KanbKkynatop TepmiHy okynHocTti npuctpoto KPIM 3 CVR(onuc metoay).
VECTORVS Lle iHCTpyMEHT CTBOPEHWn ANna nposeaeHHA nonepeaHboro aHanisy
MOXNMUBOCTI peanisalii NpoeKTy eHeprosbepexeHHs 3a metogom CVR.

CVR (Conservation Voltage Reduction) HoBa TEXHONOrIA eHepro3bepexeHHs.

A Conservation Voltage Reduction (CVR) — ue meToz
Ppre Oceee...... Outriirrnng load 3MEHLWEHHA NOTPebu B eNeKTPOEeHEepPrii Ta CNOXKMBAHHI

mexax. [poTsarom 6araTbox POKiB PO3MNOAi/bYi
NiAnpPUeEMCTBa BMKopuctosysanm CVR ana tTumyacosoro
3MeHLeHHA HaBaHTaxeHHA, MBT y roamMHu nikoBoro
NONUTY Ha OKpemmx dpigepax abo CTaHLUIAX, a B A€AKMX

, BMNaAKax i B ycin cuctemi. CVR 3a3Bnyak

-—---—"f.;- BMPOBaAXKyBaBCA Y pPa3i nepeBaHTaXKeHHA 0b61aaAHaHHA
Ta/abo cucTeMHUX HenepeabavyeHUx cuTyaLin, atoum
CUCTEMHWM OMepaTopam 4ac BiAHOBUTK CUCTEMY [0
binbl 6e3neyHoi KoHIrypaLiii.

(pu)

A | —e—  voltage eHeprii WAAXOM 3HMMKEHHA Hanpyry B 40NYCTUMMUX
i .

i

]

1

=

voltage and load

time (sec)

Nna npuknagy, sSMeHLWweHHA Hanpyrn Ha 2,5%
NPU3BOAMTL A0 3MEHLEeHHA CNOXMBaAHHA Ha 2%
B Takomy pi3i CVR=0,8.Lle 3Ha4eHHA € cepeaHIM Ha
OCHOBI NPOBEAEHUX AOCNIAKEHD, Ta NPUNHATO /1A
PO3PaXYHKY Y Ka/IbKYJIATOPY OKYMHOCTI.

KoediuieHT CVR = %AP/ %AV,



VECTORVS Po3rnaHemo AekKinbKa NPUKNaaiB 3 peasbHUX BUMIPIOBAHb, AKUM YNHOM
3MIHKOETbLCA CNOXMBAHHA NPU 3HMKEHHI Hanpyru,mepexa CH:
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Tpadgwicn: CK3 (RMS) Hanpssenwe, TATA Power Mumbai .
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CK3 (RMS) V12 Mun. / Maxc. A CK3 (RMS) V23 Mun. / Makc. A CK3 (RMS) V31 Mun. / Makc.

SHUMKEHHS J—
Hanpyru (PMH) Ha 2% A
npPU3BOAUTb 110
3MEHLLIEHHA CMOKMBAHHSA . ‘ 7
aKTMBHOI NMOTYXHOCTI Ha
1,2% (14 kBT)

T T T T T T
22:16:58.500ms 22:16:32.000ms 500ms 22:17:00.000ms 500ms 22:17:01.000ms

(A #n) Mun. / Makc., TATA Power Mumbai
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-
E]]

A AxTveEHan mowHocTe CymapHoe Mus, / Make, 18.09.2023 22:17:01.161898 : 1,091MET 1,091MET

A AkTMBHaA MowHOCTE Cymaproe Mun. / Makc.

JanHble nonyyeHs!

Tpadumn: CK3 (RMS) Tok, TATA Power Mumbai s X
59 A4
58 A
57T A4
56 A
554 4
54 A
T T T T T T
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CK3 (RMS) 11 Mun. / Mawkc. A CK3 (RMS) 12 Mun. f Makc. A CK3 (RMS) 13 Mun. / Makc.

lanneie nonyuens




VECTORVS Pe3ynbTaTu peasibHUX BUMIiptoBaHb, mepeska HH

’nw5.03.202022:59:13.028691 EH.OE.EOEO22:59:18.535362 B ® O & &dv v Wav (Wi v /| = Rresoution: [

Trend: RM5 Voltage, MDP4 2020
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Trend: Active Power Total (Auto) Min/Max, MDP4 2020

(PMH) Ha 1,25% npu3BoanTb

i |
ID'IO 3’\/\ e H LLI e H H FI C I_I OH'( M Ba H H H 1872 MW : A Active Power Total Min/Max 15.03.2020 22:5%:18.051362 : 1.83MW 1 83MW
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Trend: RMS Current, MDP4 2020
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VECT()RVS Pe3ynbtat peasnbHUX BUMIpHOBaHb, LED ocBiT/IeHHA:

’ﬂzaoazozw 04:45:18.784203 E23.03.2021 04:45:10.007451 ® O O swlv v v (Wi v/ |= Resouiion: [T

Trend: RMS5 Voltage, SCHZO0-K
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3HM>‘KeHHH Hanpyrl/] Trend: Active Power, SCHZO-K :
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9 kW

[10 3MEeHLLUEeHHA CNOXMBaHHSA
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Trend: RMS Current, SCHZO-K
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VECTORYS

CVR ana pisHUX TUMiB HaBaHTAXKEeHHA

MoMHa NoOMITUTH
NBa TUMNM HAaBaHTAXKEHHSA, AKI
30iNbLWYOTb CNOXKUBAHHSA
aKTUBHOI NOTYXHOCTI, Npw
3HUMEHHI HAaNpyru:

Le Komn'toTepu Ta HOYTOYKM.

No |Appliance CV Riactor
1 Aircond (inverter 033
type)
2 |Aircond (old/non-
inverter) 120
3 |cFL1ight 1.74
4 |Fluorescent light  [2.19
5 Incandescent light  |1.53
6 |LED light 0.45
7 [Fan 1.86
8  [Laptop (charging) [0.37
9 |Laptop (no battery) [0.57
10 |PC (Computer) -0.48
11 |Tablet 0.11
12TV (LED) 0.01
13 [Microwave 2.02
14 [Rice Cooker 1.71
15 |Shower Heater 2.50
16  |Refrigerator 0.80
17 |Washing Machine  [2.397

CVR ana pisHUX TUMNIiB HaBaHTa*XeHHA Ta BUAIB CMOXKMBAYIB

CVR ana pisHUX BUAIB CMOXMBAYIB

BignosiaHo A0
LWMX AOCNIAXEHD
HaMbINblle 3HaYEeHHS
CVR xapakTtepHe ana
NPOMMUCNOBUNX
nignpuemcts- 1,824,
0COONMBO Y HIYHUIA
nepioa- 2,429

Load Type

CVRf (P)

Day

Evening

Night

(0800 -
1700)

(1701 -
2200)

(2201 -
0759)

CVRI(P)
Average

Remarks/Obser
vations

Residential

1.021

1.448

1.150

1.206

Consistent
CVRf (P), from
1.02 to 1.45.
Highest
CVR{f (P) was
recorded during
the evening.

Commercial

0.864

1.480

1.187

1.177

Slightly low
CVRS (P) was
observed during
the day (0.86).
Highest
CVRS (P) was
recorded during
the evening
(1.48).

Industrial

NA

1.219

2.429

1.824

Small Medium
Industry




VECTORYS

[leaki AOKYMEeHTU Ta AOCNIAKEHHA.

3BIT 4NA genaptameHTy eHepreTuku CLUA Bia 2010 poky

https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-19596.pdf

PNNL-19596

Prepared for the U.S. Department of Energy
under Contract DE-ACD5-76RLO1830

Evaluation of Conservation Voltage
Reduction (CVR) on a National Level

KP Schneider FK Tuffner
JC Fuller R Singh

July 2010

Pacific Northwest

MATIOMAL LABORATORY

roudly Operated by Ballelie Since 1965

2.3.1.3. Oscillating Fan

50
B0

Real Power Comparison

Reactive Power Comparison
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Figure 2.5: Voltage Dependent Energy Consumption of an Oscillating Fan
ZIP Values
Z% I% P-% Zpf | L-pf P-pf
Oscillating Fan 73.32% 25.34% 1.35% 097 | 095 -1.00
2.3.1.4. Liquid Crystal Display (LCD) — Dell
Real Power Comparison Reactive Power Comparison
s o
-
2 -2
g% 3
L] LT +4¢ —Pe ; - —_—(
;3 * Pm -5 & am
:: : . ..Av— . L3 L o o.
100 105 110 15 120 125 1T . + +
aits - volts

Figure 2.6: Voltage Dependent Energy Consumption of a Dell LCD

ZIP Values
Z% I% P-% Zpf | L-pf | Ppf
LCD -Dell -40.70% 46.29% 94.41% -097 | 098 | 097




VECT()RVS BUCHOBKW O0CAIAKEHHA

BnpoBagyeHHsa meTtoay Ha 100% ¢iaepis A403BOAUTb 3MEHLLNTU CNOKMBAHHA aKTUBHOI eHeprii Ha 3,04%

If the analvzed CVE scheme were applied to all of the non-networked distribution feeders in
the United States. with the exception of feeders represented by R1-25.00-1. the reduction in 3. Concludineg Remarks
energy consumption would be approximatelv 6.500 MWyt which is nearly the output of Grand -
Coulee Dam if operated at nameplate capacity for the entire vear.

Az with most rechnologies it 13 necessarv to use discretion when deploving CVE.  From
Section 3 if 15 clear that while some feeders do show improvement. it 1s minimal and would not
warrant the capital expenditure of a CVER system. Figure 4.1 15 a plot showing the percent total
benefit as a function of percent of total number of feeders. For example; it can be seen that if

This report has examined the benefits of deploving CVE and extrapolated those benefits to a
national level The CVE scheme implemented is 20 vears old and is in the public domain. but
newer proprietary methods are expected to provide improved results. The principle results
obtained from this analysis are as follow:

CVR is deployed on 40% of the total feeders in the United States, over 80% of the ial 1) The analvsis of CVE. as well as other smart grid technologies. requires the use of time-series
benefit can be achieved. In fact. the individual feeder results from Section 3 as well as Figure slmulanou.g. ] ]
4.1 show that CVR. deployment on only the heavily loaded. higher voltage feeders vields 37% of 2) The behavior of end use loads 1s more complicated than generally acknowledged. Voltage
the total benefit and only requires 10% of the fotal feeders to deploy CVR. dependent plulﬂ—stme models ﬂvjm be used. ] . )
3) CVR provides peak load reduction and anmual energy reduction of approximately 0.3%-3%
depending on the specific feeder.
Percent Total Benifits vs. Percent Total 41 When extrapolated to a national level it can be seen that a complete deplovment of CVER.

100% of distribution feeders. provides a 3.04% reduction in anmal energy consumption.
5) If deploved only on lugh value distribution feeders. 40% of distribution feeders. the anmal
Lo energy consumption is still reduced by 2.4%.
100% _—— §) Ina practical deplovment of CVE heavily loaded higher voltage feeders should be targeted.
) Loss reduction 1s not a significant benefit of CVE.

Number of Feeders in the United States

Percent of Total Benifit
g

0% 10% 20% 30% 40% 50% 60% T0% 80% 90%  100%

Percent of Total Fesders

Fizure 4 1: Percent Total Bensfit v=. Percent Total Number of Feeders in the United States



ECTORVS Pobouya rpyna |IEEE 3 po3pobku cTaHaapTy woao snpoBaaxeHHa CVR

* https://site.ieee.org/pes-vvtf

IEEE.org | IEEE Xpiore Digital Library | IEEE Standards | IEEE Spectrum | More Sil

@IE;EES Volt Var Optimizaton Working Group @IEEE

Power & Energy Society®

IEEE.org | |EEE Xpiore Digital Library | |EEE Standards | IEEE Spectrum | More Sites

@EEES Volt Var Optimizaton Working Group @ I E EE

Power & Energy Society®
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Welcome to the IEEE PES VoIt VAR Optimization Working Group Website!

The Volt VAR Optimization Working Group of the |EEE Pow iy Society Distribution Subcommittee is tasked with understanding how
new technologies such as distributed resources, renewables, plug in hybrids with their increased penetration in the distribution system will
impact volt/var control and optimization and how it needs to change in the future. Another area of focus is how the smart drid can benefit
from technologies such as smart inverters that can not only provide active power but also reactive power and thus provide volt/var
control. Along with the technology issues the task force will drive how industry standards need to evolve or shift to account for needed
technology and system changdes. The task force members are industry leaders, practitioners, students and academics with a common

professional interest in electric power and snergy. To join the IEEE and the PES, click here

CVR M&V Task Force

The CVR M&V Task Force is formed to “Investigate the data scenarios and M&V approaches across utilities in order to validate the need for an

IEEE CVR/VVO M&V Standard or Recommended Practice.” Details

OFFICERS AGEMDAS & MEETING MINUTES MEETING PRESENTATIONS
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VECTORYS

Pe3ynbtaT oCTaHHIX gocniaxeHb IEEE ctocosHo CVR

* https://site.ieee.org/pes-vvtf/files/2021/05/IEEE_CVR_VVO_MV _TF Report_final.pdf

Table 3.18. Summary of studied cases

IEEE Power & Energy Society
March 2021

TECHNICAL REPORT
CVR/VVO M&V

@&s 4 |EEE

Promar b brwg Scceey®

Measurement and
Verification (M&YV) for
Conservation Voltage
Reduction (CVR)

Prepared by The CVR M&V Task Force of Volt
VAR Working Group

4N

[ ]

CVR  Factor  Assessment

Utility/Project Type Year Method CVR Factor
AEP [6]-[11] Program 2014/2016/2019 Regression-based -
Central Lincoln People's | .
Utility District [12] Pilat 2013-2014 Comparison-based 0.43 {summer); 1.05 (winter)
EKPC [13] Test case 2019 Regression-based -
; 2012-2013/2017-
AIC [14]-[15 Pilat/P Ri ion-based 0.148-1.48
[141-15] ilot/Program 2018/2018-2025 FEression-has
Regression-based/Constant
ComEd [16]-[18] Program 2018-2025 CVR factor 0.8
Constant CVR factor/ 0.41-5.75 (residential); 0.19-
IPC[19H21] Program 2009-2016 Comparison-based 2.89 {[commercial)
PEPCO [22]-[23] Pilot 2012-2014/2018 Regression-based .
West Penn Power
Stud: 2012-2014 Regression-based 0.86
(¢ [22], (28] Y o
IPL[22], [25] Program 2012-2013 Comparison-based 0.85 (2012); 0.75 (2013)
PECO - Program 2009-2012/2013-2016 Regression-based 1.08
PGE [20], [29] Filot/Plan for program 2014/2018 Comparison-based -
SMUD [30]-[31] Test/Plan for program 2010-2014/2017 Comparison-based -
Duke Energy Ohlo 32k 20082016 Constant CVR factor 050-0.79
[34]
17 (2011); 27 (2012);
' 2011-2012/2015- Simulation-based ) '
Xeel Energy [35]-[37] Pilat/Plan for program 2020/2019 method/Statistical analysis 0.8(2019); 0.78 (2020);
0.77(2021)
A Utilities [38]-[39] Program,/Flan for 2013-2014/2018 Regression-based (Simulation- 0.833-0.881
program based
PG&E [40]-[41] Pilot/Plan for ram 2013-2016 Regression-based 0.6-0.8
Dermnonstration
SCE [42] Projeet/Plan for program 2012-2015/2019 Regression-based 1.56
GWP [43]-[44] Pilot/Program 2014-2015/2015-2018 Comparison-based -
IPSE [45] Program 2015-2016 Regression-based 0.475
Dominion A6] Program 2009-2011 Comparison-based 0.92
-1.13-11.38 (2014-2015); -0.43-
18N [47]-[a43] Program 2014-2015/2019 Regression-based 4.48 (2018)
PSE&G [50] Plan for pilot 2018-2025 Regression-based .
KCPEL [51]-[52] Demenstration Praject 2015 Comparisan-based 0.14-2.073 (overall 0.889)
?‘npﬂnk’“ [s3] Becei Program 2018 Comparison-based -

38

INRECA [54 | Test | 2012-2014 | Comparison-based | 1.04-1.05
NEEA [19] | Pilat | 2006-2007 | comparison-based | p.17-1.12

* No CVR factor was found




VECT()RVS PeryntoBaHHA Hanpyrm npmn CVR

1.3miHa 3a agonomoroto PI1H 2.3MiHa 3a gonomoroto [16B 3.3a ponomoroto KoHAgeHcatopis 0,4 KB

TRANSFORMER
........... SCADA

) TAP BCD100/26 COMPUTER

rrrrr

BAY
COMPUTER

.].}

VOLTAGE
REGULATOR

MEDIUM ,
VOLTAGE _

BUKOPUCTOBYETLCA B CUCTEMAX PO3MOAiNy BUKOPUCTOBYETHCA MO MiCLO BUKOPUCTOBYETLCA MO MICLLIO



VECTORVS BnavB KOHAeHcaTOpiB Ha piBeHb Hanpyrm(0,4 KB)

Po3rnaHemo rpadik momeHTy niaknodeHHAa KY Ha ogHomy 3 06’ €eKTiB:
y nig il y

PIBEHb Hanpyrm 3pOCTa€ 3 236’5 1c.1z.zc1707;-:944‘11542? Elmazcwn?:ogs4.s?szzn B © 0 ¢ & il war

10 238,5 (Ha 0,84%).PeakTuBHa NOTYKHICTL | el ¢
3meHwyeTbeA 3 270 go 150 kKBAp (Ha 120

KBAp).Tob6T0, Ana uUiei mepexki, Hanpyra ,\_%—_:ﬁ:%ﬁi
36inbwyeTbea gecb Ha 0,69 % npwu S e E—

AopasaHHi 100 KBAp peakTUBHOI il 1
NOTYXHOCTI. Kpim TOro, 3a paxyHoK [ RS VIN B WV A RO VR WMo WYE_ A BN Vo M. W

NiABULLLEHHA HANPYrX, CNOXUBAHHA T e o Tl i) s v e & ¢
aKTUBHOI NOTY}KHOCTI 36inbwmnnock 3 492,7 |“ —_— —

0o 498 kBT. (Ha 5,3 KBT, abo 1%). ol 1 —

TakUM YMHOM, NigKAtoYeHHA KY | R
NpPU3BeNo 40 3MEHLUEHHA CNOXXUBaHHA ——
pPeaKkTUBHOI NOTY»KHOCTi Ha 120 KBAp ,Ta T
3POCTAaHHA CMOXWUBAHHA aKTUBHOI s S t®
NOTYy>XHOCTi Ha 5,3 KBT. llepepaxyemo uey |7 JA
rpowoBuin eksisaneHT 120 kBAp*0,10 rpH — WMWJJWMMWMJ V!
Ta, 5,3 KBT*5 rpH. EKoHOMist 12 rpH 3a 492:..Z.Z_H‘L N
rOAVHY Ha PeaKTUBHIN NOTYKHOCTI, Ta |
36inbWeHHA BUTPAT Ha 26,5 rpH. Ha A e powr T e | 5 5 §

aKTMBHY NOTYXHicTb. TO6TO 36inbLIEHHA
CNOXWBAHHA aKTUBHOI NOTYXKHOCTI
NnepeKpmUBaE PO3Mip eKOHOMII.



VECTORVS Peryntotounin epeKT KOHAEHCAaTOPHUX MPUCTPOIB:

Yun € metogm ana ouiHku Bnamsy NKPI1 Ha piBeHb Hanpyru. Tak, ua iHpopmalia AOCTYyNHA, HANPUKANaAa, B
matepianax H0.C. XKenesko HaBOAATLCA HACTYNHI AAQHi:

MOTYKHICTb [inBuLLEHHA HanpyrK, %
TpaHchdopmaTopa, KBA. Ha 100 kBAp.
100 +5,5
160 +3,5
250 +2,3
400 +1,45
630 +0,9
1000 +0,59

Takum ynHom Bnams MKPI Ha piBeHb Hanpyru BU3SHAYAETLCA NOTYXKHICTIO AXKepena KUBJEHHA.
Hanpuknag, nigkntoueHHa emHocTi 300 kBAp ao tpaHcdopmaTtopa 1000 KBA npussee A0 NiABULLEHHA
Hanpyrm Ha 1,77%. A niakntoveHHa 600 KBAp go TpaHcdopmaTopa 1600 KBA nigHime Hanpyry Ha 2,21%.



VECTORYS

Bpaxosytouun nonepeaHi AaHHI, WoA0
BN/IMBY PEaKTUBHOI NOTYXHOCTI HAa piBeHb
Hanpyru. Lle ¢pakTop 060B’A3KOBO NOBUHEH
6yTn BpaxoBaHui npu BcTaHoBneHHi MKPI. Ha
rpadikax npaBopy4Y BUMIPOBAHHA Ha OAHOMY 3
NiANPUEMCTB, Ae piBeHb Gpa3HOI Hanpyru npu
BKNOYEHHI KOHAEHCATOPIB NiABULLIMBCA A0
3HayeHHA 251 B. Lle He TifIbK1n Npu3BognTb A0
NigBULLLEHOIO CNOXUBAHHA aKTUBHOI eHeprii, a
TAKOXX 3HAYHO 3MEHLYE TEPMIH eKcnayaTauil
BCbOroO NiAK/JKOYEHOr0 A0 MepeXi obnaaHaHHS.

To6TO B Cy4aCHMX yMOBax, Npu
BCcTaHoBAeHHi NKPI Tpeba BpaxosyBaTH
ICHYIOUYMI piBEHb HANpPyru, Ta NPOBOANTM 3aX0AU
3 MOro onTMMmi3au,ii, ANA OTPUMAHHA A0AaTKOBOI
CYTTEBOI €KOHOMII 33 PAaXYHOK 3HMXEHHA
CMOXMBAHHA aKTUBHOI NOTYXXHOCTI.

BpaxyBaHHA pPIBHA Hanpyru npu sctaHoBneHHI [TKPT1

Trend: RMS Voltage, Cers MDP

251V
250V
298V
247V

246V

01:01:55.340ms
RMS V1N Average

350ms 360ms 370ms 380ms 390ms 400ms 410ms

| Data arrived

Trend: Reactive Power Total (Auto) Min/Max, Cers MDP

450 kvAr

350 kvAr

250 kvAr

150 kvar

50 kvar

01:01:55.340ms
A Reactive Power Total Min/Max

350ms 360ms 370ms 380ms 380ms 400ms 410ms

Data arrived



VECTORYS

Po3paxyHok BcTtaHoBAeHHsA [MTKPI 780 KBAp 6e3 3HMXEHHA HAaNpyru.

3pobmmo po3paxyHoK ana TMN1600 KBA 6e3 3HUKeHHA Hanpyru. PiBeHb Hanpyrmn ao sctaHosneHHA MKPM 415 B.
licha BCTaHOBNEHHA, BUPIC A0 422 B, a came ronoBHe, 3a PaxyHOK NiABULLEHHA HANPYyru 3p0c/0 i CNOXUBAHHA aKTUBHOI
NOTYy*KHOCTi Ha 10,62 KBT Ha roaunHy, 36iNblLUEHHA CNOXMBAHHA aKTUBHOI MOTYKHOCTI NEPEKPMBAE PO3MIP EKOHOMIT 33
PAaXYHOK KomneHcauii peaktmBHOi(907 eBpO Ha MicALLb EKOHOMIA PEaKTUBHOI NOTYXHOCTI, Ta -969, BapTiCTb A0AaTKOBOIO
CMOXMBAHHA aKTUBHOI NOTYXHOCTI.)

TM1600 6e3 3H. Hanp.

BkazaHi TMNOBI 3HaUEHHA, NiACTABTE CBOT ANA HeobxigHux obuncneHs

CnoxuWBaHHA akTusHol enepril, P
kBT*roa/mic.

511000 @

MakcumanbHe CNOXWEaHHA

CNoXMBAHHA peakTUBHOT
enepril, Q kBAp*roa/mic.

365000 @

MoTy>HicTb cuaoBOro

peakTveHol noTyxHocti, Q max kBAp®roa TpaHcpopmaTopa, S kBA

530 @

CepedHe 3HaueHHA NinikHoT
Hanpyru B mepexi, B

415 @

BapTicTe akTwBHOT noTyxHocTi P,
rpH. 3a kBT rog,

5 @

BapTicTe peakTusHo! noTyxHocTi P,

rpH. 3a KBAp™rog

0.1 @

1600 v | @
MonoxeHHs nepemukada Ha
cTopoHi BH TpaHcdopmaTopa, %
25% v | @
SHUNKEHHA HaNpyri Ana
po3paxyHKy, %
0% v | @
MonoxeHHA NepeMyUkada Ha ctopowi BH
TpaHchopmMaTopa Nicaa peryarosaHHa, %

25 @

EkoHoMiA eHepril, Ha MicALb

Micna BCTaHOBNEHHA NPUCTPOD KOMMeHcaLil

@ AxTueHa

PeakTUeHa

Bapticte KPI, EUR

EkoHomia, EUR/mic.
907, eBpo
TepmiH oKynHocTi

PesynbTat o6umncneHb

@ CepeaHe sHaueHHA NiHIAHOT Hanpyry B Mepexi Mics BCTaHOBNEHHS
KY, B

© PekomenaoBaHUi piBeHb NiHIAHOI HaNpyrv & Mepexi, B
© PekomeHaoBaHa NOTYXHICTb NPUCTPORD KOMMeHcawT, kBAp
© CepeaHe 3HaueHHA HaNpyrM B Mepexi NICNA SHVKeHHA, B

@ EkoHoMia aKTUBHOI NOTy>KHOCTI, KBT/Toz

3aBaHTaxuTi B Excel

42 900,00

-62,50

-686,45 mic

422,76

390,00
780,00
422,76

-10,62



VECTOR\/S Po3paxyHoK BcTtaHoBAeHHA [TKPI1 780 KBApP 3i 3HMXKeHHAM Hanpyrn 7,5%.

Tenep 3pobmmo po3paxyHoK ana TM1600 KBA 3i 3HM¥KeHHAM Hanpyru Ha 7,5%. PiBeHb Hanpyru ao
BcTaHoBseHHA [NKPI 415 B. lMicha BCTaHOBNEHHA, Ta 3HUXKeHHA 7,5% popisHioe 391 B, a came ronoBHe 3a paxyHOK
3HUMXKEHHA HANPYrm 3MeHLWNA0Ch CNOXMBAHHA aKTUBHOI NOTYXKHOCTI Ha 32,76 KBT Ha roauHy, 3MeHLLEeHHA CMOXXNUBAHHA
aKTMBHOI NOTYXXHOCTi 3HAa4YHO 36inblIYE po3mip eKoHOMIT (907 €BPO Ha MicALLb EKOHOMIA PEAKTUBHOI NOTYXHOCTI, Ta
2989, eBpO BapTiCTb EKOHOMIi aKTUBHOI NOTYKHOCTI.)

Tr1600 7,5% 3H. Hanp EkoHOMisl eHeprii, Ha MicALb
BkasaHi TMNOBI 3HAUSHHA, NIACTABTE CEOT ANA HeobxigHux obuncneHs Micna BCTAHOBNEHHA NPUCTPORD KOMMNeHcaLLl
CnoxvBaHHa akTUeHO! eHeprii, P CnoxuUBaHHA peakTUBHOT @ AxtveHa PeakTueHa
kBT*roa/mic. exepril, Q kBAp*roa/mic.
511000 @ 365000 @
Bapricte KPM, EUR 42 900,00
907, eBpo
hMakcumansHe cnoXuBaHHA MOTY>KHICTE CUACBOTO ExoHomia, EUR/mic. 3 895,92

peakTMEHOT noTyxHocTi, Q max kBAp*rog TpaHcpopmatopa, S kBA

TepMiH oKynHocTi 11,01 mic
650 @ 1600 v | @
CepeaHe 3HaueHHA NiHiAHOT MonoxeHHA NepeMuKada Ha
Hanpyru B Mepexi, B cTopoHi BH Tpancdopmatopa, %
415 @ 25% v @
PezyneTat 06umcneHb
BapTicTe akTuBHOT noTyxHoCTi P, SHUMEHHA Hanpyru AnAa . L
. () CepeaHE 3HaUEHHS NiHIAHOT HAaNpyr B Mepexi NicaA BCTaHOBNeHHA 422,76
rpH. 3a kBT"rog po3paxyHky, % Ky B
5 @ 7.5% v @ © PekomennoBaHwWit piBeHs NiHiliHOT Hanpyry &8 mepexi, B 390,00
@ PekoMeHAOBaHA NOTYXHICTb NPUCTPOKD KOMMeHcauil, KBAp 780,00
BapTicTe peakTuBHOT NoOTyxHOCTI P, MNonoxeHHA NepeMyKaya Ha cTopoHri BH o o
rpH. 33 KBAP*roa TpaHCHOPMATOPa MiCAR PeryaoBaHHs, % CepeaHs 3HaUEHHA HaNpPYTK B MepedXi NicAA 3HUXEHHRA, B 391,06
@ ExoHomis akTMBHOI HOTy)l(HOCTf_. kBt/roa 32,76
0.1 @ 5 @

3aBaHTaxwuTh B Excel




VECTORVS AHani3 piBHA Hanpyru, npu 3actocyBaHHi metoay CVR

[Mpwn 3acTOCYBaHHI
meTtoay CVR HeobxiaHO npuainntu
ocobunBy yBary nposanam
Hanpyru, AKi iCHYOTb B Mepexi
nignpUeEMCTBA.

Ha rpadikax npaBopyy HaBedeHi
BUMIpPIOBAaHHA O4HOrO 3
NPOMUCNOBUX NIANPUEMCTB.

Ha rpadikax piBHA HAaNpyrm mMo»<Ha
BiACNIAKYBATU O4HE NepepuBaHHA
Hanpyru, TPy NPoBanun, AKi
NepeBULLYOTb 3@ CBOEID MNOUHOKO
iHWi(cKopiwe 3a BCe BUK/AUKaAHI
30BHiWHIMK NPUYNHAMM). TaKOXK
OKPEMO MOXHA 3a3HAUYUTU BE/INKY
KiZIbKICTb NPOCaA0K Hanpyru Ao
200-195 B, AKi obymoBneHi
3anyCKOM NOTYXHUX ABUTyHiB. Mig
4yac 3HMXKEHHA Hanpyru
060B’A3KOBO HEODOXiAHO BpaxoBaTH
Ui NpocagKu, Ta BXXMBATU 3aX0A4iB
ANA X 3MEeHLIEeHHA.
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Trend: RMS Voltage, PQZIP 18.05.2020 11:3%:36
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VECTOR\/S Tun MKPT1 npn 3acToCyBaHH] I\/\eTO,EI,y CVR

Ha rpadikax
npuBeaeHi BUMIPOBAHHA Ha
npomucaoBomy ob’eKTi nig
Yyac poboTH 3BUYANHUX
(KOHTAKTOPHUX) NPUCTPOIB
KOMMNEeHCcauil peakTUBHOI
NOTYHOCTI.

AK M1 moxKemo nobaumnTtu,
nig, 4ac KOPOTKOYACHUX MiKiB
CNOXWBAHHA PeaKTUBHOI
noTy»kHocTi(ao 1,2 MBAp)
3BmYamnHa NKPI He BcTMrae
KOMMNEHCYBATU LEeN HaKnA
CMOXMBAHHA, WO
NPM3BOAUTb A0 3HAYHOI
NpPoCaKu Hanpyru B
MepeXi. 3HMKYBATU HaNpyry
B TAKUX YMOBaXx AyXe
Hebe3neyHo, TOMY LWLO
3HAYHO NiABULLYIOTbCA
MMOBIPHICTb BiAKNOYEHHA
obnagHaHHA BHACNiAO0K
HeA0CTaTHLOro PiBHA
Hanpyru

n0408 2019 22:33:49.079936 | : IOGOS 2019 08:12:38.860211

# [ Resolution: [N

Trend: RM5 Voltage, CC MDP 4
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Trend: Reactive Power, CC MDP 4
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Trend: Active Power, CC MDP 4
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VECTOR\/S Tun NKPI npwn 3actocysaHHi metoay CVR

y 36“1 bLLIeHOMy 05.0820'\901:03:16.379727 E05.08‘201901:03:31‘543342 n E.‘-‘ A0 Wy A
MacLiTabi MOMEHT NycKy 3 T RMS Vokage C MDP 4 +8
226V

nonepeaHbOl CTOPIHKNK
(3BnyamHi KY B pobori).

220V
CnoXnBaHHA peaKTUBHOI
NnoTy*KHoCTi 6ina 1145 kBAp. | . D
BOHO € OCHOBHUM YNMHHUKOM 2 2 2 2 2 =S

A RMS V3N Min/Max

3HUXKEHHA Hanpyru 3 226 oo
214 B Ha 12B (5,6%). T RS Curent. CCMDP 4 -
J10AaTKOBUIN CTPYM 3 MEPEeXi | ** = — =
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Trend: Reactive Power, CC MDP 4
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VECTOR\/S Tun NKPI npwn 3actocysaHHi metoay CVR

AHaNOriYHMM 3aNycK o |

NicNs 3aMiHMN 3BUYANHUX,
KOHTaKTOpHMX MKPI1, Ha
YCTaHOBKW ANUHAMIYHOI
KomneHcauyii 780KkBAp.
CnoXXnBaHHA peaKTUBHOI
NOTYXHOCTI B MOMEHT NYCKY
6nn3bKo 447 KBAp(npoTtu
1145 KBAp). (ycTaHOBKa
MMUTTEBO BKAKOYMAACA HA
NOBHY NOTYXHICTb i
KOMMeHCyBana 3Ha4yHy
YACTUHY PeaKTUBHOI
MNOTYXKHOCTIi). 3HMXEHHA
Hanpyru 3 232,5 0o 229 B Ha
3,5B (1,5%). Takum 4ynHom
piBEHb NPOCaAKN HanNpyru
3HUMKEHUN Binbll HiXK Y 3
pa3n. logaTKkoBui CTpym 3
MmepeXi nig vac nycky 1100-
400=700A, 3meHLWMnBCA Ha
500A.

11.02.2021 11:45:28.556485
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Trend: RM5 Voltage, PQZIP 11.03.2021 13:51:54
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Trend: RMS Current, PQZIP 11.03.2021 13:51:54
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Trend: Reactive Power Total
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VECTOR\/S MoaentoBaHHA PIBHA HANPYrM B mepexKi nicaa BctaHoBAeHHA [TKPIT

Ha rpadikax npasopyu
BifobOparkeHi BUMIipAHI
napameTpu Hanpyru Ta
CTPYMY(4OPHUM KONIbOPOM),
Ta MOAENOBAHHA
napameTpiB mepexi npu
3HUXEHHI Hanpyru Ha (5%) i
BCTAHOBJ/IEHHI
weunakoaitoyvoi NMKPIM. Ha
rpadiky HaNpyrm MoxkHa
NOMITUTK, LLLO BCTAHOB/IEHHA
wsnakoaito4voi MNMKPI
[,03BONAE 3MEHLLNTU
npocaaky ao 385 B, B
NOpiBHAHHI 3 365 B, AKa
byna paHiwe, TAaKOX NiKoBe
3HaYeHHS CTPymy
ameHwwnnoca 3 3,5001,5
KA. To6TO 3anpoBagKeHHA
wsmnakoaito4voi MNMKPI
N03BONAE BE3NEeYHO 3HU3UTH
Hanpyry Ha 5%, Ta
ctabinizysatu ii.
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VECTOR\/S ETanu BMNpoBagXeHHA NMPOeKTy eHepro36epe>HeHHﬂ

1.MonepeaHin aHaNi3 NOKa3HMKIB 32 AONOMOIO0 KanbKynaTopy okynHocTi MKPI.

2.Mpuv NO3UTUBHMX NONEpeaHiX PO3paxyHKax, NPoBeAeHHs HeobxiaHMX BUMiIpIOBaHb, aHaNi3aTOPOM Knacy A ans
NigTBEPAKEHHA nonepeaHix AaHUX, YTOYHEHHA PiBHA NPOCAA0K HAMNpPyru, AKi iCHYIOTb B MepeXKi.

3.AHani3 npoBeaeHUX BUMiptoBaHb. HagaHHA 3BiTy 3 ypaxyBaHHAM YTOYHEHUX AaHUX, Ta TEXHIKO-EKOHOMIYHOr0
06rPYHTYBAHHA BNPOBaAKEHHA NPOEKTY eHepro3beperKeHHs.

4.BnpoBaarKeHHs NPOeKTy eHeprosbeperkeHHA(po3pobKa NPoeKTy NiAKAUYEHHSA, 3aKyNiBAsA, BCTAHOB/MIEHHS Ta
NycKo-HanaaKa obnaaHaHHA).

5.MpoBeaeHHA BUMiptOBaHb, Ta MiAroToBKa 3BiTYy, W00 peanbHUX NOKA3HUKIB eHepro3bepexeHHs NPoeKTy.



VECTORVS BUCHOBKM

1.BukopucrtaHHa metogy CVR B NOEAHAHHI 3 LWBMAKOAIKOYMMU NPUCTPOAMU KOMMNEHCALT PeaKTUBHOI NOTYXKHOCTI A03BO/IAE
CYTTEBO MNiABULLUTN EKOHOMIYHUN ePEKT Bif, BCTAHOBAEHHA NPUCTPOIB KOMNEHCALi, Ta B A€AKMUX BUNAAKAaX CKOPOTUTU
TePMiH OKYNHOCTI NPOEKTy A0 1 pOKy.

2.HaBnaku, BCTAHOBNAEHHA NPUCTPOIB KOMNEHcaLii 6e3 ypaxyBaHHA iX BNAMBY Ha PiBEHb HaNpyr1 npu3BoanTb 40
3BOPOTHbOTO epeKTy. 3SMEHLEHHA CNOXKUBAHHA PEAKTMBHOI NOTYXXHOCTI NepPeKPMBAETLCA 30iNblLUEHHAM CMOXUBAHHA
aKTMBHOI NOTYXHOCTi BHAaCNiAOK 3pOCTaHHA Hanpyrn. OcobanBo Ue BAAETLCA B3HAKM B Cy4aCHUX YMOBaAX, KOIM BapPTICTb
AKTMBHOI NOTYXHOCTI 3p0OC/sa Ay»XKe CYTTEBO.

3.Haibinbl nepcnekTMBHUMM 3 TOYKM 30pY ePEeKTUBHOCTI BNIPOBAAKEHHSA LLbOro MeToay € 06’€KTU B AKUX € HACTYMHI
O3HaKu:

3.1.MNiaBuweHn cepeaHin piseHb Hanpyry, smuwe 1,05 Un.
3.2.CepenHe 3aBaHTa)keHHA TpaHchopmaTtopy Big 30%, a Kpawe suwe 50%.

3.3.HaAaBHA MOXNUBICTb 3HUMKEHHA HAMpPyru.

4.Kpim 3HMKEHHSA CNOXUBAHHA PEAKTUBHOI Ta aKTMBHOI NOTYKHOCTI Lie MeTo/, A03BOJIAE CYTTEBO CKOPOTUTM 3HAYEHHA
NiIKOBOrO CMOXMBAHHA NiANPUEMCTBA(B cepeaHboMY Ha 2% Ha 1% 3HMKeHHA Hanpyru).Lle ao3Bonse oTpumaTtm
NOAATKOBUIN pe3epB MOTYXKHOCTI, Ta MOXK/INBICTb BCTAHOB/IEHHS HOBUX BUPOOHUYNX NiHIM.
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