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Smart Grid ready capacitor bank control
Automation and Efficiency

Presenters: Troy Hedlund Product Manager
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Trends in VAR control

Business drivers Business objectives
* Regulation imposes new * Unity power factor minimizes
requirements with the overall goal of losses & minimizes
reducing energy consumption & purchased kW
demand + Reduced voltage profile minimizes
« Energy purchase savings purchased kW:
« Demand peak shaving 1 % reduction in voltage results in 0.5

to 0.8 % reduction in kw

* Renewables & EV’s

Functional objectives Technical requirements
« Manage feeder VARS to a settable *Monitor & control substation &
target feeder capacitor banks (cap bank
controls)

« Manage voltage to a settable target

- Flat voltage profile * Monitor end-of-line voltages to

avoid violations (smart meters,
sensors)

Solutions to improve grid efficiency
E:T-N
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Generic Utility Electrical System

Volts (V) x Amps (1) = Watts (or Kwh)
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Energy efficiency
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Power Factor Improvement

* Release system capacity
* Eliminate VAR flow
« Mitigate power factor penalties
* On demand VAR support

* Increase KWh sales with
Improve feeder voltage profile

* Reduce energy purchases
while maintaining system
power quality

Intelligent solutions improve distribution system

voltages & power factor
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Energy Efficiency

VAR WORKSHEET
POWER CAPACITOR APPLICATION

12 % reduction per feeder

- Power = KVA
| MW MVAR MVA Factor savings Amps
Original | 5.000 2000 5 385 0928 1249336
Corrected 5000 0800 5064 0987 321.569 234447

| Feeder Line Impedance: Line Loss”Released KW capacity

//\\ —
S ;@7
(ohms} due to line losses Y

Conversation Voltage Reduction

E:T-N
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Conservation Voltage Reduction

soo0 | 30842 \i ,>
5000 274827 36.015 ®

Generation Savings
Reduced Carbon Foot Print

INVOICE

Substation Substation kW Capacity
Voltage Power Losses Released -
Factor (kw) iy ooy s
126 0.879 466 n/a
123 0.994 377 na Unexpected
Power Factor
Penalty
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Operational Algorithms Supporting Automation

ctern

Per?neperature * 3-phase V&l Metrology, Analysis & Operation
\Voltage * Remote Operation from Automation

Current  Communication Loss Fail Safe modes

Kvar ( Power Factor )  Renewables Penetration Issues — Eaton’s
Neutral Current Alarming & Lockout Co- Generation Mode is an answer

E.T-N
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Communications

Protocols
DNP 3
DNP3 SAV5
TCP/IP
UDP
TLS1.2
» Communication Modules
> RS-232
» Ethernet
» Ethernet Option with “POE”

YVVVVY

Example Radios
» Cellular (Public Network) — Sierra Wireless, Cisco, BlueTree,
» Point-to-Point (Private Network) — MDS/SD9, ELPRO, Tropos, MiMoMax
» AMI Providers (Mesh Networks)

E.T-N
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Communications Data log

9o Comms Log 2013-10-30-034502.csv [Read-Only] - Microsoft Excel = ® =
Home | Insert  Page Layout Formulas Data Review  View a@ @@ =
“'E] I B General - [E Conditional Formatting = g=Insert = X - % ﬁ Level O
=l Ba- $ - % »  [EFormatas Table - B Delete - | [~
Psle g | B 7 U- I ) Cel Styles ~ Biromat- | G- s coees
Clipboard 3 Font [} Alignment S| Mumber Styles Celis Editing °
AL - fe| Level v
A B c D E F G H 1 J K L M ?
1 Level Time Stamp Data %
2 Llevell  10/30/2013 19:15 DNP Message Frame sent
3 Level3 10/30/2013 19:15 Raw Data 05 64 FF 44 E8 03 04 00 68 BC 0D 00 01 28 00 01 0A 00 01 0A 00 01 00 00 01 00 93 C6 00 01 98 FE 01 00 00 01 00 001
4 Levell  10/30/2013 19:15 DNP Message Frame sent Level 1
5 |Level3 10/30/2013 19:15 Raw Data 05 64 BS 44 E8 03 04 00 7D AE 8E 00 01 3D 00 01 3D 00 01 00 00 01 3D 00 01 3D 6C CB 00 01000001 3D 0001 3D OI
6 Levell  10/30/2013 19:15 DNP Message Frame sent L4
7 Levell  10/30/2013 19:15 DNP Message Fragment sent
8 level2  10/30/2013 19:15 Raw Data 05 64 14 C4 04 00 E8 03 37 D1 EO C1 01 3C 02 06 3C 03 06 3C 04 06 3C 01 06 A4 68
9 Llevell  10/30/2013 19:15 DNP Message Frame received
10 Levell  10/30/2013 19:15 DNP Message Fragment received Level 2
11 Level 3 10/30/2013 19:15 Raw Data 05 64 FF 44 £8 03 04 00 68 BC 4F C1 .81 00 00 01 01 00 00 76 01 00 00 00 00 00 AB 49 00 00 00 00 40 20 00 00 00 0A ( _—
12 Levell  10/30/2013 19:15 DNP Message Frame sent °
13 Level 3 10/30/2013 19:15 Raw Data 05 64 FF 44 E8 03 04 00 68 BC 10 01 00 00 01 00 00 01 00 00 01 00 00 01 00 00 C3 AF 01 00 00 0100 600100 000107
W < | 800000000 Comms Log 2013-10-30- ¥ [T« i » 1
Resey | Eomwo o= Level3
°
()

IP Address, port
and connection
status

DNP message
statistics

Raw hex incoming

Raw hex outgoing

No longer will utilities today need to deploy special routers in the field near the
CBC to troubleshoot messages being sent to the capacitor bank control

Saving time and money

E.T-N
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Solving Renewable Challenges

Problem:

As customers see more and more renewable
penetration on their feeders, reverse power
flow caused be Distributed Energy
Resources becomes a real possibility that
customers must account for

Customers need a robust solution that
accounts for this use case

E:T-N
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Co-Generation Mode

Allows for a CBC-8000 to
operate correctly when it

sees reverse power flow

due to Distributed Energy
Resources (DER)

© 2023 Eaton. All rights reserved.
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Normal Power Flow

Power

Flow
Source (KW and KVAR) > VAR Load

E.T-N
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Reverse Power Flow (Bi-Directional)

VAR Load - Source (KW and KVAR)

» Generally caused by line
reconfiguration/back feeding
* For this use case we will want to
' use the Bi-Directional reverse
Power Flow mode

Reconfigured substation source



Reverse Power Flow (Co-Generation)

Power
Flow
Source (KVAR) - DER (KW) and VAR Load
At
) « Caused by Distributed Energy
‘\ Resources (DERS) generating
1MATF more KW than is needed
B downstream

e VARSs are still sourced from normal
generation sources

 For this use case we will want to
use Co-Generation Mode

KVAR sourced from Sub; KW sourced from DER



Cyber Security

E.T-N
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Trends: Increased Emphasis on Cyber Security

* Access Alarms

« Communications Encryption
« TLS Encryption, certificates

* DNP3 Secure/SAV5
« Secure Supply Chain

* Unique Device Password
 |IEEE 1686

* Role Based Access

« Audit Log

« Etc

E.T-N
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Trends: Advanced networking solutions

AT 00
C 111011100001110111
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Trends: Advanced networking solutions

Problem:

As Field Area Networks get larger
and more complex, utilities are
looking for ways to intelligently
and securely manage networking
for an increasingly large number
of devices

o101\
_ 110111000011101 1100

Communications engineers are
looking to proven IT technologies
to help solve this problem

EF.T-N
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CBC-8000: One Untagged Interface

PV NXG/IMS

Both SCADA and Engineering (ProView NXG and IMS) use the same
untagged interface

* No additional 32-bit tag is added to the frame

«  The vast majority of implementations of the CBC-8000 use this setup

Most common deployment




CBC-8000: One Tagged Interface

[ All traffic on VLAN100, tagged

PV NXG/IMS

Both SCADA and Engineering (ProView NXG and IMS) use the same
tagged interface (100 in this case)

« 32-bit tag is added to the frame between the source MAC address and the
EtherType fields

SCADA

CBC Traffic segmented from other traffic



CBC-8000: Two Tagged Interfaces

DNP3 SCADA on VLAN100, tagged
VLAN1OO IP: 10.10.10.10/24

DNP3 NXG/IMS on VLAN200, tagged
VLAN200 IP: 192.168.1.10

PV NXG/IMS
192.168.1.100

SCADA and Engineering access each have their own
separate interface and unique VLAN tag

SCADA
10.10.10.100

One physical connection for two separate networks




CBC-8000: One Tagged Interface Use Case

DHCP Scopes

WEST — VLAN100 — 192.168.100.0/24
EAST — VLAN200 — 192.168.200.0/24
CENTRAL — VLAN300 — 192.168.300.0/24

Western Area CBCs

PV NXG/IMS

Eastern Area CBCs

DNS Server
(x) Populate DNS with DHCP hostnames Central Area CBCs

E.T-N
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CBC-8000: Two Tagged Interfaces

[
NiT=N =r=rom
— > 11.11,11,0/24
172.15.100.1
., 10.1010.1"
P:172.16.1005 1WDE
DG:172.16.100.1 WLAN 200 - Enginesring Aceess Ethl
= R 172.32.100.0/24
- Ethernet Radio
IP:10.10.10.5 -
DG: Requires Static Route
GND )
Engineering
Network/PCs

One physical connection for two separate networks
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Trends - Work force Efficiency
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CBC-8000 & Eaton’s Control Family

Form 7 F4D SPEAR CL-7 CBC-8_000
Recloser Recloser Control Single-phase Regulator Control Capacitor
recloser control Bank
Control

COOPER POWER
SERIES

T.N' COOPER PO;I!RIIEE%

E.TeN CoFerPopR

'Fl."rm'“.'u =

COOPER F‘DWER
E TN comerp

ProView NXG

GridAdvisor Il
Fault Indicator

Please select your desred comrol | CBC-B000

ran
Flease sl your desired langusge: Cik

CL-T

CBC-B00

SPEAR Cowired
L
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Eaton Control Family — Fleet Management

| XS
E ‘T. N COOPER POWER
a SERES

ProView NXG

Pz ety ke ook 1
B st e s bogunge g nkes St

s

SECURITY SERVER

Eaton’s

PASS-

EVENT CONFIG PASSWORD
I M S PHROSGH MANAGER MANAGER MANAGER

MANAGER

Software

ENTERPRISE GATEWAY

DATA
HISTORIAN

Common platform — consistent look and feel
Unified software — ProView NXG
Simplified training and operator familiarity

Eaton’s IMS Software — asset management and
Fleet management for Eaton controls, and
competitors' controls.

Yukon IMS Software- Firmware Management,
Setting Management, Password Management Audit

logging

Form 7 Advanced Recloser Control

E.T-N
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CL-7 Regulator
Control

11." COOPER PQW"EEIE

FToN comoum

CBC-8000 SPEAR 1ph GridAdvisor 11
Capacitor Control Recloser Control LTE/Band 26
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CBC-8000 Models

Base Catalog/Model Number

«  Many mounting options available Standard Lead-time

8-12 weeks
«  C8002xxx $1399/ea. USD
(no comms card)
¢ C8024xxx $1425/ea. USD
(w/Serial port)
*  C8020xxx $1598/ea. USD

(w/Ethernet port) ETO Radio integration

Common Lead-times

* Custom ETO Radio solutions 8-14 weeks

Manufactured in Minneapolis MN, USA

E.T-N
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Questions
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