10y Sdz0d dzd?2 Isjodz yded?2 bkdz o
csd of! €d2 Yd Isjode yded?2 * defplsdls

IEE
205 | 2Oz CysROs ¢ 5

(VLA CURYLRB fryrrrf
NisOdz SO  j et jj FEMISP R 2t

1JwiflrRs [fovrfwefwl sf1A

© . .2%-27,202 4
http ://pems.kpi.ua/



(dzj 66 Isdyded? dB3jdajHy B dels: MlsOdz O f jteimt X Isc
[ ' ¥ dz0O tc 2@ Hzbls p Asdz S it '] tizgzty sl 26-27 dzd fls 2)B@IG d ° o ,' dp ! wg

4" C Bt 2026 B16:H .

Jti1o1rwy ¢Awer R s{fwvrvy
| sdztso O

rrtrloédcrsd rdddm C.Is. dz. <O\ Hdelg d dzj € Is b futs fif lsd®.
4' Cstef! C 56 5.
Ydzj dzd BtecOdz L Oy 2dseéts SR kjkk

Il f Imd 4 Odzd dzO C.Is. dz. HBYjjods CBB®Y BRI OYOdzdz

' (B! CBEB

10s) o1 1 [REE] G C. k. da Htsyjdzs COWjHted Jjdzj ¢
4 Cttefm! CBEts.

CAr1 sr{dBBd Istets C. sOfded MILjOdklg Hicd jdzj Slstest sflsC
' (B! CSET.

ydzj dzd dkOkZzSCtsetsets Ctsd3 Isjlsk

I sted e [ s YdzCdste o1 wdzmisi sk tiz'lsy dpszs W' g C GO0 G2 O dzO

VLSO dad
[dzj COdauwt 1 sk jfnst) Oy’ @ dog 2 ff dilg JesUO ©s | G tate © O &0
vjtd [Byrys{ ey jmets) WhE =B sy € i@ 5420

bmwu1r¢tr1$1

=
5

mestlozgsp&mmmwm&pmcb@mg¢$mssg&@n

Jdzj dz@t RY [ 8 HtsyJ dzls sl Wdgic e WS s te iy € ts@ 'tsdz0

[ deaOudaty 4] | ftosWjMstl ' dedzd ¢aOyd Is dz6 gzk defflRddzde? tafifdidsq” IsdzO

Jdzj e 2 HiYj dals stej 3 dzgutlz@ ¢ 6 2@ dz' dzg & ffgfflskf AsO 2 zO

Icff1trrde?sRrRHE I Mstcts @ tc OHMs @ sdz@s

[ ¢ moldgal s ftosW j Mt s Wdie e ¢ 5te iy Cis@ 5020

ANcOdz] MEBO[ 1 o JtesW j Mstvds o tdff) doljfipledizy dtic’'e j Gtcd j 6 W

Jd11dvv

Hjtedu2 wy flesW j Mt 1 Oy tdzOgtedsd Is xRl vedgdt2 g .Is|j .5 € s !
cMmd wE IO’ dzO

djteqg A RIS ftosW jMts] Wwduc W stc My € 5@ 5dz20

[ddedfmtrloclrsd HBYJ dzls s Wwdc e W st iy & 5@ '5dz0

l Odzjtef s [ ftosW j Mt s Wdie e ¢ 5te iy € is@ 5dz0

¢ dzH ter' 1 s un OCOHj i3 (wdeMmls §f el &is tc ts H dddp® €3t © of Gztf O ° dzO

dtelslpt) [t [r[r A? MisOLh 2 wdzhlsd G & 6 drdaizts's j b HSds O 8zt O dzO

Htsfpdz' H dac

ISt vl s s jisty Oy’ td@d" @l ¢dal  wifddsq’ lsdz0

1" Clstpts [ v ftesW jmMst | Oy’ d@dz ded 2ef) dslici dnfiztdedite thH € Sted fr
LS tLOL 2 P dzO

[ qroXxdaytuds ftos¥ j st wdhisdisc d /K dH § osdizH 59 O

Iwyg fredfdoed t fesWjmst] ' dzded wizaONd s dz® gzh dalagddzde? tafifdidsqy’ IsdzO

glsj fsudg t ¢ l]’tgtsWJfr]tstwdzfr]lsnfBIdetsadg“daJGﬂizm BWwEds OO0 Cztf O dzO

JaZjSMPdeAaB L (15 JesW Mt s mOs ™ §igdl 3 - dizimdfosdzids@’, dzO

ljlsfersr1 s fosWjmetl’ dadzd WOy Is dz@ gz defRpdzde?) @ifFdusy” IsdzO

1§ tofizls fesW¥ j Mstuvdz o j tdffdolsjipdzclzty detis’e j Gtcd j 6 W

] sdztsH d dydwg 1 [ ] fosWjMmMsts] wWwduc W s5tc My € ts@ 5020

St RO d ws o fosW Mt Oy' sd@de daf?f cf sl & OG0 Gzic © O &zO

V1 ilsisfs| zs (! lthtSWJﬁ]istﬂszlstGC&cﬁitG(ﬁlS ogap W ds2dz6 gzk deftAgdzdelj te fn d
VLEO dzO

| sdztsH d dgdtg | fesynsts] WEIC S 6y € e 5020

[JROXdg [ O ftosW j Moty Oy’ sd@dz ded EfMdlej lh Gzt B B Cztc © O &zO

J dzjuwewy Yy u s ftotsW j Mst sted o StcdzOYS 2@ dz dzg Bfifdtds)’ IsdzO

tdhowstrr [ A? fesW jMmtsty HOdhe &dRj s §lsksizisd 2 O

2


https://www.nas.gov.ua/UA/Org/Pages/default.aspx?OrgID=0000265

O dzOIstydg'ty ¢l #?s HisYyJ dzls s 1 Wwdgc e W s tc iy € ts@ 't5dzO
{dzj Chadzf HEYJ dels 1 Oy' de@diz’ deq 26 ) P jsleyf ‘Sid2' IsQ R Wigs @ 'OdzO
]l OHE@@s wy ftosW jMststedo stcdaOyS AR dZ dzg Bfifdids)’ lsdzO

O Htcsip@ Odz’ L © 5'd3? dxfptsde j toj dzy ™

1 Oy’ BdzOldzj dedz? wdia] D j et P lsdrd ™ o M € df2ls j - tztzig dzd B lsiz' we tsteV
' ¢ BtcBwidsdst teiztsc sL Bl @dz beladzats] dzP B P HBHdzlsz C O’ dzO, d3. 4% o, o
¢t M

C. B &z [(38@4%) 8D48514; i O pems.kpi.uag-mail: pems@kpi.ua



mailto:pems@kpi.ua

1 [ wy v

tdryrwfuwlsig fJrsvsuvdgf?21Tw [1rt4rvRrRYLW SMART GRI D dREUJ

tdr1tomor s voduvuvsrR \VRY?s[JuofrArIRrRMm 1rrtr] 1t 4w
I I A TR T U O X OO 11 ¥ PO PR PSRN 7
tdrydectrrrrr e rvipttinursgpw s fevw, JwryfIfriie vo ]
LI O S U = S o (O [ = S SO A 0 O = O 9
frofr JAuwr dSldéyvrc vYodwuvsrR (fJrsovtfed [rrIGr1iC 1or o1 L4
Cso V1o1(yYryv|luv2uec 1 tdrdertror el RMu b f L b L 1L
IMPROVING THE COMPETITIVE STRUCTURE OF THE DISTRICT HEATING MARKET THROUGH ENERGY
STORAGE DEVICES. ...t eeeeeeeeeee oo eeeeeee et e e e et e e e e e e s eee s e e e e e et e e e e et e e e e s e e ame s e e eee et e es e e eeeeeees s e eeeeeeseseeeeeeeeeeeeseanann 14
IRV oY1 C Vorwery Jeovw vl [ favdydrc rRUIllill I¢t
fTovrfouvrYy L 1L [ drefoloédrrve vt fofd fow  Job b oW,

ARat J1 o [frcf? [Awrsr wunlrebrEUBVvIwWwlrt Ry RBEURSR..

JefJ1 [ RIJuoovw (¢ wyfpfiwwy [SMARTY 1t R 10t dAwy 1[[[
O I = T 1 S 1 O PSP 25

tsd1v{fwyr ¢ (AL SURIL wauy? IRs[tREHUGL L C I 1eg RO WU RM

Jwrlttrl foeuvslom 1 vl flodm [1[[4(URY..1..J..Lu....1...5..u..u..¢.J...U.U...?..1...i...a.v..u1..28
sty Jlw trrerRIR Jr1UR[?2f) d1.RM..zsf. [.h s f.o Wl 30
SMART v m i [ {qww 1 Jelwsf 11w JriJL2r.RY.RMLLLRL W23 ?
{efasJRrRIJovsw T flrrrilc r1rt4i¢Ueru tfrsvtfevol Aws

BU QU T OF O WL LU LT dder oo RS Uit e e e e e e e e rme e e 36
Yidarevwsr o Jwryfuvflsod rrrtdidovrruft wl ¢0111RM tJ

1Yt fdloéorrrrvc RV IR (10T 40URY VLol fofun., 38
{Awr ST o1 cC twlic (AL SURIT feuvw Jlt11¢rrr11c st

tdryydrwfrurdod rrirtohwl s 1 vfflom Fdretrwy oA wy u b

L I S O (O S L € 2 ) T 1 O S PRSP PP PPPPPN 42
1Lo1vvusc It A[rdWBLRM CSIHUerJtdeRdISM)tHRIRJ Vit {Ar.2u451 ¢
f{rJRrRI[avw NASA POWER uv¢ OPEN METEO rj(; L O A 1 T T O 0 )

gf1CY1LRIR U Jwuvt [IRIR ([Jrsut {uuvdr.lwegf. Rl v.8f. 0.up.w...47
FLrel? JfluorE{O] 21 { W tiiivR [1[[{JH[IJwH1---I—--wr----ﬁ-i--l---l--¢-49wlH
Ttdavdrvddorvrve Jarwciwl el [rrilpuacd CurRyRURMN T reUL & wl

O T S (R 1 2 O - O O USSP 52
fdrefstioric svtuvsvuvtirfw vtorenftfoAww Ja06[r1v 01w

Trtwlr Y1 JLlvvd1d J..u.Lr...1..,[..]..;...[..1...1...(;. .............................................................................. 55
JYoRfuwuy oAwe 1 o R @ vrd odsvfufdléerric rfrsvtdrrretd

B T 0 W0 PR PP PPPPPPRP 58
ARAL JlJwydAwe 1 (10t 40 URYLRMHEHRBULLOM o, 60
lwrlrzr1i1¢c ltfruvsvrly {aouw dRUYU[ [ tretdacrorylr f4d I

VIt ol T wiricec T OP1RIR [ 101 4l s Lo R U eeee e 62
Fldrefw 1t favdrvliéorric 1ofJrzs I L1 L T evwfnu RMAG [ RYQT

[I[gu[iu[qnal,{[UU cs wiegvstofr1yo 10t 4b-sryGLde Lo LB 166 [ T
ARt suvfct1¢ (sd1v{fwsd S (1Lt d L URYLRE Frverrfn

tfrsvtfvtor el ftovu cs frfrrv duvwks.fow. Q-4 B REULL.R..69
rR1¢f wsd sl fdrtdlwrirfevuw tuy P Jwotrudr L1 L w w-

S LU HUT US A W .oid Do UL oWttt e e e e st e e s smmne s s s bbb e e e e e e nnneeas 73
glwos IR falwr Jt41o 1w ¢Awwy srtuvl o1 Go.sl- byt LR [
IR wt Ot mwu svULLR wp ALt foAwsy 4] s{f1]rsuu M

AL SAW T Ul O 1 C (10T 40 URYLRMEL L2, LB 78

tdrrwf 2: swovydwr w rrt4drAarsuvrIlw veemyffof oWy 0818 R ¢
tsdvdfwyr e fdrefaslovricec rtretiaddzarinRmrr whmyRrml r!rsv

O O O . ST TP URTTUPPPP
SUSTAINABLE DEVELOPMENT OF RENEWABLE ENERGY SOURCES AS A KEY TO STRENGTHENING

UKRAINE'S ENERGY INDEPENDENCE .........cocoouiuiiitceeeseeteseeeeesteeeseseseetevanssesesaesesessssasses s eenesssssenssasassesanssanansns 84
lwrlrzr11c trrtaderarsvrliIyfovw veuvdr 1 s gum{ | J

JRSIT REBUOL1LIC 107 T RZIBIUM ALY LRL o hedd Ui ee e 86
b1 ¢fJ wy Yowvfuvuvldr1c #UZOtsR 10 J1oyw vrtfferafr.wdd |
gyl w lwrmfrrR rf Jwrlrzrir1c rrcrtadrarsvrlilfuvuw



(O I T T (R 2 O = 0 O O O PR 92

prvofJwy el fefrwl lwrlrzpl1C Csdevuvw.pf.sUlRYL WY L9440 T
{1Jcr srRuev(f I stdzrr11Cc Csd{evuw (I(SUIRHJ-N--HH%W
GENERAL OVERVIEW OF CHALLENGES IN THE OPERATDN OF DC CONVERTERS IN INVERTERS OF

PHOTOVOLTAIC POWER PLANTS UNDER VARIABLE LOAD CONDITIONS.........ccoooiiiiiee s 98

wp st oAwe It fArvo dusestye L BELRM [ J{SUTRYLRM [Jrtr(r
wposrfrsovouvof?21v {44 srttvlorrcec vt 4dYyYJulsofr D wp kL. RAO0T U
{t1orwyrrRE ARS[ triswi ¢ cs of?vrt1ovrRI O [ C -.1.0.3102t 11
frovl{rryprw bwr mfrRr rd IRV OY[LLC trosvrlIV W }
tfrsvt JYt RIS LS 1oafa1rrRM 4t ¢vwl frtrrw Aprwvtof wy
sfdirvrsuauvw Vi LlrrrlC Elbdoddod U R D 103
IRt Jaruvlof?2 v RrRE w1 wltfzr1idw sfrevtuvshAwwy rfc 1R
vt érric torwfrfrsvtf11RrRM sdfrdrvrvvuwl VLR 11 RrRI W
(O I =TS T P T T VS 2 1t O s 1 U SRR 106
Aftfoloérric dridtor 4 rm vuvtosvut Jwst o4 d-#RrRud100
fl1rwsftrR1Y Ut RAGILRM Y{uvRtRIT LI wryiRrRm frtruer v
T O 2032 Y A O O O e O 3 0 PP PPPEPPRP 113
ltvrfrsvuvdgf 27w 1[rt4rvRrRY]1 W &RHU[.L.R..SMART..GR.I.D....116
gRHU[f R vy M wy L1 JaefJogrJlvvldr1c w t.f.dao. 1...,[...111180[
tdrr wf 3: mwf o] flwyr ¢ 1orwe wauv? U0 er\llIl
LV LT AT URAW B0 Ut Ll Uil eeee s 120
[J{rfRrRIJdosw yrJdwrrtwy rfc JJfw.r...sfwl.dpsuo....Lfw..120
Jwrvy {131 éf?2rw rrrtef o 1t 4wyl gefl RY J8w0U). . R.Y. WE....) 124
rdefwrrrrrc vestdfreterrdrm trqofcovftwl 1 wrRuu[f w
LT U 172N & O 127
JYuov RrRIJwydAwe vo rret4drarsuvrlIiweu? RS JRs[IRBUO
) I S I O e e T o TN O & BT O TR OO PP PPPPPPPPPRPRN 130
IT{rreloée wruvrf¢o olotwsr {4 oluvfrLfrvd1d r1rt1i11¢3ér1
swiyrvRrRYyprw Y osf{IRrRYUldYw rrrtdwwy cs frulr trdauvfdldrnc
L - (Y = U O S s - S = 0 S U 135
of 1t ruUf (L1 Juor s{farw [l d 1w wrev IR [V O L21 G- (187 [ |
sttuvldéric trosvrRIVLID I durfionsfvl w suurt/\unRYlitu i
Jwit il RYJY14 010 dvyvuvlof 2104 d Awp it RELBULD 139

wpsrfrsvoof?21 ¢ wrevrf o trqufoleri@ftCcvrRIwl ([ f5.141f u
ELECTROMECHANICAL EQUIPMENT AUTOMATED PLASTIC WASTE SORTING SYSTEM AND

TECHNOLOGY FOR THEIRDISPOSAL ... .tiiiiteititeittt ettt sttt ettt ettt smeeteeasbeesabeesabeesheeessbeane e sbeeebeeabeesneeannean 143
trsvlrtdAwe (r1rt1wy Jwl i dAwsBr rm Lo oy vdr 1.2 ] U450 ¢

J1Jcr duvydeg 1 rRm I fr1rdrm symy 1w 1 [a.01.4.0.0RALLU480 ¢
CAPACITY PRICING PROMOTES THE COORDINATED DEVELOPMENT OF WIND, SOLAR, FIRE, AND

ENERGY STORAGE ... ..ttt ite ettt ettt ettt eamee s bt e e e h bt e e 4ok b et e 42k s eeamt e e 1h b e e e ok be e e aabae e e enbnanbeeeebbeeesanbeeesbbeeene 152
JJovrp1Awdf JTrsftrRuevd11c ¥ JLJ1ousf.lrm. dowpomfop. 154
Yo vl drruwcod F{rwuftRrR1 Y trrrRiV (Jrsut {1awdf P RrRRIM 1 1700 -

J P20 Wl g-P B R 87 S L 1L 4t LB Uit rmee e 157
tJrsuvtfdwrtodfwyyrre yrrrtovft wflof2ewl r1/[cC 1w1r591Rz
{Awrsd (AarsvRrRIV 8w JTRrOfr11c rwlisseryu JU”[“161 !
tdrtdsJrrrc wRrRev(fR oOrodlvodAwwy Jwitlsl{lzéd rfc tus

sfrewle?s 1L sodt 6 tuv V[ tDLLRMLS LI PSR L 164
Jwrgfdovflsd AdMI T RML L L Lode e 166
tfrsvtdfrmorwyrp Jaforvorric vo oluvffovry L] o] AHr wRlau

Jwi {Jwyov JufflrRm w 11]LU[URI[11.1RM ..... Lope s fo e W 168
APPLICATION OF HYDROGEN FUEL IN AUTOMOTIVE ENERGY MANAGEMENT: MATERIAL IMPAQ,

ENVIRONMENTAL BENEFITS, AND SAFETY CONSIDERATIONS .....cootiiiiiiiie ittt 171
semiJSJ L wwy 10 Jerd] w bl d Lo b Lo 174
wirRLYWERLL o dlulfouvrRyoAwe (Jrsuvtformiwyy L4 f{%“

JAwyrsd rrrt4rovrY L1 YJovrrAwofuv JuftrRi1udw sRrRU[1RY
(1LRMm zR1 v¢ Jwrmfrwl méty I fw It ffref 1 Joow) 1]¢C
L T S P T 0 T PSPPI 180

{erflrw 1ot ofruvtrR Jrsvfiuwrtolfwyrfw wilovf?2e1fw #R
5

C
— N



R
td1fovry {1 o1 ¢ wvruevtHEdwWwy J [r1d vo 1t flsvrR 1031 0)IsR

{tArSsSuRrRI ywau? of 1 friv1rcec JuvgJresruef 1L 1¢7)v.u.lwp A8 vt
Covourmn (t4drArsuvrll w s my L1 wy lrtertdasner lTuvlt
O O O L T T T o & T T T O S = 50 SRR 191
tdryr@af 1 ouvsflw rfefwrrri1ic JLFE RN LY LR Mo 194
1rfwwsyw Yt [Arer 1 wrRuuvrf Om pofofesutlfd fovoidyedy.6.. 194
gRIVOvUt O rlLAady 1 RrRMm 12l drerRMm LI wl eIt ULR

tdf?Ldw ffrefw vlitolfwre fwstdfrteordfrR [ f.14.0.488Y | F
JYTuoRrRIfuy ¢oAwe I o f ruwdy sy g wrw Sy fw L tuvIrR 1[JCc lwrlrzyg
AL SuURrRI Voo w VY[ @ [ Wy G de Sl L L 201
guoy oy w [ frwusftrRILSIw yomfrrruredrdrtadradgre 1 [ o
U 08 UL RY U d W ool Looede e MU cee ettt e e sttt e e e et e e e s emmn e s e e e e e e e nnnee 204
r1e

Fdrel sl oéon t4del frrRIGr1Cc wLUYOEL [UW UATmt?lwmtsuww
(1 1

we f R twrlrzric tvctadrarsur g w

FLrelstiéerc Vso11 Rkl frriEd11C JoLdoufslotuvri LU
IrRsftRrRuoevor 1 Ccf wlrAwofwy f1orrm 11 LgtodfrRm At Lo 08.0.wl.209
{d4fcr Ytl4atof lwruovtrf{sm sfMiuppemriwzr1r? 1 10t
(A S O A T - T e~ & 1 PSPPSR 212
NET METERI NG: z[fcm 1d (ArsuvRAUCGUMUL tulgtod. Jefduirl.G....ooonn 215
guyoul w oulrsuvrR tfr1JRUusLV w I¥Itfloérrrrrc wiuvrfrsuvvudg
SIMART GRID... . ctiiiiie ettt eetee ettt e e e e ettt e e e e s smeee s et b beeeee e e st be et e e e e s smeee s st beeeeeeeaasbeeeaeeesamnnesastbeeeaeeeansbbeeeeeesamnnesnnseees 218
{efiRIJueovw M WHuvr L1 Jar7tvrwvovloérrc frtrorrdfw s
L= I T ol 2 T O T = PO (R = 2 & 0 e O SO 1 0 1 USSR 220
IYt flodrrp1r1c uvo lrtewdlrsurRIR (tJ1JRrRUsU w1l odAwBL RM
B T 0 T U TP SO PPTOPPPPRPN 222
Lwirtrrir rtfrsvtdrdasprteyerrre Yt dfRrRef LI RMm JU0O| sUwl
L I N O P PP P PP PPR ORI 224
101 YoJ 2?1 rRE 1ovuv ol s ELEd4 TRYKA rfic 19Juvyrirc
tfrsuvtrYLdW (10t 4wwy rd vltddfowy.G-d RO L 226
vfdzvuvl oy c wRuev[fR [JrsuvtfIfuuvdydawlc Mo tHPNTWRBUR
B U VU [ O N PP PPRRRP 228
tfrsvtflIfewvovornc Vi lfraf L1 L0 lwrltrlfould 1wy
O TS T A A S T O OO OO OO RPT PP 230
Lofuryrdw JefafRrRIJeovw JTwrlrzpi1c o rrrt4drarsvrlil fa
Ut 8 [ SURI R b Ly R S et e e e 232
IrRs{trRevoI1IC fozrR1LVILL volyodrrc rfc ¥Ptdarvdrvidrrc
1¢ lwrltitrlfaouvlom v Yrtot Loaford 6o dod ol 234
Aftfuvlérric JlurfO[? VW ot dvrLwwy rrrt4d1o401 1 Y2860 1 C
lwrlrzric (vetidrarsyoriRrfduwl 1w4t¢t11w Lofvyw
[l tdwrrdatdoAwsyr rm 1t L AWl Lo DS Pl W 240
¢1¢I wy JfrfrRIfovw ITrRs{trReyIVUCOAUWuY g Iwrltrl[fwuy
1ofJovqyw 1 offloém Jwecl T rRm Jwrs[ dYy 2 fofob-sudodob e bed w242
11[ HUOUYPHLI RM "HREBU[ L 1wt wug.... 0 fSU el 245
lHlJIRJIHUw tdrvozuvlorrc AfuvfrfrsvtrRYyyrRm [ lru] wl
F Wl CL AW 1 08 817 Lol 25 0l A UL et e e rmnee st e e e e e s s st e e e e e s smnnesnnneees 247
{TorRfuwuy ¢oAwe 1vorwey Jevw [Jrsuvtflfeddupwdd rme Juidd sy
tJrfrre PfJworsr prrtddrarsvriyfeovw véd rafbodddd b 249010
lrtelprsurlo IrRsf{tRrREUOLLC zovovy f4{ wpsrfrsuvu
trrtadrarsvrlIy{oovw e CcYl RMLSLS UL Lo 00 AW, 250
{vddJrivce sfoerAwsdoAww el [rRrRIGYwl . pfopsul R LW 02520 {



tdrrwpn srfrsvsuvédf?rw r1rtdrvRrRYL w SMAF
HRHU[JR Ud (10T LCUVRYLRE [frrrrrfrn

UDC 621.311.29
] [. I“J NawzslsCj 7 dz. dBREID Q000JOROR §366, 3553
Wl . | E’zdE ts ) 5 dz.  dzOkC @RE NP 00000008 ZBEBBBED dzls § O,
I . [ . % d@ffROREIOaPE30007.02119100
U deded y! $d2 Oy tsdzOdzr dzd 2 s -
2wdzmiso Sz lgts o dzs 9 Odets®™  j dzj 6@ j

tdrtomorfs vyovusr 1RY?sJIoLfACIRM 1
g} [ rRrRI ¢y w zfecm rd rersotafrw
1 tsdz sdS O HjCOtBtsdz L OY" ‘ de*futsaq’d:s J dzj
L3 detss Cdz' 3Ok Ld3gd dgh jdedzw o5 o dSdH " @ 0O
Lded ¥ 4 dedzv o ¢ tsted M dedz? IsOCdr okcdzj yjodnr HYJ
dzO dats oHdz® & O dz' dz' HY jtoj dzO j dzj tog ' E efm" " MM
"dgo jMMIsdy' 2 & Hdztso dz¢ 9 Odz! dzlz jdzgj G jIsdSlz L OMiIstst
fsmtsHY J dadav ( arantees of Origin), C(tdsttOCl
Agreeme nt s ) , Hjwe: CteO® dzd L Of tetso OH ¥lAs ds" Is zeo dD@AqlzEE
(Labelling and Reporting System) IO "“dz. Aj H
J &
H

Is ©

Is ©
A
dz
a

O

fpdz" v ftotsH | s dzmistclzeo Olsd M sy do OyoOdg,d ¢ sted fiy 1§ @atzd
dzd L ' @Wageyld @ d ~ N A wd dz()ldef ted2O U d dgdzy f S- SHY J dedz? | dz
9 ' HfMlsjyjdedzw f jtejlstsC' @ OCIlsdoades’ IsO toj OCIsdo dats’
SO MftsydoOyod (o btz ydmd OClkdodesets) HdzW HBT
s€' dz2 € oadbtOlsd dO jSMf dzZEOlOy' ¥, od¢ tstedfmlsOdzde
tetsL f sH ' dzj dz dzOdzj » dzd &3 yd dzts d3. O dzOdz' L hdgH Kz} tcOls Iz

odL dzOY dzdg? YRt HY jdedzy | dzj Slstetsy dzj o'~ By kls!
w e 2y e qigakzOH, odSttedMlsOdd? Hdw Mmlsotstkjddz® El ec
fslssC o Bhds ftojHisOodjds J1' OdjC td, we faj &sC

dz' dz' 2 ded Rl tg' 8 dgf @M Ofdzj dz' dets s ' toh jdesdy W ¢ OdzTdz' Isd yc¢
"IsjteOyY 2ded?2 ' HR" H 2L [t@®Rokzds Oz df 'cdeOWj eod A M~ j
Odze stedlsdzsd tetsL teORbkzdeCk f jtojlstsC ' 8 fYslskzydtsils' ,
f tod ' H dzOdz o' Ldetslsdf dagdr L sjtejHy jdedn HYJ ] dz
mBdzy' 2, oy ddz tcsB S

— oo wosmenp ) L Oz N d 15 9" H f 5SG5H
e [ e } { Mdzts o dz’ dzj Hisdz' € d |
T T BjIstsH " 9 odL dZOLLJ dzdz" 1

jdzi Slstetsj dzj to T BBy dzO
w g U'BQOLOdzls 420 tedfm. 1.
dzj SBR' Hdz Mls ZH s
" Mmdzlz s ydna d34LsISH‘ 9, ts
sedzvHE dO bkjipOodrtz o
o dtsBded & d nsylkzls: L d

CKNAHICTb
BEPMOIKALIT
[AHVIX

HEAONIKA

METOAIB s
BW3HAYEHHSA HECTABLIbHICTb ;
TEHEPYBAHHS "
MOXOAXKEHHSA M

ENEKTPOEHEPTTI

YOS b jdzj Clstets j dzj 16

ARMIHICTPATVHI v C:H:” sls te q d3|z B |s! 9" H 1 ] |

BUTPATH . R H tsfr] oz' H | J dZdZW ¢ ) q' L dzO-q

BaDTICTS enekrpoeHeDril AT CHoX/MBaUE, J dZJ CIste ISJ dZJ ca' 5|

HEBIAMNOBIAHICTb ( V BI3HUX KDAIHAX MOXVTE AISTU DIZHI CTAHAADTH \ fr] U IS )1 d 9 o -I'lJ' CB 9 l H dzd L 1 g

tdfEdgg Hbd ¢d d34lstSH‘zH>thGsz Jdjtee' = Hawv f
ftsatsHY j dzdzv  j dzj Slstotsj f sAtsHY j dadav h ts

o d totsB dzd C Gl do dffidAsmClz €
.



L L jdzj deddz 3Ot S zo Odzdzy 3.
[ Olj BOIsd YydzO BisH jsag

dzts ® O @dize s g @ f5 BC

mMfsydeaOyod, wWe¢O LOBJLYjykz' s Mw L ddL ' SS9 kzcdzjy,
z 3][. ) BBJ stss Hisfpdz' H Y J dadzv  dstsidizdzd o dsdius dz0 . jOlfpplisvts Mtz ts
Jdzj SIstetsj dzj oG ' = dadin{ oo dR) Welj'edm ~j dzj to G © Is © '
JWiGlsde detsfls Hdzw €' dzr yj o dEIsiEy] tojpL dicts oLlzdzdds taigOfizs L
sO 8 okL dzOr wWEts’ 9 Mls O dzts off digjlsdiziyisdgt sk B j dzd $Slis tdsdOy d2 (
' Hf o ' gidakIstctsdz! dzd? totsL tcOREzdzsC EMlsOdzj detsects toj
ftesdtcOdd PoweirjFlalxdz'olsGls 1l Ste L. tcOR 2 dzC 2 f tsR tsH Y j dadaw
H dzw 5 s© tPtedeolgHde'dad ) sOB dz. 1. v 0¢C ,sliztg dzs O,
L tcOnkdzE sodd3 hdzwatsda MY al]’OHOBlBo\NerFactory@ISStGOIsOdz,
f " Hlse jtoHy k' Issydz Mis' . LOf ot sdetso Odese s d3j IstsH Iz
U OB dzd Wytstel o dgW dz! dzd? OdgOdz' L tejL kzdz sOIs' 8 tetsL t6C
lTEeL g ] 2Lt 1 Istc Ol 1 IstcOls
- 6 8 OCIsde OC¢Isd 9 g
g/ y| L6 ted “;”Sdz “;Ltsdz flizyd ik d
Al &1 A 8,2 oPer, [ ]l dPesie
(1| [l
I " v w3 el ] H BQ,el |
1 (40%) (0,34%) 151
(7 @ 4 5 1w 114651191 " H A2y B 15,11 '
(60 % (8,8%)
1l " H 171]98,66%
‘ Il " H wQ,a07
1w e |k (0'355,/0)
2 ] ,78|_;5%1 14 ¢ I H AR 73
1l¢sH 13 18 0.86f I Is /\’[ '15 (9386J 7,28
(21,5%) ( (1311/0)
] H 17199,65%
I " H uQ,40 7
I H b ,el (0,46%)
3 (77,5%) 1 H hip287
(13 15 20 |1 w ylePfllY [l @7 12,37 12,3
(22,5 % Al ai28, 15 |
(54,3%)
]l H 171199,54%
1w wxoaf I lg ”(Ogg/fo)"*og
4 2 2,5 (40%) 1w AT [1,68 15,64 15,57
(19¢ B H I H il rg (1 (5,6
4,59 1 Is60%) L h 11199.7%
s dmMsC odSttedMmlsOdzgdr HY j 6] dz

jdzj Cltesmt

1. Bialek J. Tracing the Flow of ElectricityfEE Proc-Gener. Transm. Distriivol. 143, No
4, July pp. 31320.

2. Kirschen D., Allan R., Strbac G. Contributions of individual generators to loads and
flows. |IEEE Transactions on Power System$olume. 12, pp. 550, Feb. 1997.
doi:10.1109/59.574923.

.w. | kzdz €5,
9 ' H lIrr 9
dz' 9 jtemdIsy skz.

Al Olsj BOIsdydz® BsHjdz2 odL dzoquzdzw
ddzj Clstetsj dzgj oG § Isd yda' 2 mMdMmilsj d&3' 0 ]
gjte'" wW: vJjndz Yid234dzOmSide,f jeadd f .2 0R A


https://keprofesianhmeitb.wordpress.com/wp-content/uploads/2009/07/getpdf4.pdf

ur s 621. 311
1 OMmsCyuaL suws. 1 o1 v SO dad,
1oL "9 | . uU.
wdzmisdlskzls Is§ ndzg" ydets'™ Isj ff dzts¥'
okdz. 1 EdZzZORtso Mm! € G 1s,

tdryderteorrr1r ¢ v risfrrtaRs o wes { 8o W,

lwriJJ1Jr11c¢c v t{17JrRUusv v Jweue?s/[]
lwaefcl{l11RrRE FIrTWrIR

] HBfteo' ' H' dOojHjds tjlstesmyjSilsdeodzd? OdzOd
jdzjtecjlsdydzds fMbsteOlsjae' 2, dz0o j H | dets  SA&EEA H ' 1S 5 d
fetsc dasL ko Odede 5 5L odlsCl jdgj G ilsdCd. 1 jHMisOo
tetsL f SH ' dzj des’ (L fMjtejHyjdts’ ) IsjfdtsjdjSistesejd
ftesfsLdy’ ' hMtsHts " Hodh jdedgw Jdzgjteetsi Wi Clsifsdesmlis’
o' Hftso ' HOSB Is! OS¢ so sz dzOf oW gz ¢ W 2z dzH O dzj dzls O dz-
LOoHOdzdz" 3 ftetsj Clskz ¢ Oy' sdzOdz ded?2 § 2O®OL tojedzjpts ¢ |

LEtO dzOGR HWEESCI 00 mm Mlstsdz slsw BOZO ttsL-9 d dzj da

ndz' ydsedglzdsy S das dzts e " ydzd i3 §f slsj dzy” Odzsdz, wWEd2 Btso
1 LHSBEISISWd3 dzj L Odzy 3 detsfyls”’ fjtejH ULVCtO’ datss i
flsteOlsje' ¢ twisLodlClk jdjtwcjlsdsd. 4 tdsedtss y' d
totsL totsB dz¥ 9 Odzts "0 (gl tzOI5jjdBj'tce jisHIC d Htseddzj dz Bkze BE
Mdtetse d dzdzts 6 5 HtS -tgtelz] todzldsty sV Q ditisafte dztdctsL o dIsC Iz 1 s
GjLbd kOIk' 96 WhkdHO®) dZsOcdz' et 8O0 (todC &zOHded
My’ Qd¢' s iz’ ydzd »  dzOE ¢, odztdscys] L iz dzjsdztp’ O deizelztsio O g 't
Isj ndz' ydzd d3d-Islp © detr@ris € S o dzd B3 L tetsB SO . 1 MJ yd
kO Lsod "z = wdLdS ' &= kO odScddS ' o woLogdlChk ¢
jCodsjdf €sc' v O odMmsSdr Isjdd@dze. LitdasliyEs Offadaf 2 dauC
tjGlkdssedd? HECkdjdls o, " odLdOYOs k! b
LSO’ dzgd L toj Odz' L O Redets dizf & 'C dzd Oz st tisd o' © z
jdzj e jlsdudzsct Sdfdj Sk L OCIlsdo dsy W @ @M “o b
jdzjtcejlsdsS 9@ vStO’ dad:

S dzjtecilbdUdO (e R@BD de@s.f jte' 5H 1996

(it jdydO0 MOS0V wde® f jto' sH 2006

- [ daso dzj dzs jdzj e jlsdydze -BBROSEE 5 @O §jt' SH

1 BE00 [dajecjlsdudz® MEBBBEj Y dzO fjt6' ®H 20

S ditc i BEQ@EO ¢ v QOGP AWPR  cwdW CH
o dCttedflOdadz &) .

10y 5dz0dz dzd? §kOdz L jdzitecjlsdCd O Cdz BOIst

hO ftoscteOBO IsO Isted dzOMiskzy dz ddzi tec j Isdy
OyJ de'tc’ HAfifgalZ0 tzj] HEBMWEOZO ftotscdztL 59 Odzd .
d¢'o. 14 dO ftesdk yddrs yYyOMseadnm ' dzlsj teo C
& MtOlje' ™ §' fdv 1996 tsClk koo Ods o Odz
Zz'LOy' ' v Y dijAjs@GMisQaaddz’ [ dzj 6 Isdydets’
t35)(1glEkO S jHEs 0d0 Gsh' 2 C58 0t
Odzelzy hEZCOIsd ftedydded ¢lOSCB’ 6 Odz' L Oy' &
SHOR O ' dzfls tizkoQjdEds' Q tc 'z e Ofotets dtigidyL h dzv R Ok s O
Mtsy-j Qdz'daiztsls’ ydz' 2 SO c¢jtsftsd Isdyds 2 skzteB iz dzj dz
j Ctsdetsdy” ydz' 2 CtedL " ? ¢éBts E fHteddeydtitse ' 2 dzj dztsy dzc
"HHOdz] des sz yOMmtsoatsdzz ' dalsj tco Odz' ) ?
9



1 OL d®y Jdzj § jtoj HBOYlzo Odz" Mis! L 3" dedetsmls® j dzj teG §
b dzj HEso ' bk HE GSLEsBBC jdj 66 Isdyudeds MistcOl
deOdzO k jdzj tec j Isd ydissj 7 dz'j § detelzts df wmsasO H fig'OS EHADU S
‘dz' Mls! HtocetMistesCtsod? HtesedsL, wLodlsSl
t

r‘?rE\’r

CEGES At
ﬁ- _Q-noo

Glzo Ols(d, MkftcscoHY kOO IO 9' HMMIsj ko Ols(d
P c dzsL OBJ 0 dz0  stc’ o dgW dets ¢ HbWds? d dcs§OMBa d
Oljte' Ozpdz 1dQ" WdkOdz L Jjdzjteejlsdscd O ¢ dz' d3
O teSLEdYWHOId w¢ thdtseskz cHBttsesoa COLEZe dzO o
B delstsds, wWCd2 Mftew dkitso Oded?2 dz0@ kL etsHY j dedzy
LY Juj dzdzd d g Ddzis©Ots st BIdzts o dzj dzdzy  j S sdesd3” & L §
so u‘dz‘ 030 ts. |, dzOW 9 dz' sO L Of dzOdztso G
Ok, wg¢° WLOdz' L ' wis! BO odd3 OB [ da
J y' W ( totgLteoj oiis t§Sdzj ot GH dztg o dz¥ 9 O dzd n
dzJ do dz' Mmis:

dZJtGG'JlSCf 2ZO BjLYjCO

dzj e jIsdyded?2 toddetsS (Jjdzj Sltetsj dzj o™ W)
dZJtGG'JlSC[l{dZdQ teddes¢ (eOL)
O] L
dz

d

NI g ST o
N &

<N <Nolriv
L v I 4

y' sd0dz des sz f dzOdz jdzjtecikdsd kO ¢z
d2 Hdv fMkChikted i DSy 6y Ol Ok (28 B ol
CO, W MCkOHBD O cojddSts’ jdjtcjlsded
2 BOL', 'dGojfkdy' wn, kO Sfdssk W’

letstsG;dz;tGOu W [ HdzOS LPB®] (o2 B Odzizh !

xR Q—.

10



skdzd ¢ Je.l IsjAHlz. d2OES, fHW., 1td k¢ ¢.

I dedzd Yy S 2 dzOy' tsdzOdz dzd 2 Isj mdz Y«

I tedS  dz [. 1., SOdH. Isj

Tetra Tech, Il nc. jJhfg'Cdls (Jdedt3qG j o

fruofr JAw dSlé11¢c YodbsuvsrR [([Jrsutfuw)l [rR
1oro1vJ4d ¥ frRrRIGYS JTuwstffrterw, cs¢d 19¢

{
V tdyfectorcruRrRm o rortrforvrrt 4wy

I s flsOdzdz’ 5 YOMBSd o LCELO d2 ¢ Mkt Bl Dyt

Hdzw L OBJ LY jyd dedzg?" dzOH' 2 dzse s j dzj SIstesf tsfyls ©y O dzdz”
9" HGC dzs yj dz Jdzi Fscpip el d Ydts Csdistf OFC Is dats 8 Jc
ftodL dzOYJ des HdzvW EftcOo dz' dedg? totsL f sSH' dzj ded &3 J dz
9 ' Hdztso dzt § BgetzO H jlsig) Ic'c “fij &g 2w y dzlz , 9"  stcso kz OB 5 G
dzj © Hdzso dz¥ 9 Odgd B, IsOSCddBd W EC HI[ ] &tctzrdizgtcy bigls tc Ols
ftcOy® 90OIsd w¢ E Lo'wLCE L GMmdse dss jdzjteesmdmls,
MdkskzOy' 2 OB tH®B ' fjdded i dff slstcj B .

¢ o Is s dzts d3dzd 2 tejyddz tBtslsd B Ctosdjtej )" L O
H>|4tsjdzOd3q’ ddzj ' §(d40rdgiz)o Odztizts ff ddstegg B ydzscts B C
ste' dz sttt 2 ddf L o3 dzd dzO o Odzls Oy j dzalz H izt t5oz¢f © Odgtf 8  Is:
ddzjtwee" " (lrrp) wg' uOfnlsQBp@jnbLBOBLgﬂdjugxt@glsﬂslgilstQBﬂztsq{n
2 dstdso® tef L © SH W Is'o dHstic OUs®'ndz daO  fndz s Ief talt® jGdristalky gzl |
f Isd 3% La@fUs tc O Is zO0 j dfy &2¥s B s gf dejstsa s O dzdzw H Odzd f
totsL SHpj jedes 6 5 | dzj § lizte i tashiyl{@\OMpdelzy C s dzS toj s dzs e 5 MY ts
OCIkzOdz! dets® W'L OB®ONG EW L Odzdzy dstsy jJ OBz L b  § B 15 § 151 €
fslstsydedr totsLtsMmjtejHy jddr HYJtjdz fshikzClkz hd
e dd3 o d3tc® BidyHRY

[ i O to[BjsldswEs HOdSE s  HidsHde sy dijdidieH 2° tosL tcOR k
MCdzOHBsodr fjteils'" COdz JjdzjSlbtesjdzjtec’ ' HB fj o datsc
My 53 do Odzde” dff L tcis digj tzPO*

[Oljte" Oz * tojLbkzdz IsOIsd Htsfdz' HY j dadaw .

1 Odzj ) detsfyls tlsjzty jddis' idsO dz' & S tcj d3d - o f{rlgC OF o
dzj dz' dz' 2 dzd o3q , his EMSC &zOH dgs LOHOYk odtCtcj dzdzj o

fllstezS sktelzo Odzdz" o lsteOls Y slskzy z®H' W B [Jfdzj SBtctsf
9tOR ko Odzdzy 5 dzj dz' dz' 2 datsfyls ‘to,d s ts § dED Ot Ak jtclis' W5’ ditsdzlO'c
L ftsH dz f jtejls’ $Ode ftslskydatsfls® & o  IsSOR MR
fted' HdaOMedz G dzv ' (1) :

A=UMgCy e L (1)
HiUTtcOdet sdzso Odzd 2 o j Clstste dzOf tokz GM i deCids tatf@fw , 0 Chli
B fMisdls! WYtkOcdjdls BOItedy' LO6' HdzOdz , jidej GHdA OB
odL dzOYj dedz? MC ZOHBoadnm fjtojlsS Ode  WEH s gz da®' c
H' OcdzOdz! dz0 BOted yv dzQf BlEG, T 22 odzj -G ts Of taidtt O ciz®)jda
ROtedy® Ctj¥ "  y' ‘dzs' o tesLftH' &z Mistelzd oo U Usdzo
fted’ H dzOm™zde”

tGHJZ M (Q,YHJ} , (2)
Mgy, Yeu T WtcOG &) dalsd IstcOdeilf tsdetso Odats’ BOlted y" L

(@)

11



ftoseo HdzgsMisj2 Mmajdd [, wer otT W Yz oH 'HED tdsdzO d IriaC
BOIsted yv Sl dzj ¢ mded tsl]’tste 9 9 ' Iss¢ Mrjdd jdzj € Ist
rdzv odL dzOyj dedzvtg ffy tzjlo” Ss® O Mraj B Bsy dzO L Of o
SewFAdiag(S ) (3)
HiSS,iojClste fjtojls' COde fslskzydetsls' & o' sCOF Ma
ftod  HAaOUSR i WtcOG di3j dals o j Cltstolz df sCstizts) gty '@ * o if s dz”
okL zOd3 f tgd [ H dzO dzadz™

1o O b o OLzdY REBEY 20 L Of i Ols df L szPw@ daflzvH 58 MW ¢ o
fsCtedislsw dzOo Odzls @ s )s dzdptizf fpfstsy @ O YO

StnEMS (4)
,[Olstcoﬁgﬁf?%(b‘ tetsL 3" todz” Mls: LO C i € BB L OO ¢
C'dzr €' Ml oakzLdz' @98 MAjdid. IdO0 oad3 "k BMWceEd &C
Mfsydo Oy o Jjdal teql (22 taj yeddiy dzQijdaedcrO dz' L 59 Qudzs e ts
[ 1] sOC ) OB totgtfetOdztefo HdzvW o dL dzOyj dedz?r ( jtejls® € Od
LsCtehjdisd f " HiMlsOdzy' ° Hts wWCts’' " HCdz¥ yj des o3 Ctetsdzy

I dzv o d L ugOfls Szdzw M {f iy ColsQatiaig@iB jQaips c'ts MY sy o Oyo d3" ¢
LOBj LY jykz® s+ mw L totsL s to jda¢ ) Jdsdzdnd Hsits] & dzg 2zj td
fJjt]ls'LOOds OMtidragdd Management SysteniMGMS) - cd flsdj zhdf tc © 9 dz' dadzv
G S IR L i3 d iy dhkz Jdzj Cbtedudedn B 6]
BOItedtussj W' y' “ dzs' 9 totsL f sH' dzz | § i3l HZONEK) dedgdzlr €3s izisdztom |
LOdzj ¥ Ols 9 ' H WwOfttkzecd E obkL &zOn. lted vy sz, )
fitejls' COdz o6€lskbdzesysiyv " ¥ Asd3 oW BSE tesL teOR 2 dz
odSstcd MEOUAdzaf Wzgdzd = H Oded 7 f tots dzO HAR tSHHYPGJ teldivL toj Ol jiztaizts

94dHJls! Mw L odStstedmlsOdzdzy d3 * deW tstc g@aj 'tc'c ' ff to t§ {f tistisldzts) &
silsted B3O dzts L MGMS.{ Ys@itslss tisls © fjtcj tcOn Ka Daz)oedels ' O
~nOtcOCIsjtclz SO hodHS M| daj dp'zdeP dai®a Odzls Oy j dzdzv s O

l dimdzes g O tesf sdF @t o L dzOYJ dedg?y  yOMisSd Jtej
fidodzsets okzL dzO dzOo Odze ©N 15 fafiae H e Y jodedipic] b’ dLstdrdsds | to j
[ dzv o tcOrlzo Odzdzy dzj dz' dz' 2 detsfyls” mt * odp 'CHousB$ @AEdFY
fslsky dslswdd ' 7 ¢ jdzgjtclzo Odadz?y yd dzOoe Odzls Oy j dzdgv
EMmMlsOdzj dedr iy dd3 o. | dzv sy’ dg¥ 9 Odzdz? tBMWGE' 8 {5
tetsL sfj te iy jedpdfle j dzj e W odCtstedMmMissobksIls! Mv tojL zd
f stsmis' HtS okL d&zO 2tets ftod HAdgOdzgdz?" L O H Y J to] dzC
Blzlsd ' dzfistictizidig @Estenly | 3 dzts s MisydoaOyo o ' BO tesL s
HsLotsdzw' CtstcdelkzoOlsd odlstcOlsd dzO jdzj tec' 8,  jtcj
B ) On BHCEERI 6]

sf dMs¢ odCtcedMmlsOded s HY J o] dz:

1. P. Legniuk, V. Kulyk, Y. Malogulko, O. Burykin, and A. Sytnyk, "Method of estimating
the share of electricity consumption of a given consumer, which is provided from renewable
energy sources," in 2022 |IEEE 8ifternational Conference on Energy Smart Systems (ESS 2022)
- Proceedings, 2022, pp.1838.

2. S. E. Eyimaya and N. Altin, "Review of Energy Management Systems in Microgrids,"
Applied Sciences, vol. 14, no. 3, p. 1249, 2024. Availditles://doi.org/10.3390/app14031249

References:
1. P. Legniuk, V. Kulyk, Y. Malogulko, O. Burykin, and A. Sytnyk, "Method of
estimating the share of electricity consumption of a given consumer, which is provided from

12


https://doi.org/10.3390/app14031249

renewable energy sources,” in 2022 IEEE 8th International Conference on Energy Smians Syste
(ESS 2022} Proceedings, 2022, pp.1838.

2. S. E. Eyimaya and N. Altin, "Review of Energy Management Systems in Microgrids,"
Applied Sciences, vol. 14, no. 3, p. 1249, 2024. Available: https://doi.org/10.3390/app14031249.

13



vur s 082
D.S. Karpenko, #and of Tech Sciences, Research
Officer
T.0. Yevtukhova, g#and of Tech Sciences,Associate
Professor Senior Research Officer
0O.V. Novoseltsey Dr. of Tech Sciences, Corresponding
Member of the National Academy of Sciences of Ukraine,
Department Head
V.0O. Khodakivskyi, Ph.D. student
General Energyinstitute of the National Academy of
Sciences of Ukraine

IMPROVING THE COMPETITIVE STRUCTURE OF THE DISTRICT
HEATING MARKET THROUGH ENERGY STORAGE DEVICES

The ongoing evolution of energy systems worldwide is driven by the imperative to enhance efficiency, minimize
environmental impacts, and integrate a greater proportion of renewable energy sources into existing
infrastructures. This transformation is pautarly relevant to district heating systems (DHSs), which are crucial
components of urban energy distribution networks. DHSs stand poised for significant modernization reforms,
especially under competitive market conditions where the integration of estergge devices (ESD) emerges

as a critical enabler [1]. The drive for such modernization stems from an urgent need to address the challenges
posed by the growing share of intermittent renewable energy sources (RES) like wind and solar povireg[2, 3].
lillustrates the trend in the increasing share of renewable energy sourcekumdpean Union [4].

15
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Year
Figure 1 - Share of energy from renewable sources (European Ur2@ncountries)

The modernization of structural schemes in DHSs through the incorporatie8fs a pivotal aspect of
current research focused on transforming urban energy systems to meet the demands of a sustainable future. This
integration promises not only to enhance operational efficiency and reduce emissions but also to redefine service
delivery frameworks in competitive environments, aligning local urban systems with broader global efforts towards
renewable and resilient energy infrastructures. This research aims to significantly contribute to the development of
modern DHS structures, leveragistorage technologies to foster innovative solutions for sustainable urban energy
managementd, 13.

The purpose of this researchis to improve the competitive structure of the district heating market through
energy storage deviceBo achieve this goathe following tasks must be completed:

1. Conduct a literature review on the application&8Dsto identify the most effective technologies for
integration intaADHSs

2. Proposeupgradedstructuralschemeof interaction among entitieis the competitiveDHS using energy
storage

1. Modernization of structural scheme of interaction among entities in a competitivd®H market based
on ESDs. The need for modernization of the structural scheme of competitive DHS presefgd3g arises from
sever al factors. The integration of renewable energy
call for cleaner energy sourcéglvanced demand response capabilities and energy storage are increasingly necessary
to efficiently handle fluctuating demand, especially with the rise of intermittent RES. Enhancing these features in the
previous scheme would improve energy efficiency system stability, supporting a more dynamic balance between
supply and demand. Decentralized management aligns well with the growing complexity of modern energy networks.
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Such a structure allows the system to distribute responsibilities across mulépd¢oop, making it easier to respond
to changes in demand and balance loads efficiently. This approach also supports a ecasuimenodel by giving
endusers more influence over their energy consumption and costs. Modernizing the DHS to focus orrconsum
engagement and adaptable pricing could encourage esavigyg behavior and boost satisfaction.

The proposedasic schema Fig. 2 illustrates a competitive DHS in which multiple actors are involved in
producing, transporting, consuming, and managimgrgy. The system is divided into four main groups: the energy
production group, the energy transportation group, the energy consumption group, and the DHS operations group.

Energy production group

Energy producer Independent energy g Tl Main thermal System
thermal energy ‘- D
(CHP) producer (RES) e energy producer operator

E i
Energy storage S 4 7R RS
v operator
Thermal energy network 5 U SURUUPUUUPP P >
organization
Energy transportation group

Electriciy market
Market
operator

D d
Consumer 1 Consumer 2 Consumer N D O » CIIENCIICSPaIISC
coordinator

Energy consumption group

DHS operations group

Thermal energy flow Cash flow

——>» Electric energy flow -+« » System control and management flow
Figure 27 Basicmodernization of thetructural schemef the competitive DHS witBSD

The energy production group consists of several entities that generate thermal and electric energy. The CHP
producer plays a dual role by supplying both electric and thermal energy. Electricity produced by the CHteds direc
to the electricity market, facilitating the balancing of electric supply and demand. Independent energy producers,
including RES and other independent thermal energy producers, contribute thermal energy to the system, which is
essential in a competitvenvironment. A major player in this group is the main thermal energy producer, who supplies
significant amounts of thermal energy to the network.

The energy transportation group is primarily managed by the thermal energy network organization, which
serves as the central entity for distributing thermal energy across the network. This organization receives thermal
energy from various producers, including both independent and main thermal energy producers. It ensures efficient
distribution to meet consumeehand and works in close collaboration with energy storage to balance supply and
demand fluctuations. Energy storage plays a critical role by absorbing excess energy dudeménd periods and
releasing it when demand peaks, thereby stabilizing theonletand optimizing resource utilization.

Consumers are represented in the energy consumption group, where buildings or otiearendceive
thermal energy through the thermal network. Consumers rely on this energy for heating and other applicaitions, mak
them the final link in the energy flow chain. Cash flows from consumers to the DHS operations group, highlighting
the financial transactions necessary to sustain the energy supply chain.

The DHS operations group encompasses several crucial rolensae ehe stability and efficiency of the
system. The system operator is responsible for maintaining overall network stability, overseeing the smooth operation
of the energy flows and balancing them as needed. The energy storage operator manages #terageriggilities,
collaborating closely with the thermal energy network to help balance demand and supply. This group also includes
the market operator, who oversees the trading of thermal energy, creating a competitive environment that benefits
both poducers and consumers. Finally, the demand response coordinator is tasked with managing demand response
mechanisms, encouraging consumers to adjust their energy consumption patterns based on system conditions. This
helps alleviate demand peaks and prevpatsntial strain on the system.

Thermal energy flows from various producers to the thermal network organization, which distributes it to
consumers, representing the core functionality of the DHS. In parallel, the CHP supplies electric energy to the
electicity market, adding value and efficiency to the system. Cash flows indicate the financial interactions between
consumers and the DHS operations, while system control and management flows reflect the communication and
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coordination among different operataad the network organization. These management flows are essential for
ensuring that the system operates in a synchronized manner.

In competitive conditions, multiple energy producers vie to supply thermal energy to the network, incentivizing
efficiency and potentially lowering energy costs for consumers. The integration of energy storage adds flexibility,
allowing excess thermal energy to be stored and used during periods of high demand. The market operator plays a key
role in maintaining a fair and eficent tradi ng environment, while the dem
helps manage peak loads and prevent system overload. The system operator oversees these interactions, ensuring that
the DHS remains stable and reliable despite the complexft@smpetition and varying energy demands

Discussion

The integration of ESD into competitive DHSs presents significant potential to enhance operational efficiency,
increase system flexibility, and reduce environmental impact, aligning with breaskainability goals. One of the
primary technological advancements outlined is the strategic integration of TES systems, such as BTES, PTES, and
ATES. These technologies offer substantial promise in addressing the inherent variability of RES, suclaad sola
wind, by providing reliable energy storage solutions that bridge stggtyand gaps. However, challenges such as
high initial costs and sitspecific geological dependencies present barriers that necessitate further innovation and
refinement. The inarporation of PCM also highlights an innovative avenue for enhancing energy density and reducing
required storage volumes, albeit with associated technical complexities. Moreover, BESS and CES add a new
dimension by enabling electrical energy storage,oaljh they are often costly and require advancements in
technology maturity to be viable on a larger scale. These systems, in conjunction with TES, broaden the scope of
energy storage options available to DHSs, potentially enabling more nuanced andteffieilgy management
strategies.

From an economic standpoint, utilizing ESD in competitive DHSs promises to reduce operational costs and
enhance grid stability. The proposed structural scheme fosters aactolticompetitive environment where various
energy producers contribute to a dynamic energy marketplace. By facilitating demand response and allowing for a
more decentralized system management approach, DHSs can better optimize pricing structures and encourage energy
saving behaviors among consumersatggically, the integration of ESD supports a shift towards a constenéiic
model, enhancing endser engagement and satisfaction. Additionally, by capitalizing on technologies like CHP,
DHSs can extend their roles within energy networks, providingabédubalancing services that maintain grid
reliability amidst increased RES penetration. This, in turn, enhances energy security and bolsters the economic
viability of DHSs in competitive settings, where efficient energy management is crucial.

Despite the clear benefits, several challenges must be addressed. The complex interplay between different
technological components requires careful coordination and management, demanding robust control systems and
strategic planning. The financial impligats, particularly concerning initial investment costs and economic feasibility
in diverse geographical contexts, needi@pth analysis.

Looking towards future research directions, the scheme laid out can be explored through various alternative
structuralconfigurations. Given the diverse potential interactions between energy storage, producers, and consumers,
further studies could focus on optimizing these relationships to maximize efficiency, economic, and environmental
outcomes. Additionally, advancedodteling and simulation techniques could be applied to analyze the impact of
various ESD integration strategies under different market and regulatory scenarios, providing critical insights for
policymakers and industry stakeholders.

Additionally, ongoing adancements in smart grid technologies and-tiead data analytics will play pivotal
roles in refining these systems. As DHS operations become morgrdagn, integrating advanced analytics and
machine learning could lead to more accurate forecastsedted demandupply matching, thereby enhancing overall
system performance.

Conclusions

The modernization of competitive DHSs through the integration of ESD represents a critical advancement
towards achieving a sustainable, efficient, and flexible urbanggrinfrastructure. This research confirms that the
incorporation of promising energy storage technologies, such as TES and other advanced storage solutions,
significantly enhances the operational capacity and adaptability of modern DHSs. By enablingffexiee
management of the variability and intermittency associated with RES, ESDs are essential for ensuring a stable and
reliable energy supply.

Through a comprehensive literature review, this study identified key technologies that stand out for their
potential to improve DHS performance. TES solutions like BTES, PTES, and ATES emerge as particularly effective,
though initial costs and geological dependencies pose challenges that need strategic consideration.

The proposed structural scheme illustrateslynamic interaction model among various entities within a
competitive DHS, encompassing energy producers, transportation networks, and consumption sectors, alongside
robust operations management facilitated by a market operator and a demand respdimsgaroor

The shift towards a decentralized and consucestric model promotes energgving behaviors and enhances
user engagement, aligning with global sustainability efforts and reducing greenhouse gas emissions. Energy storage,
particularly in conjundbn with CHP technologies, offers the dual benefit of maintaining energy security and
providing valuable balancing services to the electrical grid, thereby reinforcing the critical role DHSs play in modern
energy networks.
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In summary, this research undersgs the transformative capacity of ESD in DHSs, positioning these systems
at the forefront of sustainable urban energy solutions. Continued innovation and strategic integration of these
technologies will be vital in catering to evolving energy demandsnaeeting stringent environmental targets
globally.
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SUSTAINABLE DEVELOPMENT OF RENEWABLE ENERGY SOURCES
AS AKEY TO STRENGTHENING UKRAINE'S ENERGY
INDEPENDENCE

Annotation. In the conditions of modern challenges, such as armed conflicts and global
climate changes, the issue of Ukraine's enexgcurity is gaining special importance in state
policy. Renewable energy sources (RES), which include solar, wind energy and biomass, can
significantly strengthen Ukraine's energy independenced@bhelopmentf RES not only reduces
dependence on imped energy resources, but also contributes to the creation of new jobs and
economic growth.

The main factor in the development of RES is state support through the implementation of
legislative initiatives and financial programs. Ukraine has significantpatén the fields of solar
and wind energy, which allows reducing greenhouse gas emissions and reducing the negative
impact on the environment. According to the data of the Ministry of Energy of Ukraine, by 2030
it is planned to significantly increasestBhare of RES in the overall energy balance.

The need to transition to RES is also emphasized by Ukraine's international obligations, in
particular the association agreement with the EU, which provides for the integration of energy
systems and the introdiion of clean technologies. Investments in RES open up new opportunities
for technological development and reduction of energy costs in the long term.

Thus, the development of renewable energy sources is a decisive factor for improving
Ukraine's energy seirity, ensuring energy independence and economic stability in the face of
global challenges.

Keywords: RES (renewable energy sources), energy security, energy independence, solar
energy, wind energy.

Introduction. Today, in the conditions of the globalezgy crisis and climate change, the
development of renewable energy sources is of strategic importance for UKrenese of natural
resources, such as the sun, wind, water and biomass, not only contributes to environmental
sustainability, but also sidiicantly reduces the state's dependence on traditional sources of
energy, especially imported ones. Renewable energy makes it possible to diversify the country's
energy resources, strengthening its energy security and independence.

The purpose and tasks of researchThe main goal of the study is to analyze the potential
of renewable energy sources in Ukraine and determine their role in ensuring Ukraine's energy
security.Research tasks include:

- aboutthe current state of developnieof renewable energy sources in Ukraine.

- finding legislative, economic and technical conditions for the introduction and stimulation
of the use of renewable energy.

- in the definition of scientific novelty, in particular, in the context of strategr@aches
to the integration of renewable sources into the general energy system of Ukraine.

- proposals for optimizing the development of renewable sources, which will ensure the
reliability and sustainability of the energy system in the long term.

Material and research results. Scientific novelty The scientific novelty consists in a
comprehensive approach to considering renewable energy as a key element of the state's energy
security. For the first time, the study emphasizes the importance of imegmretiewable sources
into the energy system through infrastructure modernization and the creation of flexible and
efficient energy markets.
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Assessment of the state of developméliraine has significant potential for the use of
renewable energy sourcd=or example, the potential of wind energy, especially in the coastal
areas of the Black and Azov seas, is one of the highest in Europe. Solar energy, due to its spread,
is also promising, especially in the southern regions of the country. However, theflase of
this potential still remains at a low level due to various factors, such as an imperfect legal
framework, lack of investment, insufficient energy infrastructure.

Economic and technical aspectsTo ensure the effective development of renewable
energy, it is necessary to create a favorable environment for investors, in particular with the help
of state incentives and "green" tariffs. In addition, it is necessary to carry out research on the
introduction of modern energy storage technologies ayptaving the efficiency of electricity
transmission.

Conclusions. The development of renewable energy sources is an important component
of Ukraine's energy securitif.helps reduce dependence on imported fuel, reduce greenhouse gas
emissions, and createw jobs. The state needs to develop a-eng strategy that will provide
for the consistent introduction of renewable technologies and their integration into the overall
energy system. Only a comprehensive approach to the development of renewableviineegy
able to provide Ukraine with stability and independence in the energy sector, which is the basis
for the country's sustainable economic development.
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GENERAL OVERVIEW OF CHALLENGES IN THE OPERATION OF DC
CONVERTERS IN INVERTERS OF PHOTOVOLTAIC POWER PLANTS
UNDER VARIABLE LOAD CONDITIONS

In the context of the global transition to renewable energy, photovoltaic power plants
(PVPPs) have become crucial as an efficient means of generatimgebésdricity. However,
effective conversion of solar energy into usable electrical current requires specialized devices
capable of adapting the output parameters of solar panelf@®Ebnverters play a pivotal role
by stabilizing and regulating output telge and current for optimal PVPP operation, ensuring
maximum energy utilization. They adjust the output voltage based on requirements, performing
two critical tasks: integrating renewable energy sources into the grid and identifying the Maximum
Power Pait (MPP) on the-V curve using suitable MPPT algorithms. Ideally,IDC converters
operating in switching mode have 100% efficiency, but in practice, conduction and switching
losses reduce this. Voltage waveforms exhibit characteristic switching pagunsng filtering
through capacitors and inductors. Thus,-DC converter circuits always include at least one
power switch with these components. When paired with inverters in PVPPs under variable load
conditions, several issues can arise, potenti@igpromising the system's overall efficiency and
stability.

DC-DC converters regulate current and voltage according to load requirements, ensuring
stable power delivery for devices or inverters, which is crucial for reliable operation. This
capability allovs systems to maintain optimal performance even under variable load conditions.
In solar energy systems, BE@C converters are vital for the stable operation of panels and
connected devices. They maintain voltage and current at the Maximum Power PointtgMPP)
maximize energy extraction. By stabilizing the output,-DC converters ensure that inverters
efficiently convert DC from panels into AC for grid integration. The primary-DC converter
control schemes used in modern systems are iIIustCrat,ed in Figure 1
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Figure 1- Voltage and current control scheme of the-DC converter
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The circuits and algorithms shown in the fig(ite?] are used in modern converters for
photovoltaic power stations. However, they may not function correctly under varying load
condtions. This is important because poor adaptation to load changes can lead to voltage and
current fluctuations, power reduction, and deterioration in inverter performance, ultimately
lowering the system's productivity and reliability. When consideringieeation of solar power
plants under dynamic loads, where power requirements change rapidly, several issues can arise
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that may affect system stability. Changes in load can lead to a decrease in the stability of output
voltage and current if the systeml$aio adapt quickly, causing voltage fluctuations. This impacts

the efficiency of the inverter, which converts DC from panels into AC for grid use. Additionally,
the MPPT algorithm, responsible for finding the Maximum Power Point, may struggle under rapid
load changes, reducing energy efficiency and overall performance.

Dynamic load variations present significant challenges to the operation of photovoltaic
power stations, especially concerning inverter efficiency and system stability. Rapid load changes
candisrupt the inverter's ability to adapt, resulting in power losses and diminished performance.
Switching processes under dynamic loads introduce current and voltage ripples, increasing
electromagnetic interference and reducing energy quality. Voltagesspi&stabilize critical
components like inverters and EIBC converters, while the deviation from the Maximum Power
Point (MPP) decreases energy capture efficiency.

Additionally, abrupt changes in load and solar intensity create difficulties for MPPT
algoithms, delaying their response and reducing the system's ability to sustain optimal energy
conversion. These fluctuations often lead to decreased overall stability and the inability to maintain
maximum output from the solar panels.

To address these chaltgs, integrated control systems combining-DC converters,
advanced MPPT algorithms, and robust inverters are essential. These systems rapidly adapt to
changing conditions, maintaining stable voltage and current levels. This approach ensures better
adherace to the MPP, enhances energy output, and stabilizes the overall performance of
photovoltaic stations even under fluctuating load conditions.
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urs 644.1
Ren Junwei

ELECTROMECHANICAL EQUIPMENT AUTOMATED  PLASTIC
WASTE SORTING SYSTEM AND TECHNOLOGY FOR THEIR
DISPOSAL

The plastic waste classification system image recognition algorithm poses as primary
technical chall enge, where the accuracy rate
conditions and material surface characteristics . The challenge was addressed through the
implementation of a mukstage image preprocessing pipeline incorporating adaptive histogram
equalization (AHE) with a contrast limiting factor defined by: The limiting parames f or UCD
are calculated as 0.75 and 3.5 for U and b
mi n( UCDF(f (x,vy)), b). Together with a residu:
architecture, enhancing stability through reducing varianoe N3 . 2% acr oss al
conditions. was achieved with this solution. A main challenge was to synchronize multiple control
|l oops in the pyrolysis system, as timing errc
temperature oscillationg.he solution implemented a distributed control architecture using the
IEEE 1588 Precision Time Protocol (PTP) for temporal alignment, achieving synchronization
accuracy of N50&s across all c ont rbaskd contd e s ,
strategy defined by the transfer function: The form of the process model is given by G(s) = Gp(s)e
ds/ (1 + Geeds)@Em(s)mMl which d corresponds to t

Challenge Resolution Flow

Image Classification System

Initial Challenge Solution Improved Result
Accuracy: $12.5% P CLAHE(xy) = min{aCDF(fixy)), B) —— Variance: +3.2%
Variable Lighting a=075g=35 Stable Performance

Pyrolysis Control System

Initial Issue Implementation Final Performance
Temperature: £8°C Poriis) = Gp(s)e-B5/(1 + Gefs)Gm{s)(1 - e-Bs)f— Sync: £50ps
Timing Errors IEEE 1588 PTP Stable Control

| Overall System Improvement: Image Classification £12.5% — +3.2% | Control Sync 8*C — 50us |

The problem solving methodology followed the Six Sigma DMAIC (DefiMeasure,
Analyze, Improve, Control) methodology together with various Quantitative Analysis Tools
(QATS) including Statistical Process Control (SPC) and Failure Mode and Effect Analysis
(FMEA). Ishikawa diagrams were used for root cause analysis andfopadioin of cause effect
relationships were achieved using correlation coefficients and regression analysis (reducing the
average problem resolution time by 45% in comparison to traditional troubleshooting methods) .
A structured testing protocol was usedhandle system integration problems by implementing
real time hardware in the loop (HIL) simulation at execution rates of 1kHz so as to identify and
resolve interface problems prior to employment.

Automated test case generation method employed forutip@ge of testing was boundary
value analysis and equivalence partitioning which resulted in the critical system function test
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coverage ratio of 94.8 percent . We found three key lessons: the need for robust error handling
mechanisms, the development dfiararchical fault detection and isolation (FDI) system that was
able to reduce the end to end mean time to repair (MTTR) by 35 percent using automated
diagnostic capabilities. This underscores the importance of practices around systematic
documentation ahversion control: setting up a Gitbased version control system with branching
strategies that reduced code integration conflicts by 78% while maintaining a complete audit
history of changes to the system .

Problem Solving Framework and Outcomes

Analysis Tools Improvements Key Lessons
= Statistical Process Condral Resadution Time: -45% 1. Resbust Error Handling
= FRMEA Analysis MTTR Reduction: 35% 2. Hierarchical FDI Systern
+ |shikawa Diagrarmds Code Conflicts: -7E% 3. Diwerse Tearn Composition
+ HIL Sirmulation {TkHz) - Test Cowerage: 348% - 4. Systematic Documentation
+ Aubomated Test Generation Execulion Rate TkHz 5. Vergwon Control Practice

= Wargion Canbral (G}

Coverage: 94 8%

With the practical hands on exposure to advanced automation systems, mechanical
equipment operation, and process control implementation, industrial grade technical competencies
have been developed in a very pragmatic manner. Implementation of machimglabgarithms
in waste classification was successful resulting in a 6.6% improvement in system accuracy,
optimization of pyrolysis control systems led to a 28% energy consumption reduction, and
integrated testing protocols were developed to improve systi@ability 35%.
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Project Company Archetype Location = Size Maturity |
Landfill Organic Waste-to-Hydrogen Plant ~ Renewable Resources Consulting & Inno A_A Hydrogen production UA - Ukraine

H2 Influence on Gas Distribution Metwork ~ Regional Gas Company B.A T&D: Pipelines UA - Ukraine 2020
H2 Influence on Gas Distribution Metwork  Regional Gas Company B.D T&D: Inland distribution UA - Ukraine 2020
H2 Influence on Gas Distribution Network ~ Regional Gas Company E.A Gas usage within a 100 % hydrogen distribution (UA - Ukraine 2020
H2 Influence on Gas Distribution Metwork ~ Regional Gas Company E.B Usage of gas blends from grid. with hydrogen anc UA - Ukraine 2020
H2 Influence on Gas Distribution Metwork  Regional Gas Company E.D Decentralised heat and power generation using HUA - Ukraine 2020
Hydrogen Wind Solar Park a capacity East European Association for the Devell A.A Hydrogen production UA - Ukraine

Hydrogen production from waste SKH SKH Technology A.A Hydrogen production UA - Ukraine

H2EU+Store RAG Austria AG A A Hydrogen production SK - Slovensko; AT - Osterreich; DE - Deutschland; Ukr 2025
H2EU+Store RAG Austria AG B AT&D: Pipelines SK - Slovensko: AT - Osterreich: DE - Deutschland: Ukr 2025
H2EU+Store RAG Austria AG F.D Integrated infra and storage SK - Slovensko; AT - Osterreich; DE - Deutschland; Ukr 2025
ON H2 import becomes Central European Hy NETAGAS B.A T&D: Pipelines SK - Slovensko; CZ - Cesko, DE - Deutschland; Ukraine

Central European Hydrogen Corridor (CEHC) Open Grid Europe GmbH B.A T&D: Pipelines DE - Deutschland; CZ - Cesko: SK - Slovensko: Ukrain

UA-H2NG Transmission System "Dnipro—EU East European Association for the DevellB.A T&D: Pipelines Ukraine

KyivH2BUS Ukrainian Energy Storage Association & D.A Land road vehicle fleet deployment Ukraine

SUMY H2 CAPACITY Sumy Machine-Building Science and Prc A B Electrolyser manufacturing UA - Ukraine 2021
Border-close H2 plant in Western Ukraine  Sumy Machine-Building Science and Prc A A Hydrogen production UA - Ukraine 200 MW 2023
UA Ponyativka Yellow Ducks Sumy Machine-Building Science and Prc_A.A Hydrogen production UA - Ukraine 200 MW 2023
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CAPACITY PRICING PROMOTES THE COORDINATED

DEVELOPMENT OF WIND, SOLAR, FIRE, AND ENERGY STORAGE

Introduction

Currently, new energy sources such as wind and solar energy are developing rapidly, but
there is still insufficient coordination with traditional thermal power, leading to frequent
occurrences of "wind and solar power curtailment”. New energy power geneisigreatly
affected by weather and its output is unstable, while thermal power generation is limited by cost
factors and has a weak willingness to peak load, making it difficult to quickly adapt to the
fluctuations of new energy. In addition, the laok grid infrastructure and energy storage
technology also limits the grid connection and consumption capacity of new energy. Therefore,
strengthening the coordination and scheduling of new energy and thermal power, enhancing the
flexibility and energy sta@ge capacity of the power grid, is the key to solving the problem of
"abandoning wind and solar power" and promoting the transformation of energy structure.

Main part

The capacity pricing mechanism provides compensation for-ficedl power units,
encourging them to serve as a backup and flexible power source when renewable energy
generation output is unstable. In this way, doald power units can be used as backup when
renewable energy generation is stable, making room for wind and solar powerigenfitahe
same time, capacity pricing is used to recover fixed costs fofficedlpower enterprises, ensuring
their stable operation. The capacity pricing incentive mechanism is an economic incentive
mechanism in the electricity market aimed at enguthe longterm capacity adequacy and
reliability of the power system. This mechanism provides economic incentives to participants in
the power system, such as power plants, energy storage facilities, and demand response, by setting
capacity electricity pces to encourage them to provide stable power supply and flexible regulation
capabilities. In the capacity pricing incentive mechanism, the capacity pricing is usually related to
the maximum load demand of the power system, that is, during peak loadispafritne power
system, the capacity pricing will be correspondingly increased to encourage participants to provide
more capacity resources. During non peak hours, the capacity electricity price will be reduced to
lower the costs for participants. In tgly, the capacity pricing incentive mechanism can promote
participants such as power plants, energy storage facilities, and demand response to provide
sufficient capacity resources in the power system to ensure the stable operation and reliability of
the pwer system.

Conclusion

At the same time, this mechanism can also promote the consumption of new energy and
reduce energy costs, improving the efficiency and competitiveness of the electricity market. It
should be noted that the design anglementation of capacity pricing incentive mechanisms need
to consider various factors, such as the structure and rules of the electricity market, the behavior
and response of participants, and the operation and planning of the power system. Therefore, i
practical operation, corresponding policies and measures need to be formulated according to
specific situations to ensure the effective implementation of the mechanism and fair market
competition.
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Abstract. The system of adapting the vibratory bucket for effective rock fragmentation in
the Klesiv mr-metallic minerals quarry has been considered. The technical and economic
indicators of implementing the adaptive system have been analyzed

Key words: vibro-bucket, rock destruction, adaptation, quarry, excavator.
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APPLICATION OF HYDROGEN FUEL IN AUTOMOTIVE ENERGY
MANAGEMENT: MATERIAL IMPACT, ENVIRONMENTAL BENEFITS,

AND SAFETY CONSIDERATION S

Hydrogen fuel, as a clean and efficient energy source, has transformative potential in
automotive energy management. This paper addresses the material challenges of hydrogen
embrittlement and permeation, environmental benefits like zero emissions aogcldif
sustainability, and safety considerations associated with-pighsure storage and leakage risks.
By overcoming these challenges, hydrogen fuel can enable sustainable and efficient automotive
systems.

Keywords: Hydrogen Fuel, Automotiv&nergy Management, Material Compatibility,
Environmental Benefits, Safety Measures, Green Hydrogen, Hydrogen Embrittlement.

Introduction
The automotive sector accounts for appr
making it a significantontributor to climate change [1]. This necessitates a shift to low
carbon technologies. Hydrogen fuel, with its high energy density andem@ssion
characteristics, emerges as a promising alternative [2]. However, challenges such as
material degradatignsafety risks, and infrastructure limitations hinder its widespread
adoption [ 3]. Addressing these issues 1is
sustainable transportation.
This study focuses on:
1) Material compatibility challenges, such as hyanegembrittlement, and proposed
mitigation strategies [4].
2) Environmental benefits of hydrogen fuel, including lifecycle emissions reduction and
sustainability [5].
3) Safety measures for higiressure storage systems and leak prevention [6].
1) Hydrogen Fuel in Energy Management
Key Properties
Hydrogen fuel is characterized by its
2) High Energy Density. Hydrogen has a superior enefigyweight ratio, enabling efficient
energy storage for transportation [2].
3) Zero Emissions Hydrogen produces only water vapeinen used, eliminating harmful
pollutants [3].
4) Adaptability : Hydrogen can power both fuel cells and internal combustion engines,
providing flexibility across vehicle types [4].
Comparison with Conventional Fuels
Compared to fossil fuels:
1) Hydrogen fuel cefl achieve efficiencies of up to 60%, double that of internal combustion
engines [5].
2) CO emi ssions are entirely eliminated at
decarbonizing transport [6].
1. Material Impact
Challenges:
1) Hydrogen Embrittlement: High-strength metals like steel are prone to hydregen
induced cracking, reducing durability under stress [4].
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2) Permeation Hydrogends small mol ecul ar si ze el
leading to leaks and loAgrm degradation [5]
Solutions:
1) Advanced Materials. Stainless steel and composite liners with enhanced
resistance to embrittlement significantly improve safety [3].
2) Protective Coatings Applying chromium or polymebased coatings
prevents hydrogen diffusion [6].
3) Innovative Tank Designs
A Multi-layered tanks combining metal and composite materials.
A Cryogenic tanks for liquid hydrogen storage, reducing volumetric
constraints [7].
3. Environmental Benefits
Zero Emissions
Hydrogen fuel eliminates tailpipemissions, reducing urban air pollution and
improving public health outcomes [5].
Lifecycle Analysis
1) Green Hydrogen Produced using renewable energy, green hydrogen achieves near
zero lifecycle emissions [6].
2) Gray Hydrogen: Predominantly produced via steanethane reforming, gray hydrogen
contributes to CO emi ssions and requires mit
Sustainability: Hydrogen integrates seamlessly with renewable energy systems, acting as a
storage medium for excess solar and wind power. This enables:
1) Decarboniztion of heavy transport sectors, such as freight and aviation [7].
2) Greater energy resilience in urban and rural areas [2].
4. Safety Considerations
Risks:
1) High-Pressure StorageTanks operating at up to 700 bar pose explosion risks during
refueling or acdents [4].
2) Leaks. Undetected leaks can lead to accumulation of hydrogen, increasing flammability
hazards [5].
Mitigation Strategies:
1) Leak Detection SystemsAdvanced sensors for early detection reduce the risk of
accidents [6].
2) Explosion-Proof Designs Implementing ventilation and spar&sistant materials in
refueling stations [7].
3) International Standards: Adherence to ISO 14687 ensures consistency in hydrogen
purity and system integrity [5].
4. Challenges and Future Directions
Technical Challenges
1) High costs of green hydrogen production limit widespread adoption [3].
2) Material compatibility issues persist in highessure systems [4].
Opportunities:
1) Green Hydrogen TechnologiesExpanding electrolyzer efficiency and renewable
energy capacity reduces costs [5].
2) Infrastructure Development: Scaling hydrogen refueling networks enhances
accessibility [7].
3) Policy Incentives Government subsidies and regulatory frameworks accelerate
commercialization [6].
Conclusion
Hydrogen fuel offers a transformative solution for the automotive sector, combining
high energy density with zero emissions [2]. Overcoming challenges related to material
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compatibility, safety, and infrastructure is essential to its adoption [4].

This stugy emphasizes the importance of:

1) Mitigating hydrogen embrittlement through advanced materials and coatings [3].

2) Transitioning to green hydrogen production for lifecycle sustainability [6].

3) Ensuring safety through robust leak detection and adherence twaiidaaal standards
[7].

Future research should focus on cost reductions, material innovation, and the
integration of hydrogen systems into smart energy networks [1]. Collaborative efforts
among industries, governments, and academia are crucial to estghiigtirogen fuel as
a cornerstone of sustainable transportation systems [4].
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Abstract. This paper proposes an approach to identify-plvase unbalanced voltage sags in a three
phase electrical network. At the first stage, by applying the wavelet transform to the voltage signal of
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o MisOdatso dzj dzdz? § 5C 0 Otols d to dfstctisd de®Hif &z b2y § o )s s P d
Kiac eHepreTHYHOT e(peKTHBHOCTI Ta

[xana kiaciB eHeproeeKTUBHOCTI
[IHTOME €HEeProCcIOKUBAHHS

KBT-rog/m?
<42.,5

B < 68
C < 86

> > -
E < 114,75
F <1275
> 127,5

IMurome crokHBaHHA NEPBHHHOI eHepril, KBTrog/m: 225,12

{ dEz2AksWzOm j dzj ecjlsdydes’ jWjCldodasfmls' (L jdzjteejle

10 HEfs®@scetss Mfjy Od LsoOdkses § o OaRuabicts f ot
BisH | dzv 0 Odedz” | dzj 6 ¢ i (@] ofO dispi  BolAfHtS ood® H Wl jizBdRadzvL G ISt HO
slstedBOdedS " VO d oL Ok dS ' 9-audithid ® dzEfRE Bt C SOk dD
Jd dzj e st By dizg Q@REY.H S 5

» CTBOpeHHS JIBOX CITeHapiiB - 6a30BUI Ta MICTA pO3paxyHKIiB. \
* B K0o3)KHOMY 3 CIleHapiiB:

» BHeceHHS TaHUX PO KOHCTPYKIii 00'eKTy

» BHeceHH:A JaHHX PO IUTOIY, 00'€M, OIAIIOBAThHHX.

* BHeceHHs JaHHX IIPpO CHCTeMYy omaneHHs, I BII,
Buxopiic- ) KOHIIHITIOHYBaHH, OCBITIeHH:, 001aTHaHHA BHCOKOTO
TaHHs E-Audit CIIOKHBAHHS Heprii, BeHTHIIAIL

* OTpHMaHHS peKOMeHIaIlil
» OTpuMaHHA cepTHDIKATY OymIiBIL /

{ dMEWET | B0 BoH G O ddchditf CsHES IS’
OB YWORE L §sCOLAdC ' o Hdgj eamEO) (b Dt L OB BH ' o

[BIQW @ jdaj cetsmt sy do Odada? L
Il dH j dzj tcc s [ 5 oftctso OH Y j dzdd "  mMdzv oftctso OH Y J
sdfyp. S1| SIk A? ¢ Isdf. C1H Sl A% ¢

1 0 s Odzj g 2003,45 95,17 1026,75 48,78

1 G50 Sz H Y 30,05 1,43 60,91 2,89

I dMdzc ook 5 dzOdzs H SOz L 5o Odaj | daj ©CGJIsqdydsj ©BMlsj
jdzi ce M sy o Odedz? L O H s chkslts ©F Mif 0y ls OBzzj tzs O daE S 2t
audit

sfdimMse odStedMmisOdzadrn HYJ tej dz:

10. ) 65 AjEMgHE G B W j SIsdo desfls’ : V] OC sdztlc) AtcOb tiz§ 3020852024 .
11. 1 o5 jdzj ecjlsdyds jWjSilkdods MBI 18EH e judz: ;o HO 3tDdz OGS @@ 2d4d 2 11 8

12.rsvuv 9190: 2022 [dajtecjlsdydzo jWjiClsdoeds Mmls BEH' 9jd . H>jsdede
o jdEsddzvy® ' kO cOtwytets otsHtsSH tsfyls Oy Odadz” .
13. 741 J132:. 36021 vjifdsod® 'Ltdvy' v . O jditwetsiWiCisdeod Mis!: BEH' 9
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[ B 5t s dzts 86 Qudzhd. . Is j R &
ZOYOd dzdS o' HH' tdzk § ' HistedBC d C grdZj dzlstsg Wi © Is
Z89C Odz¢ €, [CPdzH. Isj 7 dz.

vC oY [ROK. Ml

1 O YyodeO s tso d2 " dzmisdlskzls j dzj e 5L B J 16

10y’ sdzOdz! dzd?2 Isj ndzg ydzd 2

¢csd ofp! €2 fYtsdz Isjrdz yded?2 ' dzmisdlskz

J1Jcr Yt l1toéf lwrovtrRI{sR s[f}][sH1RM U
1 vt dearsuvrlyfoeosw 1 o rRrRuf [T [fuv ¢

I sy .
[ dgj 6G jIsdydzO dzgj L Odzj ydz' Mils! Hjty Ood *° EdRsets MmlsOc
Jlsdzs s’ o j dz' descslz WisdzH' Mty do'O' ity Omw@dL B 6ztL ‘4D 8
Ocdzf Stsoadnm GOL "9, " Hodhjdadew JjdzjteatsjWyClsdoe desfmlis’
(u

Is Ogzd s 26 B Gz dzOdz! desects S s sHOMmise O S5 @ L dedyiRyetoRdt
tctsMisOdedz”" o OtclsEfigl 'j dz] fzlstcc tsdgEAs’'e dzd » W s dzH . azdi v @fipls (
Bdzso sets WtsdzHlz L BIEzZHtSo Odzp dzg to g O fr) d3dzui fefts odif e aoHnt
[
L

SN o

COLtes[ICadd dzj dzgd m St O dz. 1 " Hdzso dzj dzdzv € tc O’ dzf H #$ 1z fp @
Hislstod 3O dzdz" d3 o d 3se TG H | tzdelgls sl dbii dlds doo daty fitels) ‘O.o d

f' Hodh jdgdgw j dzgj teG tsj & § Lcitschodeds fiplsd ts Cote j iR jstd: Qo 5o
(Hdo. tedf. 1) .
| IHCTpYMEeHTW AepKaBHOro perynioBaHHa eHeproedeKTMBHOCTI B chepi KK |
| MpaBosi | | AOmiHicTpaTMBHI I | EkoHOMiYHi |
MixHapoaHi 30608'83aHHs: I NiueHsyBaHs | MbkrapoaHe .
- iMnnemMeHTaLis AMpeKTUB cnispobiTHMLTEO:
- rapMoHiszauis 6yais.HopMm Mpodeciita nporpamu,
- BMNpOBaPKEHHs cTaHOapTiB cepTudikaLlis MPOEKTU, FPaHTH
(CTparteriuHe NnaHyBaHHs: EH:}‘ABF’Z'TL;T;?J;;Z'HM LlinboBi ypsaoBi nporpamm
- HaloHanLHWi Nnak Aii p : : Mporpamut NIATPUMKM
- cTparteril po3BUTKY Aepxasu NPOEKTW perioHansHoro
pO3BUTKY
3akoHoaaB4uii piBeHb: - ®oHA
- 3akoHu YkpaiHu AepxasHi eHeproeeKTUBHOCTI
- Ykasu lNpesupeHTa 3aMOBNEHHA,
- TMocrakoBu KMY KOHTaKTW, KBOTH | ®ona gekap6oHizauii
Posnopsadi 4oKyMeHTu: AnMiHicTpaTMBHI BrogxeTHi npouecu:
- pO3NOpAMKEHHA 3260DOHM TY 3 eHeproedeKTne-
MiHICTepCTB, BiAOMCTB; PORM, HOCTIi Ha 3aKkyniento
- S - pernamMeHTaLin .
- piweHHs agMiHicTpauil, . - ToBapis/nocnyr, ECKO
; DiANLHOCTI
rpomag Ta iH.
MuTHa, nogaTtkoea,
Hopmu Ta craHfapTu: o OBmexeHHsA, BUMOTH, LiHoBa NoniTuka,
- [BH, ACTY, B_CH, TEXHIHHI cTaHaapTuaalina TapudoyTBOpeEHHSA
pernameHTH Ta IH. Minbry, CTUMyNOBaHHA
KpeauTyBaHHA
t dik disliziis oz d3j dzls 66 ko j & @ Gréigtiztsg MW j o' sy
[ jcOsBtsdd"H fetcLOdr § ' HisteddiCd CodfdjCmddn fto
wdldzso sz fjChktste' , hts oayj Bldd tj Ok LsoOd o ULt

[Ojte' Oz ' t®jLbkd sOIsd Hsfd Hyj dadew .
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190308 yd dzOL tgb % dz0 6 s @ datiz’d * ™ B tizG ek 1st® dzj dzdzv[1,2] O ts
steZ3O[Eesd@md MW jte° ' Hodh j dedzw J dzj toc aitdsjddHjizC Is d o' dats frdsC
s te 30Isd o dztsé 18Ot @Al [zag) MsigOtetsH dzad » St 6 Oalz| j Otwyf @ §@]lsLOt
L dz2Oydzz ¢ " dzv €' Mmls! ftets* CIs" @ " Hodh jdedgw jdzj teetsg W
W ' dz0 dzf USRIz fIEFKO, GIZ,SECO,| 1 {1, ¢ Ok OdKEd/ Q. dltcO’
fsLdlsdodzd?2 HBMe ' H W' dzOdDE 5@ UzdzY H gztlz] pd Szl 9 § 5 d 8 tizd
LOOHWEd fteseteOd3 cuvjfdz CtjHdIlsde BlRzdzts tslsted d3Odzts
Mdted H dzOMJ dzj dB3Bé , [ dfited YisUgktced MisOdzd ! Hlotsd tc@BEOIS2 t
off tctso OH Y Jjalits toustOdits@d3d ( &zO0ff tcd ¢ &zOH, st OBO 70/ 3
LOlo jteHYy Jd2 HteseteORBd " HIstcdd@3¢d HdAzv BOGCOILC o Ol
fijtejBOYj dzes yYyOfmlsCtso] §tsCtedlslsw o' HislsC ' a3 yd Is° dzO
v OB dzd YWl tsic' o dgv dz! dzd 2 OdzOdz' L tcj Odz' L so Odzd~ 1 tots
JdzjtceatsiWiClsdodzsmls' o Y dldzsotsdz WtsdzH' v EtcO’ dzd

1 OL 9| vg f dzf Ctej H lJetsGtc OO |
f 5C OL dad|
[ 34 ted I 4 6 O dzO 1 to [ " ) dzOte s H dz'
W' dzOdzlzg d3' 3 dzOtetsH dz' ' dzo i fitgl ‘dgo j Misdy'
}] Jto' @ 20142020 20162020
A" dz 5 At Ldude tMmtss ldazOmded € °
Ctolkztf © BEzHddzeC " 9, CoOtwls] " dzhdo ' HEOdz dzd
J a1
Ldsse d l ftcseo OH Y J d [(dzj e tsj Wjj G
Zyomls® JdzjteatsjWjClsdod 5B dZOH d@dzdBOIs | t
g

5B ZOH O dek"Odz' &g § jt6j &' Sk, ©CO

dzj stcOH dy"' 2 dgd H ftotsc tc Od3d
1 OG O 1,1 d3dzteH. 75 d3dzdz.
iz 3O
L d3ts 9 ¢ 9" Hh C sH z-§ O dada! ' Hh CBsHIEz-9 (
W' dzOdzmlz ¢ CtcjHdllE d2O tsB| 20%yOfmisddzed Is"' ¢
[ Bd3] N J 14000 ¢ tcdz/ 94 torndzv o34
sMmtse Iz

ABSsdzH j dzj 6G B JW-HY I&d OdeEAPIs ZMis Odztso O, Elsostej dzO L 3
LORAtSH' &8 L JjdzgjteetsL B tog 3. J ddday ydodzO¥ dulsidztao ts2iflz1 §intg tus§SHe
c[rdzj tcesH ' Be, dstc O dzfiph B tzdDP'Ols ftetsctc OB ¢ v j f,dz" OHOY
HSLoaBBdY' oftcco OHY ko OId ¢ sSi3f dzy dkldndtS o f Ac sB K Hs'do Jsdz'te d3
(fOCjl ¢ c¢cfjcCdle IsO §0O0Cjl 1 CcstsHithaz] CMzgd e, SOt
HdzW toj Odzulls@gits'dd) dzO@ dzd lssf OH 2024 sk HB AtSdHE
che280, LO (OEIBSEBMEIRY dzO L O o dij 62 4o Odgdrdz.fnls € to di
LOo jteh jdzd T 29 BB fdgj O to' YdzO jStsdesds v j®RlBO96 -8 &
EH/ ' §, MC stesy  dzdiv8 69, BRJ HIE dofn). § tdafts day’ wis(dflz. o j 6] H dg
jdzj ec' ’ : -1§7QS5j%s CYO@T 19 8w & b jtej Hdz o Otels' Mt ¢ j s
coeBdzdL' €5 2 Bdzdz.-13L @54 GCzds Edgdzc 4 & dzr § ' Ml  HEG &S
fescteOd ¢Bdzjdmc VHO' Isgefy. , €' dz § ' Mbk! HEBSEE8F &R Ots
ftescetcORBd ¢ dad G sSH ' d3e, A SdzH BdE [zl ¢ oty cCtds@idgddzts f
Clt' dzH' dzé, '~ e’ adgvdz! dzgd? OdzOdz' L ¢ OL Oded 2 dz0O
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Mporpamun ®oHay eHeproedeKTUBHOCTI ANS XXWUTMOBOrO CEKTopY
EHeproagim-3 2019 BigHosu gim-3 2022 Mpingim- 3 2024
OCBB OCBB OCBB, XXBK
! ' .
3axoau LWoao KOHCTPYKLIN, 3aMiHa NOLIKOKEHNX Tennosui Hacoc,
iHKeHepHUX Mepex, obniky BIKOH, iBepeH, COHSAYHa enekTpo-
l l peMoHT dacagis, cTaHuis (CEC):
NOKPUTTA, PEMOHT - OCHOBHe
Maket {\ Maket B [axoBKX KOTENeHb Ta obnagHaHHs,
«Jlerkuit» [ | «KomnnekchHuit» | | iwx. Mepex - eHeprocepTudikar
| . I {
KomneHcauia sutpar . 100% Ha MaTepiany i MpaHWuHWiA po3Mip
-po6otu, obnagHaHHs, matepiany pobotn gBomMma rPaHTy 3a NPOEKTOM:
40% 50% TpaHwamu: 70%/30% Tennoeui Hacoc -
- eHeproayaut, NpoekT: ObmeXeHHs: 7,2MIH. 2000000 rpH.
70% 70% Ha oguH ByauHOK CEC - 1000000 rpH.

[ Mz LORd Ho&Y dOmj dj dd", "t t©jOd Lk

10 tedf dzdyud TCOLOdts tesCd fsBkzHBsead BEH' 8 j dz
L B lsss W' dzOdzmizoeo Odzdzy ftets* CIs' & §  Hodh jdadzaw | dzj o
Yy Mjte' 2dz BEH'  adz' , Isjf dztslsj n dzg yala] G@]es COFf ‘dad Clf j v &
fMls" dz B' dz hj 70% BEH' 9 jldzllds 4 Gdats oudjlde | HB dzd@ R tLHES 9Q
ftes' ClsOn: Bklsjf§fdzj degdzw Mls' dz, HJjtej Ctedlsls' 9, L OB dzO
BOdzOdzz o Odadzw ) djmtsdets3dL tsdfvOglZj Wzddv'tclz s o dzj sif Odz¥ 9 O dz

40

35

30

25

20

10

w1111 11 e

§:38? R E R R EEE R
._Z'ic'ii:.‘iiii".i'2222232222x352§

1989-1990
2004-2006

t Mz SSsL fsH' dz BEZH 9 jdz2 L O to

@

COBd f¢

| d fydzts delsd € dzv dzgz s s ' dzfjlstelz s dzlsd H ey Oo desE s ] G k2 dzt
fescteOrd ' Histed®BSd CodfdjSmddr fos' Clk' o jdzj ot
6jOd LEsls! M dzO kjfjte' hdg 2 yOfm o vCtO dz

sf dmMsS odStstedmMlsOdzedr HYJ 6] dz

1. 1tets AtdHY j U5 adgmls © | OSWId v o) izd 6§ R 0DG. 06. 2024 .

2. 1tets jdzjtecjlsdyudsz jWjSlkdedz MBAI I8 EZH tegjjHdz o ' 1HO BtHdz OGS @@’ 2dsd 2118

3. r11 132.%6021 uvjffdsed® "Ltsdvy' v O jdjittesiWiCisdeod Mis! BEH' 9

4. [ .. zt9C0Ods ¢. uff' of td@®dsd v RO dAd s a d d ) EH2OWBME | e BV E CBY H o
/1 18" toded ¢ Oy -f BOVIs.IgdaiC.to. ¢ [deOfledgChialis Hupdg) dBEflz Cottotdss * Is dzd ylso t5:
JWiClsdofs thlso ¢ -161 w,j telja dafy. 3®18 tc. ],

5, (W' y'2dzed?2 MO2l AtsdeH Iz szJtGGmﬁpﬁaeéfllmdmg:m/fr]ls ot ddddB Hssky z:
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dtejotawdsSts r. 1., C0Odz
|zt ¢ . d
1 0y’ dzdzJ dzd 2 Isj n dz udzq’?
csd oM €d2 fsdz Isj ~ndz ydzd 2 € sdzfigle  Is Im

NET METERI NG: z[cm 1] aAarsvrRIVT 1L v

(vrt1ftrevtedfRr
I fyls.lagd fyls Jragdmetering fiyls O solsijg ' fizd 4 & dzv o dack dsdd ts S | de'tsWaf

HiSL o tsdze 2D ) dedfif 0y e dzj dgji2j € Is doaddfsts to d ) Is ® edtOem@iEdde s B dzJ
jdzj Clstets,jladej Wzef 'y Mty do Old MOBsis ' 20D  off detdstsisCz jOdsla]
d dzj e sy MBSg@kzdz' , HJ JdagitecjlsdydzO dzjL Odzj ¥ dz' mis+ Is
B' dz2 htsegts L dzOyj dzdzvw ' dzdztso Oy' 2 dz' daz o 'O glzdetizv s &y ~ § ¥,
dZOHL 8 dyoO2 dzts 9 Oy dzd o d o3 .

[ j 50 tcteiOlsils ts Yigds@igefz) [snetdneterinouv € te O dz'  Is Ofs fp dits alal2
ftosBEZPdES dzdC " 9. { 5L ¢ dzW dzz Is snefyee’'t les o hg HSEOM ot HL  telASLAE |
i ¢ te O hj Wdgd@oldz gy Bngtdpeterinov € tc @ dz' .

[ Ojt' Odz ° toj L Zdz UsPisaf Oxp@sfipglr] Hdg@ dzelz 2 dzlz, fd Mmls,
Hi Bsdzmistelz Mls' 2¢6d2 twsLoadl(. 1 OCsdzsH O Mlsots
sy Ck'Is! mw fjtein"H dzO Ok ¢ y' tdadziz BsH j dz f ' H
HE®BBGE MY SH O g sl dozgldsd j dzj S stetsisOdzy” W di3d f 51
2024 tty"' . 1 Oc0dz? 20 o MlsOdetso dzj dz0 ff Blskzy dz2' Mmls Is O
[lIls. Aj Mo ' Hydl! s LtesMisOs yd2 ' dzlsjtejf kCdePr c
HYyJtejdz jJdzgjtea' ~ . 1 JLoOyOs ydq dO L dlsdedzz HJdzOA
Mlse stedo " d HSHOIS o fJtjh CsH(d. ltesls g, i Jtcf
Sflsdds Misdudzd B3d. 1 ftetse OHYJ dede? MdMisj d3 dAOE ddf G nidzdiat
HdzZw HtdisetsMmf sHOteMmilse . [ 1]

_Ho’o*’(ee'Y(e(h'(t*;nnVvn‘k*mthx t x h
— S ._.h et~ ee’Yy To "L e 52 h
— (__""”"evm m t a R T e m X “ee 'Y a h _
— =~ oeo "~ - e C e~ e m t

_ . | = E
— L“a(’(e*w “omt x c *ol ——e~emx ~ee’Y
tdmMzdRfdttodz f jtojh C SHetatimgy tosL odlsCEZz net

i sLoadlts¢ net metering ftlkttjBl' BsHJdz L Oy’
LOBJLY Jydlss JjdziteeiIsdydee dzj L Odzj 3 dz' Mis! v SO dad .

zBBHB Mo ' Istsopumdas Higsdnoc davzdzz sts C O dzz, wWC O of 4o
jdzgjteetstej MetecmMOdRd. | stco jc' v, dzj L © Oy O yd dzO B OGO
Jdzgj ce jIsd ¢ kz. 1 © fls ©dedz Ho O ttsCd oMmlsOdatse dzj dzO
l edstcOBO " HIsted 3¢ d Enova MftedwdzO y' sz L tesfls Odzdz

sjdfd tesLeoadlsClkz. 1 Btcojc' Vv offtesoOHY k' ' dedatso Oy' 2
-]l clzOdz! dzd? Rt omeztér pf§ stcdMmisso zo Olsd  Jjuigj,tcc
Cdzh sz .
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S wdgs j ewOyY' W L j dzj € lgjtalo§sete g df' V 2d@9 st e 'k
di3d 6d ) Iz.

S iBLEdRE Bitiy LBYEEEdOyuky Oddesilsd &ty
Cdzls j dzj Sskz.

-1 203’ ydz M OB e Is! JWjCIsde dzgl3] MY 53 d &8 Odedz” J

The latest energy price in Norway is € 35.24 MWh_ or € 0,04 kWh
This is -7% less than yesterday.

In Norway's local currency this equivalent to 399 NOK MWh or 0.40 NOK KWh

2024-10-17 - 2024-11-17

euenergylive
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Price  —s— Load
Mw €/MWh €/kWh
17/11/2024 4484 v-7% 35.24 0.04
16/11/2024 4519 1% 37.76 0.04
15/11/2024 4622 v-6% 42.41 0.04

14/11/2024 4671 45.00 0.04

{ dME g 220 kOwdil d2O0 j dzj Clstd4dj daj tea ' ¥

- gdfmisj B dzOC 4 d wjskdps dgvdzjstec ' J% jClsdods hj o«
Jdzj oG B .

] KjdstcOdz' L tso OkzO f zOsY s@®e&sPL §§ gl tizz Is 5 Q dzq &J s B

- wdzls j ctc Oy v dzOfgs e ffak3dL z° j dzj e st s d 9 Odz

rsmMeo'H 1o je' YsCoOLkz, s net metering &t
Mtsdew Yydets® t©WOH' Oy' '8 . stdBfdjSmdd?2 ' HAa ' H, hts 98¢0
Mftedw  tsL dzfBOUsd ' jdiscjlsdsd.

[ dzv fsCteOh jdadaw WhEZdeC y' tsdalzo Odzdz? MmdMmlsjdz " net
" dzdzso Oyt 2dz ' h jdedev, LOCT w(C:

1. ¢olstsd0ga iyt e § ©OYE MH 6 dzs 5@ fldz® o dz' dzdz™ .

2. s Bz dz¢ ‘o Relgidntsod W d2ts o B2y § BjlatzPe e ' .

3. 1 5Ct0hjfdydcs@b@thHistodd@@ ) Oo d .

4. 1 Odzlz y j dadav d3' ) dzOte s HE@ARE v j dzdigy j Mds'dxydz@ e s H dzd =
W' dzOdzefkzo Odzdz? ftetsjCIls" @ L o' Hdzsodzs 9 Odets™ jdgjtecdjlisd

5, 1 5HOkSCE' dPfOdetlze¢ d :f sHOSCBoadE ' & ¢ taicdew
o' Hdztso dz¢ 9 Odzd s H Y J toj dz.

6. f sHjtedz L Oy' w J ddnj jC fisltcttsadd]) dedp™y : o BsHjteds L Oy
LOBjLY jyujdedzr " "y &5 CclssodgsMmls' HEG ' HECdzs yj dedgw

7. UHBMC sdzOdzj dzdzy OIS USEASH @ o fislt® O Af to 2 dav fipjsty fiyw N
Bt BOfdetmts o 5 OGS’ o, WwGC' (o] meknetesn®ls d delSlslrs y®M Y d
oddiitsed, ftsyjHbkzted "  HCdzt yjdgdzv, L cOREzdEd IsO Is

l dmdesp Lo Oy O yd O odSdzdSd o' 2dzed, MmdMmlsj @O n
tesL o dsEsMisOdadzy € " dzv CsMls® Msdgw ydedrm Jj dzj ClstetsMmis Odz
ftes LtsMlsOE ydq2 " dzesjteifm ECttO dzy' ¢ Hts Jdzjteejlsdy
VLEO  dzO By d oL wisd fteds dzOH L | BStoeHjteasj'dzj e & JE
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offtcso OHY jdadg" 3 Mtsdgw ydes™ JjdzgjteecjlsdSd O ' dzdetso Oy
metering &O° fslsjdey’ Odz MlsOld §slskzydeddz * dzmlstelz
fjteijrtHE HB B ' dzh MOk’ jdgjtecjlsdydes’™ Mmdmlsj dzqd.

sfdms¢ odEtstedmlsOdzd s HY J 6] dz:

1. Net Metering IO MmdMmlsi iz odHOY' GOtOdzls
t 43 dd3 H stipdywAkmu.gov.ua/news/derzhenergoefektivnosti

2. NET ENERGY METERING o 0CtO d&t Jbhdgj SHstdrt
https://saee.gov.ua/sites/Net_Energy Metering

3. Johannes Mauritzen; April 5, 2023; With great power (prices) comes greapéadrpissions?
A natural experiment of electricity prices and electric car adodtigndzj € Is tc ts dzdadt 2 tedj df) zHtari)
https://www.researchgate.net/publication/369792492

4, v OtedW ddOts jjddgjt&cls ¢  tj Odz' desdzsz yoOMm* (Mt &itoedjds
H s s ktpdd/euenerqy.live/country.php?a2=N0O2

5. 1 OtedW dzgO@ jdzj Sltetsjdzgjtcc' ¥ E toj Odzt descgz y@fmi] . L
t 4 dd3 H tipds/wzssb.no/en
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