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Thought for the Day...
Are Utilities Keeping Pace?
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Modernization leverages the application of state-of-the-art
technologies to meet customer and operational demands
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The Time is Now...
Policy and technology advances are pressuring

the current electric infrastructure system.
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Policy Driving
Shifts

» Federal, state & local policy
and community initiatives.

» Aggressive renewable
portfolio standards and
incentives.

* New investments in electric
generation ($1.3 Trillion* by
2035) are changing where
generation is located —
more local and more
distributed.

* New investments in gas
infrastructure ($400 Billion*
by 2035).
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Infrastructure
Delivery

* Electric delivery sector is in
need of major reinvestment
($1.0 Trillion* by 2035)
driven by asset
modernization
(replacement, cyber-
security).

« Climate change is causing
more frequent and severe
weather events and a need
for more resilient
infrastructure.

» Critical information for
optimization and
prioritization to enable
policy for market demands.

Technology & Customers
Driving Shifts

» Customers are dependent
on energy to enable their
daily lives and businesses.

» Customers are accustomed
to getting more and
seeking more value.
Affordability and reliability
are expected.

* More diverse customers
with evolving needs.
Technology is reshaping
and playing a major role in
their lives.

nationalgrid

HERE WITH YOU. HERE FOR YOU.




| [
'COOKS POMD. \ PdmtSwiteh-NO || A8 Phe
Transformer Moniter | A A s

Worcester Smart Grid —
Distribution Automation

e, o

WORCESTER

c

Smart Grid Devices
OH Grid Devices

@ Recloser |
(@ Recioser-NO i
© capacitor .
@ Faurtincicator . 4 A
@ Feeder Menitor .‘» B
| @ Tronstomernontor |
| UG Grid Devices \
Pdmt Switch | i

o/
General Legend
OH-#of Phases B Substsion
— oo

|Smart Grid Devices
OH Grid Devices

© Fecioser

@ Recioser-NO

© capactor

[| @ rounmsestsr =

@ Feeder Monaor

General Legend
OH-#of Phases B Susstnen
—_— L e @ Transtormar Monior
UG Grid Devices

B romionen =

FS
UG-8 of Phases

S e

rompta

% I LB T T .;' ] pami swich-no
R | 1 e —
! he | = T

IRV (& nationalgrid]

nationalgrid

HERE WITH YOU. HERE FOR YOL.



e e W . T e —
Mote{s): Legend:
1. B ol ey Cusiomens. serices will nood U b neworked e
acocermadiin tha rea undenground sordos ltemis ._@ s conretic A K Ehoe S oed G roua)
AS0kMA

NY-

Potsdam UG Microgrid

2. The: clepinenl connerions nng based upon e ocations of
e vaations. Road © Cusiomor's: (o tho vanou s “ponceation”

= S10 tha undeeg that need 0
bz instalied whibs malntaining the Sicop” desitaton design,

X Thea soiichgear wad arblmnly delacied for the
TN tio o Dharherad Circuiis)]™. Thezs wern shawn bo
pomand uk Bl for noemad configu raton oposalion, Lhal tha

Urahtrpreinsd Evaptban o for Loy
ATkl LA

Urciorpround Dbt on for
errrawe

Swsithgoar wih roosal eerkl
R

rarst ner
s Fedl] i

crnhan wil Do supplying e lond,

[ [ @r
T
Customar I o o
kA, E-— ; kel AT
,-'E

TERWA, 1

e . o

‘S

Prrary etored Cutiorar = wif
Vel & e aliee

Customar
Customar-owned
15KV Primary Meter Pole Service

Prierssry Ve Curriors — mifs
]

oo g1

Praposod PV Generation Site
[2.000 MW)

Site #1
{2,000 MWI4,000 MWHr)

Proposed Energy Storage I

A LI e VIO Potsdam
= Lawrence Avenue ES976
ustomar
‘CULEOmMar-awmad
15KV Primary Metered MicroGrid
Custemar
C Gl Swilch Serv A .
s o bt e et o Interconnection Diagram
Switehgear Servise 13KV Priviady Mabor {Rev 3.01)

Pole Service

nationalgrid

HERE WITH YOU. HERE FOR YOU.



Fault Locating Adventure
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% Known fault location
© Location estimates

Database
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Phase Il Solar “Integrate vs. Interconnect”
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Purchase up to 20 MW'’s of turn-key solar sites,
implemented with advanced inverters

National Grid’s goal is to use these sites, to further
solar development in the commonwealth through
advanced technologies

= Advanced Inverter Features

= PLCPDTT

= Construction Optimization

Learn more about impacts of solar on areas by
pre-selecting towns with:

= High PV penetration feeders
= Lightly loaded feeders
= Heavy loaded feeders
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Advanced Control Modes
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Functionality Modes Description
. ) Ability to limit the active power production of the
Active Power Control Real Power Curtailment . . .
PV site to a value below its potential
. Ability to limit the rate of change in magnitude of
Active Power Control Ramp Rate Control

active power supplied
Ability to maintain a power factor at the PV site’s

Reactive Power
Fixed Power Factor: Pffixed

Control PCC by changing reactive power injection

Reactive Power . . . . Ability to inject a fixed amount of reactive power
Fixed Reactive Set-point: Qfixed

Control (percentage of nameplate) at the PCC
Reactive Power Power factor compensation - Power factor/active Ability to establish a Power Factor level at the

Control power characteristic curve PF(P) PCC based on actual Active Power production
Reactive Power Voltage Compensation - Reactive power/voltage Ability to inject Reactive Power at the PCC based

Control characteristic curve Q(U) on actual Voltage level

. ) . Ability to establish a Voltage level at the PCC by
Reactive Power Voltage Regulation —closed loop regulation of the L . . o
injecting Reactive Power. Ability to limit the rate of
Control voltage Ramp Rate Control

change in magnitude of reactive power supplied
Ability to curtail Active Power during higher than
normal frequency at the PCC

Ability to configure the tripping of the PV site

(“LVRT”) & High Voltage Ride Ride Through or Modulated Power Output during Under and Over Voltage events at the
Through (“HVRT”) PCC (beyond what UL1741 specifies)

Ability to configure the tripping of the PV site
Frequency Ride Through (“FRT”) Ride Through or Modulated Power Output during Under and Over Frequency events at the

PCC (beyond what UL1741 specifies)

Frequency Droop
Response
Low Voltage Ride Through

Real Power Curtailment
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Example: Inverter Control Impact
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Secondary Regulation
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Thoughts on Implementation
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Power Electronics have the promise to However, they also have the potential
increase overall system to:

Introduce new failure mechanisms

« Observability

- Efficiency Increase Observability

* Resiliency Information Overload Operators

Tax Infrastructure

- Power Quality

« Communications bottlenecks
 Fail-out-of-the-way Pilots

» Pilot vs. Integrated into the business
» Security: Physical/Cyber

V7. nationalgrid
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Potential Applications:
Balancing the Distribution System
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Potential Applications:
EMS Visibility: Cable Balancing

e T — T T

m Candle Street #101
& Candle Street
Mantucket, MA
(508) 325-5415

nationalgrid

HERE WITH YOU. HERE FOR YOU.




Potential Applications:
Dynamic Feeder Balancing
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Active electronics at
Feeder Tie locations:

« Manage Power flow
between feeders %’

* Assist in restoration
. |

and FLISR efforts 0
» Limit or mitigate fault " =& J7o7
. e
current impacts 5 Qo ©
« Assistin & X -
reconfiguration for & 33‘
construction @- < i)
- Voltage Support at - 9
EOL & =
« Fault Location e
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Potential Applications:
Lateral Feeder Balancing
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Active electronics at Lateral locations:

« Sustain balanced power flows as load changes
Supply local VARS as needed

Provide lateral visibility

Assist in restoration and FLISR operations
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