNeKTPOoCTaTUYEeH NbT
= CynepKoHAeH3aTopu

C'bXpaHEHllle MO ENEKTPOMAITHNTEH MbT
" Ype3 cBpbXNPOBOAALLM MaTEPUANU
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NMPUNOXKEHME

Energy storage system (ESS)

5

F‘i" :

g
¢
.

Transportation application Emergency application Large scale application

— Batteries — Batteries — Battery energy storage systems (BESS)
— Flywheel — Compressed air in vessels — Compressed air energy storage (CAES)
— Ultracapacitor — Flywheel — Flywheel energy storage system (FESS)
— Hybrid systems — Pumped hydroelectric
— Thermal energy storage — Superconducting magnetic energy
— Ultracapacitor storage (SMES)
— Ultracapacitor

Source: https://www.sciencedirect.com/book/9780128042083/distributed-generation-systems
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interreg H TexHoNnornm 3a cbxpaHeHme Ha Heprus, CpagHeHn no
Danube Transnational Programme TAXHATA MOLLHOCT, EHeprnuiHa NAbTHOCT, BpeMe 33
peakuma n epeKTUBHOCT

Response
Technology Power Energy density time Efficiency
Pumped 100 MW-2 GW | 400 MWh—-20 GWh| 12 min 70-80%
hydro
CAES 110 MW-290 MW | 1.16 GWh-3 GWh | 12 min 90%
BESS 100 W=100 MW | 1 kWh-200 MWh | Seconds 60—80%
Flywheels 5 kW-90 MW 5 kWh-200 kWh 12 min 80-95%
SMES 170 kW-100 MW | 110 Wh-27 kWh Milliseconds | 95%
Super <1 MW 1 Wh—1 kWh Milliseconds | >95%
capacitors

64

Source: https://www.sciencedirect.com/book/9780128042083/distributed-generation-systems
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Low demand

= [loTeHuUManHa
eHeprma ot BoaaTa

Upper
reservoir

High demand ;}‘*

= C Haun-ronam
KanayuTeT 3a Tunnels

CbXpaHeHue B
AHelWHaTa Turbines \
eHeprumHa cncTtema Electricity

generation

Lower
reservoir
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Source: https://link.springer.com/chapter/10.1007%2F978-981-13-9409-6 286
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Air To the grid
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| | pressure
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/,_ \ Underground
<' Cavern )
_ Reservoir of compressed air |
\—////

Source: https://link.springer.com/chapter/10.1007%2F978-981-13-9409-6 286
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CbXpaHeHue Ha eHeprusa Ypes MaxoBuK

Axial
Electromagnet

Upper Vacuum
Chamber

Upper Radial
Electromagnet

Lower Vacuum

S Patented

Molecular

Vacuum

Carbon Fiber St
Composite

Flywheel

Motor-Generator Synchronous

Stator Reluctance

4 pole

M-G Rotor

2" Thick
Steel Housing

Lower Radial
Electromagnet

Source: https://www.betterworldsolutions.eu/smart-grid-energy-storage-flywheels/
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= JlBa eneKkrtpoaa,
NoToneHn B
e/1eKTPO/INTEH Pa3TBOP

= JlBa BMAa - morar ga ce

npesapexaaTt Uam He ce
npesapexaar

68

EnektpoxummnyHun batepum

External circuit

O

Electrolyte

g}

Anode Cathode

Source: https://www.sciencedirect.com/book/9780128042083/distributed-generation-systems
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" [lonoXUTeNnHnAT L

e/IeKTPOS, # KaToz, | fan
= OTpuuaTenHuAT Yo ¢ == |
e/IeKTpoa, # aHo 4, P
Discharge 2 e o
= ENeKTponuT 2 e
= BbHLWHa Bepura | LigFePo, Li,Cs
Cathode Electrolvte Anode
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Source: https://www.researchgate.net/figure/Schematic-of-a-lithium-ion-battery-Each-lithium-ion-battery-consists-of-an-anode-and-a_figl 233107188
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= CKOpPOCT Ha
camopa3sperkgaHe

= PeweHne — 3-Tn TUN
baTepun — pes3epBHU
baTepuun

" batepunHu KNeTku —
baTepnmHmM moaynm —
baTepumnHM NakeTu
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Cell

g N\ = ™ (0 £~ -
P“:ﬁli‘s” Module —1 series —( Pack ‘

Source: https://www.sciencedirect.com/science/article/pii/S2666330920300157#fig0002
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ANKanHn (LMHKOB-MaHIaHOB
ONOKcnAa)

ONOBHO KUCENTMHHM
Huken-kagmuesun Ni-Cd)

lutnesu (nnTneso-meneH
okcmna) Li-CuO

Huken-metan xmapmnaHu
(NiMH)

lntnesun (nntmneso-keneseH
ancynéuna) LiFe S2

JlIntTneBo-moHHwM (Li-lon)

Bupose 6aTepunHU KNETKK

" JINTMEeBO-UOHHN NOIMMEPHMU
= C HUKenoB OKCUXUAPOKCUA,

= J/IUTUeBM C LMHKOB X10pnAa
(nMTMeBo-maHraHoB AMOKcKA)
LiMn O2

" |IMHK-Bb34AYyLWHMU

= Ot cpebbpeH oKena (cpebpo-
UUHK)
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= [OpUBHU KNeTKu c
BOAO0POA NN
NPUPOLEH ras

= Bopopogp +
Kucnopopa, —
reHepupar
NOCTOAHEH TOK
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BooopoaHW ropuBHU KNETKK

DC
power

Hydrogen
:: Fuel
cell
Oxygen/air
Water

Source: https://www.sciencedirect.com/book/9780128042083/distributed-generation-systems
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Capacitor discharged Capacitor charged
= Bucoka =
M3XO4Ha el
MOLLHOCT -
2 8 H
$ : CREiE
= BucokKa ueHa S 3 g -
" Bucoka |
CKOPOCT Ha
camopaspexaa
MaSCiolyte Solvated lons Inner Helmholtz plane
HE Separator (polarized solvent molecules)
Random distribution of ions Mirror image of charge distribution
of ions in opposite polarity
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Source: https://link.springer.com/chapter/10.1007%2F978-981-13-9409-6 286

Project co-fundeéd hy the Europen Union (ERDF, IPA)
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. 5"\ Application Output (electricity, | Size (MW) Discharge Cycles Response time
= ! ﬁ i é i@ Ya é - thermal) duration (typical)
g CURDPEAN LNON Seasonal storage et 500 to 2 000 Days to 1to day
Danube Transnational Programme months 5 per year
STRID Arbitrage e 100 to 2 000 8 hours to 0.25 to =1 hour
24 hours 1 per day
Frequency regulation e Tto 2000 1 minute to 15 20to Tmin
minutes 40 per day
Load following et 1 to 2000 15 minutes to 1 to 29 per <15min
= Knwo4osu 1 day day
Voltage support e 1 to 40 1 second to 10 to 100 millisecond
Xa paKTepMCTM KM Ha 1 minute per day to second
CMCTeMaTa 33 Black start e 0.1 to 400 1hourto <1 peryear <1 hour
4 hours
C-bxpa HEH Me C Transmission and et 10 to 500 2 hours to 0.14 to =1 hour
Distribution (T&D) 4 hours 1.25 per day
KOHKPETHU MPUNOXKEHUA  onocton
T&D infrastructure et 1 to 500 2 hours to 0.75 to sThour
B EHeprMﬁHaTa CMCTeMa investment deferral 5 hours 1.25 per day
Demand shifting and peak et 0.001 to 1 Minutes to 1to <15 min
Source: https://www.iea.org/reports/technology- reduction hours 29 per day
roadmap-energy-storage Off-grid et 0.001 to 0.01 Jhoursto 0.75to 1.5 <Thour
5 hours per day
Variable supply resource et 1 to 400 1 minute to 0.5 to <15 min
integration hours 2 per day
Waste heat utilisation t 1to10 1 hour to 1to < 10 min
1 day 20 per day
Combined heat and power t Tto5 Minutes to 1to < 15 min
hours 10 per day
Spinning reserve e 10to 2000 15 minutes to 0.5to <15 min
2 hours 2 per day
74 Mon-spinning reserve e 10to 2000 15 minutes to 0.5to <15 min

2 hours

2 per day
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Interreg H

Danube Transnational Programme

©

Flywheel (high speed)

Superconducting magnetic
energy storage (SMES)

Adiabatic CAES
Hydrogen

Synthetic natural gas

Thermochemical

Capital requirement x technology risk

Flow batteries

Molten salt
Supercapacitor

KpuBa Ha TexHoNorn4yHmMa npobwms - HMBaTa Ha
3PAIOCT Ha TEXHONIOTUUTE 33 CbXPaHEHME Ha

eHeprus

Lithium-based batteries

% Flywheel (low speed)

Ice storage Sodium-sulphur (NaS) batteries

Compressed air energy storage (CAES)

Residential hot water
heaters with storage Underground thermal

energy storage (UTES)

Cold water storage \)\
Pit storage

Pumped Storage Hydropower (PSH)

Research and development

75 @ Electricity storage

Demonstration and deployment Commercialisation

Current maturity level

« Thermal storage

Source: https://www.iea.org/reports/technology-roadmap-energy-storage
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