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Synergi Electric Vision
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Reliability

DER modeling

= Easy to use

= Easy to understand

= Fasy to access
= Consistent

= Comprehensive

= Extensible
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What is Synergi Electric
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i CEMI / CELID
Category Details Plan
0 . ..
= Costs Plan Valid Description
+ Subs
i+ Feeders Mewville 5P 32 Yalid
i+ Switches / Protection Mewville SP 35 Invalid
S Newville SP 22 invalid ||
Circuit / Cable Col = Repair Costs - -
e Weather 353% | Newnille SP 37 Invalid
i+ Mitigation Costs . .
Ckt 1 B o1 Ship SP 03 Valid
BKV 4/0 Conc. Neut. Ship Proposed 09 Valid
Ckt 2 B 150 _
15KV 2/0 Conc. Neut. Switch steps
Stey Switch Na...  Switch ID Operation
Ckt 3 114 P L
15kV 1/0 Conc. Neut. Stepl KZ_3204 Subsctll44  Open
Step2 KZ_3216 Subsct0143 Close
e 75 Step3 KZ_3214 Subsct0142  Open
15KV conc. Heut Stepd SW 22630 22630 Cl
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Types of systems
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Powerful tools for engineering simulation & analysis

T = = Synergi Electric £.0.1 - Issued to DNV GL Mechanicsburg Map = | = 8
- Model Analysis Capacity Planning Protection DER Performance Reliability MNetworks Tools Forge Macros Views Support Display Mavigate Build 0
= 3 %
Dperatio F enta Time Color By : Feeder
Map-1 (@] Color By : Feeder
Unfed
2 O 1 7 800538 WD
= 800539_WD
Search 802931_CE
Sarn 802932 CE
a Fp Network - 802933 CE
Feeders Section 44316492 44316502 OHP 802934 CE
o Mod 802935_CE
odes Result A/AB B/BC 802936_CE
Sectil ¥
4/ Sections Volts Out 151 1170 191 171 1191 802937 CE
Subtrans 802938_CE
Amps Into 149 162 B3 124 162 802939 CE
kVA Into 1087 1202 475 921 2701 E T
e ofp
A Areas of Interest
Breakers
[F] capacitors
B Fuses E / Edit general section properties
K (@) Large Customers Construction
i
o) Meters Properties General
/ Projects Section id: 30677040_605662438_OHP (R
B Reclosers Load - Dist LD
2 & Regulators Feeder: 802938_CE
& [ switches Load - Spot Substation: GRAPELAND_CE
= @ Transformers Load - Praj From / to: 30047726 / 605662436
4 Unfed
,C?’ . Locations / Groups Load - DTran Description: 30677040_605662438_OHP
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Results presented on
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Results presented on reports

Load-Flow - 1 (Feeder Summary)

Source Pct Ldg Amps Volts | Connected Loss
Id Cnt  Emr Max % Imb Neut | Avg |c.Cust ckVA kW %
DNV-GL i I - - - T - -
§02937_CE 0 0| 81| 545 6390 1673 6606 97| 280 a4l 33| 12354 1594 13414 6301| 4187 8| 139
B §02938_CE 0 0| 08| 375 4193 31| 404 100 199 1576 37| 12306 1175| 6893| 4154| 3022 3 082
g:’ggﬁfl'g §02939_CE 1| 313| 690| 649 6871| 2454] 7296 94| | 177 64| 12456) 1860 11760 6550 4349 321| 468
GRAPELAND_CE Totals 3| 315 N/A| N/A| 53301| 17768| 56185 95| N/A| N/A|  N/A|  NJ/A| 13982| 102574| 52509| 41874|  792| 149
> Run Summary
Feeder Summary Feeders for LAWRENCE_CE
SubTran Summary 805131_CE 0 0] 651] 631] 6018 1467| 6195 97| 335| 2808 134] 12457 1540] 14368 5994] 2727 5[ 04l
Voltage Summary 805132_CE 0 0| 515 450| 48ad4| 1857| 5225 93|  227| 259 3| 12410 1073 13204| 4844| 5509 4 o083
Exception Emr Summary 805133_CE 0 0| @31 827 7455 2418 7837 95| 302 209 21| 12374| 2345 17032 7342 4609 113 151
Exception Cnt Summary 805134_CE 3 0| 7| 31| 87| 835 &9 99| aa1| 301 179 12434| 2632 21319 8138| 3243 89| 108
805135_CE 2 2| 760 676| 4821| 1151] 4957 97| 80| 3230 92| 12307| 963| 10402 4794 1206 % 057
Load and Gen Summary 805136 CE 0 0 836 730 7744| 2018 8216] 04| 368 542| 30| 12381 2483 15502| 7667] 6561 77| 099
Loss Summary 805137_CE 0 0| 78] 701| e670] 2058 6981 96| 209 175 10| 12460 1758| 12690 6610 5904 61| 041
Fdr Sub Demand 805138_CE 2 2| 774 80| 5863 1668| 6096 96| 200 1230 56| 12380| 2520| 13193 5783 5393 80| 136
Fdr Sub Volts 805139_CE 0 0| 174 164| 1808| 327 1926 99 87| 739 4| 12240 0| 3000] 1892 665 7 035
Fdr Sub Amps 805140_CE 0 0| 322[ 302 3550 806| 3670 97| 160 203 3| 12270 1| 6000[ 3530 1236 0 057
Edr Sub SendOut LAWRENCE_CE Totals 7 A|  N/A|  N/A| 57141 15505| 59231 96| N/A| NJ/A| NJA| NJA| 15315| 126800| 56603| 37233 530|004
Fdr Sub LTC Feeders for NATOMA_CE
Fdr Sub MinMax 805235_CE 0] 688 611] 6680 764| 6723 90| 206 503 23] 12400] 932[ 11720] 6633 2076 4] 062
Fdr Sub Out Loading 805236_CE 0 0| o89| a&72| a7z 2834| 9161 95| 414| 642 46| 12400| 1690 20180 8623 7800 88| 102
Meter Summary NATOMA_CE Totals 0 0| W/A| N/A| 15392 3598| 15807 97| N/A| N/A| N/A|  N/A| 2622| 31900| 15262 9876| 130| 084
> Facilities Feeders for DOUGLAS_CE
Large Customers 806141_CE [ 0] 0] 624] 6l9] 6/76] 3099] 7451] 91| 328] 586 40| 12439] 1267 18287] 6733 5622 44| O064]
Load - Connected
i Load - Distributed Feeders for TAMIAMI_CE
> Load - Spot 800131_CE 1063 0] 408 355 4159 1361] 4376 95| 189 5484 17] 12881 490 10355 4145] 1349 U] 033
Lasses Details 809132_CE 1130 1| 414 360 3134| 2386 3939 80| 191 17.30 43| 12702 1419| 1203 32| 1395 12| o039
Feeder Details 809133_CE 1596 0| 64| 57.7| 6220] 1816 6479 96| 306| 1536 65| 12881 1275| 11950| 6166 7179 54| 086
h : 809134_CE 807 0| 501 482 5749 1800] 6025 95| 256 302 16| 12702] @60 1295 5710 4411 40| 069
Protection - Devices 809135_CE 348 0| 18] 27| 6:3| 1795 6467 96| 219 457 18| 12702] 1554| 15204| 6142 7094 71 114
Protection - Pickup 809136_CE 230 1 @m0 780[ 8815|2666 9210 96| 413 925 50| 12702| 2027| 23890 8722| 7925 o 106
© Balanced Results 500137_CE 1387 0| 770 683 7845| 2071| @&3ag 94|  362| 1020 44| 12880 1358 16200| 7724 5707| 121| 155
» By-Phase Results TAMIAMI_CE Totals 6561 2| W/A| NJA| 42135 14795| 44657 94| N/A| N/A|  NJA|  NJA| 9892| 102578| 41730] 36059|  405| 096
> By Voltage Range
b By—Phase Min/Max Feeders for LATIN QUARTER_CE
810031_CE 28 0] @10 @08 ao05| 2502 0275 96| 428] 1068 67] 12580] 2300[ 12421 8a60| 6431 45 050
» State Results 810932_CE 0 o] 96| 669 6876 2239 7231 95 355 2122 126| 12488 2604| 13273 6836 4777 40 0.58
> Sequence Domain 810933_CE 0 0| 670 670 7713 1436| 7845 98| 33| 067 47| 12556| 3405 15160 7643 1380 70 oo

DNV GL © 2013 DNV-GL



Synergi Electric integration

Intranet

SYNERGI™
ELECTRIC
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Engineering analysis challenge

Usability ‘

)

Valuable
Engineering
Results

FIexibiIity! — Scalability
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The scale of PV analysis

e Subs (hundreds)

e Feeders (thousands)

e PV (thousands)

e Customers (millions)

J
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PV analysis risk

DATA ENTROPY

The addition of more and more data which leads to a
wider array of uncertainty and degradation of confidence.

Private and confidential
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Distribution systems are big, complex, and data intensive
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Three types of solar installations modelled with Synergi
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Each section can host PV

BC=2>q
Section / Edit generation information
Construction
Properties Distributed generation
Generation is on
Load - Dist
Description:
Load - Spot
Load - Proj Type: | Residential Solar
Load - DTran Controller: ’Standaldlnverler
Zones A B c
Rated k\W: 20 00| 00
Coordinates Rated pf % 1000 | 1000 10007
nre Capacity factor: 1.0 L
Results
Renarator coteot

DNV GL © 2013 DNV-GL



Wind and battery

R

@ Edit DER profile properties

DEEER

) 4 months are the same

Profile of generation or storage. Daily Avg: 99
[ Verified
Generation / Storage - % of rating

100

&
&0
@
2

a

o

-

&0

80

g

12345678 3WNRBUGIETBDLZAN
(-

(0) Discharge

(O Charge

DERProfile | Battery Schedule  +

oad following

() Ramp rate reduction

Discharge  Charge

20

Ramp rate: 10 %/min
Load lead: 1200 1000 | ki
Min discharge level: 33 %
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Inverter Controls

o

Inverter: Standard Inve R
=D + 0

-‘D Edit general inverter properties

Description: [ Verified
Trip peints for standard inverter Velt / watt function
Volt trip Frequency trip Generation mode - Start volts: 12300 o
High: 128.00 High: 60.50 Generation mode - Max volts: 126.00 E =
—l
Low: 112.00 Low: 99.50 Storage mode - Start volts: 120.00
—
Other settings Storage mode - Max volts: 125.00
Time delay (sec): 10
Volt / var function
Watt gradient (%/sec): 100
Max volts for max vars: 114.00
Var gradient (%/sec): 200
Deadband start volts: 118.00
Deadband end volts: 122.00
Min volts for min vars: 126.00

DNV GL © 2013 DNV-GL



Time of day loads and weather

b C=2> +
—
Load Curves & Eit the customer dass load aurves
Information
Coincidence 1 Gen
Cold Load Month / Day Type
Economics
1 2 3 4 5 6 7 8 910111213 14151617 1819 20 21 22 23 4
Hour
& foply | (X Cancel
hommmwmmaqhommgwmgr
L T T e = T = T S B o - T [ u
e B B T~ S SR TR T T Y S R T P - R R
= = o o~ r

BC=>

50

1
B4
127
190
253
316
379
442
505
568
631
694
757
820

ED Edit general weather profile properties

Profile Type

) Humidity

Irradiance affects the output from solar generation.

Temperature
Wind speed

Irradiance

Irradiance - % of maximum

January
February
March
April
May
June

August
September
October

Movemnber
December

1 2 3 4 56 7 8

Hour

]

38

1072

1135

1198
1261
15324

Daily Avg: 27.3

[ Verified

9 10 11 12 13 14 1516 17 18 19 20 21 22 23 24
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Feeders demands, AMI, metered values

Meter !] Edit diurnal meter demands
Demands
Profile J;gféﬂj;r
Dist Gen
April
Reliability May
June
Zones me
Augu
Info SepgtE:her
I Results October
MNovember
December
(5] Minday
(g‘:&" Peakday 01-05 2100 -
O Weekda
v-l
ey — 11-05 21:30
‘39@9’ ‘39@9’ 11 -0& 06:00
‘é ‘é 1 2 34 5 6 7 8 91011121314151617 1819 20 21 22 23 24 }1‘%%:3
rd rd
~ ~ Hour 11 -0& 0700
Hour 460 3211486 4753045 3 1-06 07:30
Hour 461 3493 333 575.3995 3§ )1 -06 0800
Hour462 | 4378.625 9855362 4302.279 9683524 A4165.855 937.6463 2790415
Hour 463 5134 468 1278.507 5176.838 1289.058 4774567 118889 3715755 2014-01-06 0&:30
Hour 464 505673 1282264 5143383 1304.237 4793.087 121541 464.1095 2014-01-06 08:00 s
Hour 465 4462913 1134375 444315 1129.352 4196.886 1066757 556.6435 2014-01-06 09:30 |_|
Hour 466 3698.404 BBE.2853 3700.982 B8BB.9055 3449671 8285454 6653171 2014-01-06 10:00
Hour 467 3628.369 9017231 3632.094 902.6491 3500.673 869.9881 1317.981
Huur-isa 3340.394 B44.5736 3410.103 862.1986 3250.179% 821754 1383.428 2014-01-06 10:30
our R = R . R . .
Hour 459 3056.515 757.3527 3172.307 786.044 3034.892 751995 1989.276 2014-01-06 11:00
Hour470  2588.766 532.577 2608.761 534.6253 2520.662 516.5708 2320.974 2014-01-0611:30
Hour 471 2655728 586.6564 2663.326 SBE.3348 2533708 559.7022 1976.279 2014-01-06 12-00
Hour 472 2689.007 4748821 2699.653 4767621 252895 4456157 1558.449 2014-01-06 12:20 i
Hour 473 2756.33% 4060237 2771.88 40B.312% 2648516 390.1407 1104.377 A E 1 200
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Single day analysis
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Single year analysis
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8760 Analysis
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Multiple year analysis

22 DNV GL © 2013




Time-series analysis
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Fault and fault flow analysis

MNococooococmooa

i
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PV Analysis

Randomly adjust PV output

SubTran
ID ID Avg

o il i o il il o o
Mewville 1 7665| 6004| 77SE| 1752 23| 5110
Mew - Liberty 2783 2321 2822 501 18| 2420

Mew - Springfield 4738 3573 4797 1224 26 49,50

Mewnville 2 9373 7142 9495 2353 25 49,60
Mew - Big Spring 4563 2349 4684| 2335 51| 4440

Mew - Cove 4678 4678 4688 10 0 16.20

Ship sub1 4154 2232 4281 2049 49 37.70
Ship - South Penn 4060 2156 4186 2030 50 36.80

Ship sub 2 4756| 2416| 4934| 2519 53| 4130
Ship - West Martin 4655 2339 4831 2492 54 46.50

Color By : Results

PV_Ans
Volts_Range

Color Scheme:

265-2.26
2.26-1.86
186 -1.47
147-1.07
1.07 -0.68
0.68 -0.28
Out of Range
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DER Applications

Analysis

RETTTT
Model

iR
L'E ]

Capacity

w 0O Yo

- - - - -

Planning

nare«cuse[iuuuul g

Farikies

2 daset

Faeders |~ dusry
=

[ 4 Tookox | 1H¥Legend |

Ready

78l SynergiElectic 6.0 - lsued to DNV GL Mechanic

Capacty

]

Frotection

Protection

P

DER

Performance

Reliability

ST ] - - -
shurg o)
DER | Feformance  Relabibdy  Nebworks b Forge M Support  Displyy  Nawgale  Buid
s
™ 1) a2

TC White City 401432 Sum2015D... - <DUWS>

M NoWhat

* > NoGrawtn

Metworks
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PV Saturation

Meonths to analyze: Hours to analyze:
Maonth
January Start5am  End: 10 pm
-1

(Drag to change)

(Drag to change)

December

Grow PV and evaluate over time

27 DNVGL®© 2013 DNV-GL



PV Impact

Run Summary
= All Suddenly On - LTC

g .C' IEI o0 D Mormal Load

n | Impact | Screener Hosting Studies Workshe - . Light Load
. . L Turn PV on and off in various B AR T
Distributed Energy Fesources Ways_ = All Gradually On - LTC
Mormal Load
Impact Light Load

[+

';' Run pv impact analysis.

All Gradually Off - LTC
Unit On/Off - Feeder

[+

= Unit OnfOff - Sub
Generator Mormal Load
Feeder Type Desc D Light Load
= = e = = 5 = Unit On/Off - Sub Tran

Ship - West Martin | Generator |Gen 5_4353132848 |5 4353132848 | 226|  30.2 8 Unit On/Off - LTC
Ship - West Martin | Sect DGen |37153 37153 26| 227 0 Unit On/Off - Volts
Ship - West Martin | Sect DGen |37196 37196 26| 226 0 :

-
Ship - West Martin | Sect DGen |37255 37255 26| 226 0 # Unit On/Off - Losses
Ship - West Martin | Generator | Gen 52540 36057 26| 346 12 = Unit On/Off - Caps
Ship - West Martin | Sect DGen |37469 37469 26| 226 0
Ship - West Martin | Sect DGen |37465 37465 26 226 0
Clivm  Wark Bdamdbim | arma Tord |hdlard Crambis A~ IOEATT IR 20 1

Transformer or Regulator

Feeder Facil Type Desc ID
i i i o il
Ship sub 2| Tran PM115/13 10MVA | Tran Subsct_0131 [Subsct 0131 | 3 |

DNV GL © 2013 DNV-GL



PV Screener

. tos  rorge  wacos  views  suppot 1 EVAlUAte PV at a specific location over specified

> @ @ 05 @y @ @ ( months and hours.

alysis Saturation Impact |Screener|Hosting Studies Worksheet Pla

- - - - -

Distributed Energy Resources

Screener

D Run pv screener analysis,

B C=> R

f 'D Settings for PV screener

Generation Max Line Ldg Max LTC Rev Flow Max

kKW Pct Pct FailHrs Pct FailHrs P

PV MW: 10.00 7 7 7 e ¥ 7 e ¥ 7 7 ¥ o
0 o[ 552 0] 552 0| sa7 0
Hours before failure: g 1000 10 473 0 473 0 54.7 0
_ 2000 200 392 0 392 EE 0
Hours before warning: 4 3000 30| 315 o 372 0| 439 0
Masimum LTC tap (1-16) " 4000 40 284 0| 463 0| 390 0
5000 50 360 0| 553 0 342 0
Maximum LTC deviation (1-16): 3 . - - L

7000 70] 514 0 732 0| 248 0 51.4 124

8000 80| 591 0| 821 0| 204 0 501 1016

. 9000 90| 6648 0| 910 o[ 179 0] 179 246| 66.8 1736

10000] 100 744 0| o938 0| 225 0| 225 1067| 74.4 2363

DNV GL © 2013 DNV-GL



PV Studies

ge Macros Views Support Display

Mavigate Build

O,DIEI&-DO?‘!\&

pact Screener Hosting|Studies|Worksheet Placement Time Series

- * -

Distributed Energy Resources

Analysis =

PV Screene Studies

@S Run pv studies analysis,
hC=> 3

'66 Settings for PV studies

(2 PV multiplier @ Pt pf

) Inverter

Evaluate strategies with PV:
* Increased penetration
* Power factor settings

* Inverter settings

Cazel 200 50.0 Standard Inverter
Case? 3.00 85.0 Inverter 2
- Feeder
Case 3 4.00 -85.0 Inverter 3 D
5.00 -80.0 Standard Inverter o o o o of o
_ Cosed Newville 1 6.7 597 6.01 6.03
: Mewville 2 711 712 116 718
Ship sub 1 2.20 22 2.26 227
Ship sub 2 248 249 248 243
Mew - Big Spring 233 234 236 237
Mew - Cove 4,68 4,68 4.70 4,70
DNV-GL
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PV Hosting - Grow to feeder exception

Calculate

Summary
Feeder Peak Demand
1D MI  Customers MW Time
o i o i i o i i i i
Feeder Mew - Big Spring 1332 1345 10.21 4,29 42.0 6.04 |Movernber Weekday 4 p.m. 417 [July Weekend 5 a.m.
Feeder Mew - Cove 5.36 526 10.04 10.04 100.0 5.93 |October Weekend 7 a.m. 410 |July Weekend 5 a.m.
Feeder Mew - Liberty 6.65 1213 735 617 839 5.07 |Movember Weekday 3 p.m. 2.28 | August Weekend 11 a.m
Feeder Mew - Springfield 20103 2283 9.87 6.91 0.0 5.64 |October Weekend 7 a.m. 4.23 [July Weekend 5 a.m.
Feeder Ship - South Penn 1388 920 7.90 2.75 34.8 486 |October Weekend 8 a.m. 3.05 [July Weekend 5 a.m.
Feeder Ship - West Martin| 2801 3353 7.94 277 349 519 |October Weekend & a.m. 2.75 |July Weekend 5 a.m.

* Peak demand

* Peak PV production

Grow to exception

Gradually add PV to circuits

e Stop when exceptions are found

Overload Exception Reverse Flow Exception
Pct Facility MName Pct Facility Name ID

o i i r i o i
Feeder Mew - Big Spring 6.00 3.59 2.70 45 -0.89 e - --- el --- ---
Feeder Mew - Cove 5.20 217 1580 305 13.73 = =
Feeder New - Liberty 4.10 0.77 9.30 224 8.53 ===|]== == == 62.0 |Feeder Mew - Liberty
Feeder Mew - Springfield 5.50 1.59 6.60 120 471 103.2 |Fse Fuse 55731 55731
Feeder Ship - South Penn 4.70 315 3.60 76 045 103.7 |Fse Fuse 52308 | 52308
Feeder Ship - West Martin 5.00 40m 5.70 115 169| 1027 |Fse Fuse 53822 |53822

DNV-GL
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PV Hosting - Stochastic

* Roll the dice for size and location
* Profile for residential and commercial systems
e Run multiple profiles

|
DNV GL © 2013 DNV-GL




PV Hosting — Incremental capacity

e Maximum PV on each section
e Hours & months

Color By : Results

B3 PV IncHost
Gen_Max_MW

Color Scheme:
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PV Hosting — Incremental capacity

» Results pushed into a database

July Weekend 10 1 1568.40664726875 Line
July Weekend 11 1  1568.40664726875 Line
July Weekend 12 1  1568.40664726875 Line
July Weekend 13 1 1792.46473973572| Line
July Weekday 9 0  2016.52283220268 Line
July Weekday 10 1 1752.46473973572 Line
July Weekday 11 1 1792.46473973572 Line
July Weekday 12 1 17592.48473973572 Line
July Weekday 13 1 1792.46473973572 Line
August Weekend 9 0  2016.52283220268 Line
OvldExcPct - | HWExcPct -~ RevExcPct - DeltaVItPct - |1
. . 102.681317451678 o o 0
- Hourly hosting capacity 10278845455 7566 0 0 0
L L 0 0 0 2.12806510503761
° HOUI"IY Ilmltlng faC|I|ty 0 0 52.3743699104772 0
o 0 53.8475214801406 0
0 0 53.7469150492224 0
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PV Hosting - Incremental capacity by hour

SECTION 36989 HOURLY HOSTING CAPACITY
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Ways to run analysis

Engineering applications

Batch analysis

EA Automation (Full model -> Analysis -> Database)

Solver (COM programming API)
Python
Macros
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Thank you

Larry Trussell PhD EE
Senior Principal Electrical Engineer — Synergi Electric

Larry.trussell@dnvgl.com

www.dnvgl.com

SAFER, SMARTER, GREENER

Private and confidential
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