o .'f'.‘ ¥ --..~ Ll o
08.01144710.00101D8Q . <1
R1040490 10 T0qT 1>
10 —;ﬁ@ ' ) 7:' v -_'1-".'_ Wi

i | = | p—
a2y TR R . = - g § = PR .
‘ I [ e e
4 Il o - = e
) I o i ahe B |

N

ANRRN

TIIYLY
NARRR L, RS
=\

.

Proprietary= Caonipany Confidential ©2017:Micatu Inc.dnformationand equipment described herein may require US Government authorization for export purposes:.
Diversion’contrary'tg US law is 'prohibited.

“al



PROBLEMS UTILITIES ARE FACING

What are the opportunities for utilities?
Problem(s) Opportunities

20 years, $46B to $117B could be saved in the
avoided cost of construction of power plants,
transmission lines and substations

Increasing energy efficiency, renewable energy and
distributed generation could save an estimated $36
billion annually by 2025

Distributed generation can significantly reduce
transmission congestion costs, currently estimated at
$4.8 billion annually




SMART G Ri D Smart appliances

A vision for the future — a netwaork
of integrated microgrids that can

maonitor
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MEASURING THE FUTURE™

WHERE ARE UTILITIES HEADING

Fundamental change in the grid topology.

g

Demand management

_ ) Use can be shifted to off-
a peak limes to save money,

Can shut off in response (o
frequency fluctuations.

and heal itself
aolar panels

N

o P

- Disturbance
4 inthe grid

Execute spegial protection
schemes in micraseconds.

nd
disturbances, and can signal
far areas to be isolated,

torage

Energy generated
| peak times could be stored
| in batteres for later use.

Central power
plant

Wind farm

Energy from small generators
and solar panels can réduce
overall demand on the grid,

) Industrial
plant
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MEASURING THE FUTURE™

HOW IS THE MODEL CHANGING?

What is driving the utilities to invest?

AI \1‘
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I 1 |
I —L_ | Subtransmission I
Coal power plant Transmission Lines n Customer
Natural gas power plant I 765, 500, 345, 230, and 138 kV 26kvand 69kv |
Hydro | | |
Solar farm .\2 I I
Wind farm Subbstation === == | Primary Customer I
T’q‘t p-fDown N 13kV and 4kV
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Generating Station I Transmission 1 & 8 8 |(Secondary Customer |
Generatol i;ep Customer 1 DNey 120vand24v
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Transmission Distribution End customer
(High Voltage) (Medium Voltage) (Medium and low voltage)
Traditional business model
i Centralized Power Transmission Distribution End customer
FU"Y mtegrated and owned mOﬂOpOIy Generation (High voltage) (Medium voltage) power delivery
Any combination of: Evolving business models
' . g Power Generati Distributed
Power generation supplier - competitive eneraton Generation
o e e ——
Wires monopoly _: M
| - S -T === - oo -l Distribution End customer
LEnd customer retail monopoly s (Medium voltage) power dellvery



WHAT SOLUTIONS ARE UTILITIES SEEKING’7

Where are sensing solutions needed?

Challenge Required Solutions Required Sensing

Integrating Renewable High Fidelity, Low Cost Monitoring

. Voltage Current
Energy Sources of DER Interconnections <

Requires Digitization of the

LI il At el distribution & transmission grids

Voltage Current Temperature Vibration

Equipment Monitoring Retrofittable sensing solutions Voltage Current Temperature  Vibration

Realtime monitoring of substations
and transformer assists

Sensing with proven accuracy and
precision

Operations Security Voltage Current Temperature  Vibration

Volts/VAR Implementation Voltage Current

Data Overload At the “Grid Edge” Al & Analytics Advanced “Data Collector” & RTU's

-

Micatu GridView Rg235 Sensor




OPTICAL SENSING

The Operating Principle

output beam

output beam output
polarization

input
polarization

input
polarization

Input beam
' Input beam

High Accuracy &

Precision Large Dynamic Range Digital, Modular & Flexible

+ 0.5%

50t Harmonic, 40dB Response Plug & Play, Single SKU

@icarv 6



OPTICAL SENSING

Sensing Solutions Overview

Aboveground Voltage & Current Sensors
4 )

Underground Voltage & Current Sensors

Ao~

Temperature & Vibration Sensors

m410 Modular Optical Sensor Platform




GRIDVIEW™ SYSTEM OVERVIEW

Typical Distribution System Installation

A. Power Conductors

B. Combination Sensor
C. Combination Sensor
D. Combination Sensor
E. Neutral Wire Connection

F. Optical Fiber Cable
G. Power Line Pole
H. Electronics Enclosure




SENSING VALUE

What are key performance metrics?

* 70% to 80% Reduction of installation costs

* 30% Lower costs of ownership

» Highest Performance available in the market
+ Standardization of all sensing applicatoins

High Fidelity and Low Cost Monitoring

Conforms to IEC 61850 Data Communications Standards
Retrofittable and backwards compatible
* Only Self-Provisional Sensor System

Digitization of the distribution & transmission grids, Retrofittable
sensing solution

* Harmonic resolution

» Electrical isolation

+ Tamper evident

* Higher accuracy and dynamic range enable higher level of analysis

Realtime monitoring of substations and transformer assists

» Third Party Certification of Performance

Sensing with proven accuracy and precision : : .
+ Meets all requirements for accuracy, dynamic range, precision

+ Software enabled Al & Analytics ready solution
+ Licensable features

"Grid-Edge” Al & Analytics



OPTICAL SENSOR APPLICATIONS

Facilitating Simplified DER Interconnection

INTERCONNECTION TECHNICAL WORKING GROUP

Monitoring & Control Reference Diagram

JoINT
UTILITIES

MV Distribution Circuit

or

B Developer Equipment

B utility or Developer Equi L Ul
ALy or Eveloper tquipmen
MM

Cellular Modem
utility-Specific Comms

Fiber, Radlo, Other

satiad
B utility Specific (Frsgesisaylasiuguiaigpnpeanipig o

Monitoring Only

(1) Meter

(2) NEMA Enclosure & Components
Solar PV Inverter (3) Sensors (CT, PT)

(4) Cell Modem or Other Comms

THE JOINT UTILITIES OF NEW YORK 9

oring & Control

Monitoring Items (1) — (4}
{5) RTU or Equivalent

o

€. nationalgrid (& Orange & Rockland CEcor
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MEASURING THE FUTURE™

INTERCONNECTION TECHNICAL WORKING GROUP

Justification/Benchmarking

JOINT
UTLLITIES

Strong references to M&C for DER standalone or in

FERC NOPR aggregation at 100 kW or greater

Above 300 kW: RTU (SCADA)
Tucson Electric Power 50 kW — 300 kW: RTU or Interval (Situational)
Requires a second meter for all systems

Toronto Hydro Required at 50 kW and above through SCADA
5 7 Required at 30 kW and above; below 1 MW 5/15 min
San Diego Gas & Electric interval data; above 1 MW SCADA

Required at 40 kW to 250 kW for remote dual meter
(interval data)

Required at 250 kW and above for monitoring
through SCADA

Xcel (Minnesota)

Detroit Edison (DTE)

Interval required at 60 kW and above; SCADA
Eversource — Western Mass required at 500 kW and above

Required at 150 kW and above

_ DER Size for Monitoring DER Size For Control

Strong references to M&C for DER standalone or
in aggregation at 100 kW or greater

Required at 50 kW and above through SCADA

30 kW- 1 MW situational through SCADA; above
1 MW required through SCADA

May require an RTU for systems at 250 kW and
above

May be required at 150 kW and above
Shall be required at 550 kW and above

Shall be required at 500 kW and above

‘me nationalgrid

(& Orange & Rockland

E conEdison

THE JOINT UTILITIES OF NEW YORK 5
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On-site

ICATU®

MEASURING THE FUTURE™

est Data Results Example

%
6% - 3 - - -
» "Gridview" S2 Volts & Current Sensor accuracy V.S. Revenue Meter CTs & PTs all day 9-22-17
% Error 5 Min Mails-umd Watts - Micatu Gridview vs Revenue CTs & PTs
r % Error 5 Miin Measured Watts - Protection CTs & PTs vs Revenue CTs & PTs
| Poly. [ % Error 5 Min Measured Watts - Micatu Gridview vs Revenue CTs & PTs)
(o] —Poly. [ % Error 5 Min Measured Watts - Protection CTs & PTs vs Revenue CTs & PTs)
| r
2%
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0% : 2 " ! 1 |
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~ v | o || Amps
s = .
a4 . d :
2% i ] - = ¥ i . P | X
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% - ] ! !
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OPTICAL SENSOR APPLICATIONS

Flexible DER Monitoring Solutions

12



OPTICAL SENSOR APPLICATIONS

Upgrade Tie Reclosers & Enable Power Quality Measurement

R&D Sensor Testing - Why do we need this?

Has 3 External Voltage, 3
Internal Voltage and 3 internal
Current sensors

Very “busy” primary
connections, even with 6
internal sensors

Performance/accuracy issues
of many sensors

Many Tie Reclosers affected in
production now (17 in Eastern
alone)

Lindsey Voltage

Sensors, NOWA
Frame Mounted

(& Orange & Rockland

1carv’

MEASURING THE FUTURI

R&D Sensor Testing - Project Concept

IMPORTANT: R&D doesn't determine the application specific performance
level required;

Simply to thoroughly test and document the performance
MNext Generation Sensor Desired Attributes:

* Line suspended, no direct device/pole mounting (line post configuration for
certain applications possible)

* Voltage and Current wave forms at 0-10VAC for pole meter connection.
(local automation, SCADA use)

* Not fail over test period (will monitor for years), target +/-1% accuracy of
Full Scale, but not a disqualifier for Distribution Automation use

* Sensor has factory calibration physically imbedded in attached chip; loads
when plugged in

* Other DSIP driven programs to dictate required accuracy of Volts, Amps,
Watts, VARs

(& Orange & Rockland

13




OPTICAL SENSOR APPLICATIONS

High Reliability Sensor Replacements




OPTICAL SENSOR APPLICATIONS

Underground Sensing & Groundless Sensing Solution

@rcarv 15
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202 IST Center,
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