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Introduction

Utility of the Future

. L. .. T Technology Interactions With Grid Elements
Decarbonization - Decentralization - Digitalization
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Data Generation

Devices
Managem ent & Storage

Source: _ ;
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Maximum Asset Utilization Maximum Asset Interaction

Connectivity - Scalability - Automation

Reliability - Climate Resilience - Easy Restoration
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Challenges

Distribution Challenges

Radial system — Dx not designed for multiple Gen
« Rural Feeders - “Long, weak, light” (Volt-Var issues)
. Technical Limits — Protections, capacity, reverse flow
Planning Tools - : Load Flow / Dynamic / Transient
Tx Constraints — Dx Back-feed, R.E not dispatched
Tx/Dx Code Overlap : How does this work?

Solutions
Technical limits
P&C - Impedance relays, anti-islanding, wireless T/Trip
VAR enhancements; Bi-directional Line-Regulators
Smart Grid solutions to further facilitate R.E

o
o
.

Probabilistic Real-time
Decision Support Systems
* Multiple Services

e Customer Focussed
¢ Risk Based

» Resilient Infrastructure

* Climate Change, Gas-Power Mix

* Micro-Grids, Energy Storage

* VVisual Realization, Smart Analytics

* Intelligent Load Management, Renewables
¢ Distribution Automation, Conservation
¢ Distributed Sensors, Telecom, IT

» Generation, Transmission, Distribution, Utilization
* Electricity, Gas, Water
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Moving Forward

Feature Today’'s Dx Grid Smart Grid
Components Electromechanical Digital
Power Flow One-way Two-way
Billing Single Tariff Multi Tariff, Time of Use
Generation Centralized Distributed
Network Topology Hierarchical Peer-Peer, Adhoc
Sensors Few Everywhere
Visibility Blind (Dx) Self Monitoring
Restoration Manual Self-healing
Reliability Forced Outages Adaptive, Islanding

Maintenance

Reactive

Pre-emptive

Testing

Manual / Local

Self-check / Remote

Load Management

Over-Provisioned

Demand Response

Control

Centralized

Distributed / Localized

Customer Relations

Broadcast

Peer-Peer, Portals
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Planning & Operational Scenarios

DER Impact on Grid
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1. DER Hosting Capacity Not Uniform across Feeders

Strict Penetration Limit (Before and After)
r ‘ Feeder Base Case Max. Penetration w/ Upgrades
PV (%) |PV(MW)|Cost (k$)] PV(%) | PV(MW) | Cost(k$)

DER Hosting Ca pacity 1 29.7 1.0 0.0 167.9 5.9 60.2
2 29.7 15 0.0 197.1 10.4 325
3 53.6 2.2 67.9 264.7 10.9 149.3

4 349 1.2 0.0 134.5 4.8 22.0

Feeder 5 43.7 2.0 67.3 193.7 8.7 96.8

6 389 2.6 0.0 219.6 14.5 78.5
Length 7 36.9 1.9 0.0 92.7 4.7 131.4

Type 8 23.8 1.4 0.0 129.2 1.6 2.0
Ph-Bal 9 19 0.1 0.0 161.3 8.1 21.0

10 12.8 0.3 0.0 62.9 1.6 27.5
C ont rOI 11 39.0 2.0 37.2 61.0 3.1 178.3
O 12 8.0 0.7 37.2 11.9 1.0 118.7
Load 13 2.9 0.2 0.0 104.9 5.8 150.2

14 15.9 15 0.0 18.0 1.7 33.0

. Smart

Automation 15 20.0 1.6 0.0 76.0 6.2 215
Profile Controls 16 5.9 0.5 59.7 63.9 5.2 167.1
Type 17 17.0 2.0 0.0 104.9 12.1 31.0

18 429 2.8 0.0 336.7 22.2 25.0

\_________ 19 25.9 16 74.0 67.8 4.1 80.0

L J 20 44.9 2.7 0.0 184.6 11.0 2.5
Notes: AVERAGE 26.4 1.5 17.2 132.7 7.5 71.4

* The above does not include battery deployment
+ The above feedersrepresentdifferentvoltage levels
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2. Not All DER Locations Optimal for Grid

- Create potential power
congestion

* Increase line losses due to back
feed

- Create voltage management
issues

- Rob additional potential DER
capacity

- Require additional grid

investments

M8

DER Location Optimization




3. Managing Bidirectional Real and Reactive Power

Real P Operating Issues 0GCC: Equipment Issues e
€al Fower “p” S G-y Saturation/Losses
’_@ NMS T Voltage Regulation Q T: ;
. — ools ——g ap changer rating
Rea Ct Ive Powe r Outage Mgmt Cap Switching — Derating / Aging
ULTC
o= SN T, DG Status T/C — auto-manual whas ; TS Harmonics
S : ~ ~ Y
X K Support Field query : New DMS K % Breaker:
High > Nz Interrupting low PF
) N _ “Q» /] R 5 A T
System Issues Daily Gen-Load balance T D6 o - P set” ¢ Capasihe S
ol ' ' ' b : Neutral Reactor:
— — DG << Load EN(I“: iT: EX: r
! BIU i 9 18 18] LA:
Prot \ DG=load | T — , - .
w T ‘ 1 @—3c+ | Communications with DGs Short Circuit: | Equipment Ops Bus Capacitors:
) M g DG >> Load Data Analysis (SR g o Ememr p 1 . ok
Higher N Y B i Isolating DGs 3PH, L-L, L-L-G, L-G Tap Changer/Reg/DG Cap Rating, Switching
ey /] A . :
Q 3¢ L T ? ‘ Vi:]ac:i;sc e PF or Voltage Mgmt geu"ta' Grounding Bus Caps/DG Cap
R g o ' sssmad Over voltages due to delta HV
_1¥—/ B 3% 5] | PF violations by DGs 9
Fdr _Fd ﬁJNE % " EMLE ks | -
Prot Prot | : 5 E’YT“; :"T" i Rural Feeder Issues | DS Transformer:
6 ! @ ! ® | Safety/Isolation/WP Issues, . —— | Off-Load Taps
Nacial volt S | fesmonogen]| e R e G e ‘ Off-Load Taps | Hyd. /Slow reclosures ‘ O Flows?
odal voltage profi =l : “pr - T e W
g 1 @—3& | Iransfer Trip ___EM [Mso i ‘ “P" and “Q" Flow issues? I_Reclosure vs DG clearing | Roverse ‘P
Maintain PF | eeeeessed = ; _ eld Pro ‘ ve
.a|.mém [ Open Point Change Single Phasing Condition LHV Fuse Poord | Line Reclosure:
Minimize Losses B.B Feader O w . | Other cevices | Guarantees - =
-B Feeder Ops | (S B | Capacity

Reclosure / Anti-Islanding | Aux. Contacts

Adj Feeder Trip High “Q" [T " T i?bf‘ Blk Recl ‘
- w %] | Line Requlator:

° . ° J., “J,.,D ) \.L “L ... 3 _. _ [ “Uni vs. Bi-direction”
Bidirectional P & Q flows due to | 1y o Tl f ineCaps 80T
DER output and Load s | | j e T

[
Ratings. Issues ?
Capacitive Charging L Unidirectional

Grounds/Procedure
Current Presence check . LDC

Impact of RS capacity upgrade
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4. Managing Voltage Regulation Due to VRE Generation

Voltage Regulation

Transmission Dlstrlbutlon Load 2 Load 4
7!2 10 MW 10/5
- (’\5 1
L=42: G=32 Load 1 Load 3 Load 5
L=19: G=32] 52MW 2MW 10/5 MW 10 MW 10/5 MW

.\.‘—o—

No Gen 1 pu —.ﬁ
Max Gen @ Ma
Load

Max Gen@ 1 pu
Min Load

Voltage P.U.

1.015
1.01
1.005

0.995
0.99
0.985
0.98
0.975

Voltage Profile Without DG

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Distance Km

Voltage PU

DER location, its power output
and load points are all
interactive on nodal voltages

Workshop On Utility Digitalization And Performance Improvement In A

Voltage P.U.

0

Voltage Profile With Full DG penetratiof

Voltage Profile with 2*9MW DGs near to TS

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Distance Km

5 10 15 20 25 30 35 40 45 50 55 60 65 70

Distance Km
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5. Automatic Tap Changer on MV and LV

Transformers to Control Voltage

110 kV 20 kV 20 kV 0.4 kV 04kV

Primary : F Secondary :
sibetabion Medium voltage grid subistitic Low voltage grid ro—
it Outside of the voltage band feed-in
+104%

2% voltage rise from feed-in - -
+50 # 300 voltage rise from feed-in
20 kV 0.4 kV

110 kV 20 kV

0% s Primary . . Secondary .
\ sibitakion Medium voltage grid S ibiation Low voltage grid e
£ O . Outside of the voltage band B
5% 506 voltage drop 5% voltage drop = +10% ket in
< 2% voltage rise from feed-in

-10% : : 50 :
- Qutside of the voltage band Maximum e 11% voltage rise from
load feed-in

0.4kV

Deviation from rated voltage (in %)

00

E ' 59 voltage drop

-10%

- Many Dx transformers

* Increased investment on upgrades

Deviation from rated voltage (in %)

Maximum
load

Outside of the voltage band

- Increased tap-changer operations
- Tap changer wear and tear
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6. Impedance Feeder Protections Enable More DER

Feeder Protection - Short Circuit In-Feed Feeder Protection - Apparent Impedance
TS infeed to 3ph fault (at extended feeder end) Apparent Impedance at TS to 3ph fault (at normal feeder end) 28 Km
900 - 15.0
5 7 [ Feederimpedance can increase by up to 18% for a 30 MVA DG
+ (connected at 34% of feeder length)
, r%m 14.5
: . Up to 18%
14.0 9 i — compensation
800 w i ! required
2 E 135 § : -
E 9’ L % 20 MVA DG-13.18
- c 13.0 + |
o o : :
= x 20 MVA DG-735 @ + ‘
- Q. I |
& = 12.5
L N i E&MVA{X-HZ 12
i R X abe
120 + : T
C 4 MVIA Ne .44 84 et
: 1l TIVIVAT O O" T 10 Bm—- 11.77
Feeder infeed can reduce by up to 20% for 30 MVA DG 11.5 B ';
(connected at 42% of feeder length) L ;
- 11.0 # ‘ — T . ‘ . ‘
e T R 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Distance - TS to DG tap (% of total extended feeder impedance) Distance - TS to DG tap (% of total feeder impedance)

Overcurrent protection not suitable for some DER locations.
Even impedance relays need compensation due to DER short-circuit infeed
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7. Power Factor Control Essential for Feeder (X/R)

Reverse Power Flow - X/R = 4.0 Reverse Power Flow - X/R

=1.4

(Strong Feeder)

Ly
X/R=1.4 DF pf=1.0 Reverse Flow in % of Transformer MVA for XiR =1.4, DG pf=0.33
1

rse flow in % of transformer for X/R=4 pf =0.99 118 —
rs former for /R 15 11
08 P — — — — (‘\ 114 /
108 i —reem
— ~ T ==
PO
1065 s 1.045 2 3 —
/ p'dccwuge? 75 Bus Vo roe / pf 0.93 ead
i / £ = = tabsorb
; 1.058 ;' \\ 104 VA Rs )
LY \ Re: Lyt DG pf=0.
35 \ 055 i
03 105 </.—_ ‘
P a @ = o0 EY i i i i i . . ~ EEL\;::":“E‘
Reverss plow {In % of tranaformer) 4 5 b b 0 o 1045 =
— g ﬂw(in%‘:{mnslurme] rrrrr ) i ’ ) = . \ pf:O 90 Iead
pf=1.0 f=0.99 lead (absorb VAR ‘ (absorb VARSs)
pf=0.99 lead (absor s) : N ~
g 103 ;

Very Sensitive to Power Factor Variation
Voltage will bounce around

Ravi Seethapathy

Higher DER Penetration requires wide

Power Factor Control
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8a. LT Solar PV Limits - Heavy Urban Load

CESC Feeder Load Flow Analysis

100.00

90.00

80.00

70.00

60.00

50.00

40.00

DT percentage loading (KVA)

30.00

20.00

Percentage of solar injection V/S DT % kVA Loading during Load Flow

1 Preferable Limit Thermal Limit
1 86.6 86.6

Without Solar 0% 20% 40% 60% 80% 100%
== (8 AM -11 AM 11AM-01 PM  =l=01PM-04 PM  =l=04 PM-07PM

s e -
- - .‘\-

Crsily MasxMiniAvg [in M) >

Duck Curve Needs Flattening

High seasonal variation difficult to manage
Solar PV limit 40-50% of DT - 70% with active DR
Solar PV back feed should be limited to 60% of DT

TPDDL Feeder - Load Flow Analysis**°

Percentage increase in RTPV connections (based on DT kVA) V/S percentage of DT Loading (kVA)

140 —
Preferable Limit
Thermal Limit
120 1503 112.7
.g
% 100 -
= 100.3 PQ) Limit
= 92.9
g 80+
- 77 66.7
= i -
A 63.2
= =< 57.4
& 58.3 48.3 - e
2 - 43.8 Y
=¥} A _ N
g 40 5.5 = 364
. b35.2 | — 359
3 29.9
20 28
. 203 Preferable with Active
2 DR (Demand Response)
0 | I | | 1
0% 20% 40% BO% 80% 100% 120%
= 36.5% Load 50%DTLoad  —@—75% DT Load 100% DT Load ~ =—m=100% DT Load
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8b. LT Solar PV Limits - Light Rural Load

AEML Feeder Load Flow Analysis

Percentage of solar injection V/S DT % kVA loading during load flow
400.00 —
350.00 33177 Preferable Limit Thermal Limit 343.16
300.00 A
250.00
200.00
150.00

100.00 -

50.00 .
5227 DR (Demand Response)

0.00

s e -
- - .‘\-

Without Asis 20% 40% 60% 80% 100%
Solar Analysis 126Kw 252Kw 378Kw 504Kw B30Kw

Analysis 100KW

04 AM - 07TPM

=8 AM - 11AM 11AM - 01PM  =i=01 PM - 04PM

« Duck Curve Needs Flattening

« Lightly loaded feeders need lower PV limits

« Solar PV limit 40% of DT - 50-60% with active DR
« Solar PV back feed should be limited to 50% of DT

UHBVN Feeder Load Flow Analysis

Percentage of solar injection (w.r.t. DT kVA capacity) V/S Feeder (kVA)

Lellint Preferable Limit Thermal Limit
1700.00
1355.26
1500.00 1546.06
1300.00 PQ) Limit
=
= 1100.00
"5 937.12
'-% 900.00{ g5
F 706, ; 4 1
200.00 4 532.45 e 548.46 . oy \_\_\_\
649.01
500,004 680.49
300.00 Preferable with Active
403.60 ' 409.30 64.00 DR (Demand Response)
100.00 T T T T T 1
Without Solar 0% 20% 40% 60% 80% 100%

el 8 AM -11 AM 11 AM-01 PM === (0]1 PM-04 PM = ==lll=(04 PM-07 PM

Workshop On Utility Digitalization And Performance Improvement In Africa - 12-14 February 2024 - Cape Town, South Africa 15




9. Smart Inverters Enable More Renewables

[cieto it oy deto: |
t Volt-Var Mode 1
m et a PV.,’.;,"“ strict PMa*timt“f" How Can Advanced Functions Help Isolated i
W 4 Penetration enetration . p . v
$ Liiiit Limit Grids - Dynamic Reactive Power (DRP)
1 . ATTAN AT nm
First results T M N ©h
0 anywhere in eedgr butonly in oA . \ 3 / - [~ =
] n ra x ) feeder, n; . certain Iocarpns, '.- ) W[thout DRP / ) ‘\ /‘
Issues expecte: interconnection .
study required ‘g"' = V /
e -
Voltage Maxima per Operation Point /\ % @
‘ 2 "_ s :l ' Transformer or
. e ‘/ % u3 :'m; ! Substation
v 110 g L o p
2500 o PR HIr o Violation AR A
< > o8 FET AR Threshold
~ 108 . pm;;a ' |
:;, ' "r"iﬂ‘ﬁ'- PV can't be added
~ 2000 ) il [N anywhere on feeder.
5 1.06 j!l‘ y Fa:;t !.scblsse to © Her Majesly the Queen in Right of Canada, s represented by the Minister of Natural Resources, 2018 .
= ' ional . _________________1
% ~ .ol
"E L latural Resources lessources naturelles ey
: |& ‘g-0. o Bol one o Canada
5 1500k SN RN
B
8 102 PV Penetration VoltVar Mode 1
LY -
2 1000 How Can Advanced Functions Help Isolated 1‘0
® . . i v
& 1,00 Grids - Dynamic Reactive Power (DRP) N\
- (N AR A
" . £\ A1y £
~ L PR L e % ; With DRP s 9 il B il B
Pt o : V. v WV
oL\ PF ;-1;-9‘-‘\(&9&9%%@_] 09
0 1000 2000 3000 4000 5000 _@
Active Power Production (W) o

Substation

- VAR Management is key to maximizing PV

« Smart Inverter must inject VARs when . |
needed e Canadd
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10. Hybrid Smart Inverters Enable Customer Choice

Self generation displaces load growth
/A\ /ﬂ\ /A\ T » Dx capex deferral on upgrades
« Help utility in peak management
Hybrid inverters enable:
- PV, Storage, Backup Gen.
« Var control
« EV charging

T

I
»
opt
JC
i
ot
e

[————]
How It Works
POWER FROM GENERATOR %
(1) POWER FROM BATTERY
L 1] )
~— - POWER FROM PV ARRAY ——>
ESS UTILTY GRID i) POWER FROM UTILITY GRID ——>
888
L = \
) 4 _
TO STANDARD ¢ ¢ O —) FOTRESS
HOUSE LOADS POWER
VAN STORAGE
SERVICE BATTERY
PANEL
™
. - __ .
SELECTED LOADS TO KEEP ‘( o 2 SSSSgSSSSg===-
RUNNING DURING ==
POWER OUTAGE —
up STANDBY
SERVICE GENERATOR
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11. Energy Storage Helps Everywhere

Energy Storage Applications
Grid Energy Storage Systems (ESS) and Applications
Other Netwark
Load LE"’F—'“”Q @ Spinning Reserve Genar\aﬂng
,J_\ 100MW 4 h ,J., Uninterruptible Power Supply Ca acity
[~ Response<1sec b= 10-100 MV 0.25-1h P
N he Response < 1 sec : ¥
—!'l-— — Other Loads
Central 275 - 400 kV High Voltage Transmission Network —
Generation H'EEW
Q) Industry
E Power Factor and Peak Shaving
@ Frequency voiage Suppot S (=3 | B osomw <1n
Regulation 0.5-50MVAr 0.25-4h L . Responseisec
1-50 MW 0.25-1h — RESPOHSE =0.1sec ';:;a:' (=)
Response = 1 sec LA
Distributed . Remu!;?—
Integration of ommunity or
Generation B rerevavies = P Industrial gite
Solar 7y 1-100 MW 1-10h S
Arrava (D Response<isec | & Distribution Network 3
. - F = 33 kV Nl
T : l:' Y -
|\ & ho Iy — — S
o oa TN T+ Voltage Support £ ) E )
A 0.5-50 MVAr 0.25-4h E Load Levelling for = mergency
Wind I | at% Response < 0.1 secs c Postponement of Back-up Supply
Farm & Grid Upgrade 10-50 MW 0.25-10h
| | — = 1-10MW 6 h Response 5 mins
132 kv Response <1sec
33 RV 132 kV Light
T 1 '”dis._t_ry
Distributed Micro-Generation { Low Voltage Distribution '
Off-Grid Renewables - 11 KV = m
Time Shift iy |
and Levelling m_!ﬁ! “"\" ; -~
M H Alleviates Grid Congestion ™, ; = ! L
¢ ESS Is cu rrently expenS“’e S5-10kW 2-24h . . ' Micro-Generation Feed-In
Response 2 secs L9 Residential @ 1-2 MW 1-10h
® AII i It t. Response <1 sec
OWS a non-wires aiternative

- Defers Dx near-term capex expenditure
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Prosumer Growth on Utility’'s Technical & Financial

Operations

CONSUMER - PROSUMER / \
y - T~y — Technical
i Upgrade balancing tools to offer better reliability
Prosumers Will Grow - Do Not Fight the Trend Add Flexible Capacity (VPP, DR, CDM, ESS)
RE Affordability and Govt incentives SEE Ly LIERIL Pl2ifari
_ — Support Retail Energy Trading
Offer tools to reduce consumer bills

Exchange of electricity in the physical energy transfer layer

4 )

Financial
Reverse revenue loss with non-regulated services Prosumers Seeking Energy Independence

Monetize Prosumer capex (loans, supply chain)
Engage with customers towards their sustainability

L J
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Household with rooftop
solar panel without

battery Trading of energy in the virtual energy trading layer




Key Takeaways / Recommendations

(No “One Size Fits All” solution to DER additions \

* High Penetration of DERs > 40% requires careful grid planning studies

* Long, “weak”, rural feeders require more capital upgrades to add DERs

* The “network value” of a DER is based on its size and location
* Feeder-end DERs rob other DER hosting capacity
* May decrease network power flows and increase line losses

* Var management is critical for power quality

Q_imit DER reverse power flows to 60% of upstream transformer /
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Thank You

Any questions?
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