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We help power utilities to increase the resiliency and reliability
of their power grids and prepare them for the upcoming

clean energy transition




We are what we achieve

® EPFL spin-off

};{ founded by 3 former

PhDs in 2017

eee Jemployees

experienced engineers
& business team

Strong traction

~” Growing client pipeline
and 2nd capital raise

Zaphiro

Dynamic. Smart. Grid.

2 patents

at international level
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8 paying clients

in EU and APAC with

repeating orders

>1600 assets

monitored 24/7
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We help electrical utilities in their digital journey towards a
clean energy future
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Distributed .
generation Energy storage EV charging

¢ ! [ !
=B T T Ton@

Power Transmission Distribution Distribution
generation (High-voltage) (Medium-voltage) (Low-voltage)

Distribution System Operators (DSOs) problems and challenges:

«; 1. Limited visibility 2. Inefficient black- enewable
on grid assets ?ﬂ out management predictab
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We believe that future SCADA/ADMS systems will be powered by
time-synchronized & high-speed measurements provided by
PMU-like Intelligent Electronic Devices (IEDs)

© Zaphiro Technologies 2021 :



Zaphiro develops the first grid automation system based
on high-speed & time-synchronized PMUs

e

Proprietary PMU (Phasor Measurement Unit) device:
* Time-synchronized + high speed measurements
* |deal for substation retrofitting

o~ § o
L} o
'~- <
2 .
A . e 5
. N,
3 L L. L . .
>
g ¥ - o N 2
1
(I ’ N b
b A N .
| V\’ -l
- o
&
e
\ b 1 Control center
Measurements (SCADA/DMS)
Grid status
& alarms
Control
setpoints
Utility-scale
batteries
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Modular and scalable software platform:
* Fullinteroperability with 3 party devices
« Empowered by patented algorithm

Real-time grid monitoring
- Estimation of entire grid state up to
50/60 times per second

Outage management
- Automated fault location to reduce the
duration or even prevent blackouts

Grid resources control
- Automatic control of utility-scale batteries
to always guarantee grid stability

Offline grid analytics
- Advanced grid analytics for optimal grid
planning and predictive maintenance



Use cases

Real-time grid monitoring Offline grid analytics

Voltage profiles monitoring Power quality analysis

Line congestion/power flow monitoring Optimal grid planning/reinforcement
Critical customer monitoring Predictive maintenance

Distribution system state estimation Post-event analysis

Topology identification Power losses estimation

Outage management Grid resources control

Automatic fault location and service restoration DERMS
Adaptive protections Grid-aware BESS control
Unintentional islanding detection Microgrid islanding operations

Wildfire prevention Grid reconfiguration
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Challenges and Solutions to PMU Rollout in
Distribution Grids
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Challenge #1: Distribution substations design and
instrumentation

Distribution room Meteringroom  Transformer
(switchgear) (optional) room

...............................................................
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Wide variety of designs: Limited instrumentation:

* Indoor vs pole mounted Lack of voltage/current sensors
 Airvs Gasinsulated switchgear  Noaccess to swtich/breaker status

 Lack of space for new equipment Lack of communication equipment
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Solution #1-A: Clamp-on current sensors based on
Rogowski coil technology

« Highaccuracy(class 0.5) with extremely low positioning error
 Wide dynamic range

 No saturation, linear, and not affected by DC

« Single sensor for monitoring and protection applications

« Clamp on(simple and non-invasive installation), small size and

lightweight
Blrde 10 kQ, 50 pF
Burden 10 k€2, 50 pF
lonin A | MyinnH | finHz | I/ ,in% Lin A £ in % dy in crad
600 6000 0,17 -0,02
500 5000 0,17 0,02
200 2000 0,18 -0,01
100 1000 0,18 0,01
50 500 0,18 -0,01
1000 | 71,619 60 25 250 0,18 -0,01
20 200 0,18 -0,01
12 120 0,17 0,00
10 100 0,17 0,00
2 20 0,16 0,03
05 5 0,12 0,14
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Solution #1-B: Native cellular network support

Wide network coverage Guaranteed power-backup:

* 4G(and future 5G) networks guarantee complete ¢ Mandatory power back-up in LTE base stations
coverage in most developed countries

e Example: 99.91% of BKW (major Swiss grid
operator)distribution susbtations(MV-LV)are
covered with public 4G network despite 50% of ~ « Average LTE latency(30-40ms)allows to cope
the supplied areais rural with most PMU uses cases under consideration

Low latencies for most PMU use cases

Latency
(ms)

700

GPRS EDGE EDGE WCDMA Evolved HSDPA HSPA LTE
Rel 97 Rel 99 Rel 4 Rel 89 EDGE
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Solution #1-C: SynchroSense: compact, all-in-one design

Proprietary grid device with multiple functionalities
« Phasor Measurement Unit (PMU)
« Digital Fault Recorder
 Power Quality

« Superior measurement technology:
« Highspeed(>200 times faster than conventional devices)
« Time synchronized(via GPS or fiber)

« Communication via proprietary network (copper/fiber) or public
cellular infrastructure

» |deal for substation retrofitting
« Parallel monitoring of up to 5 feeders
* Fast & non-invasive installation
 Cone/Supportinsulator type voltage sensors
« Clamp-on current sensors (Rogowski coils)
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Solution #1-C: SynchroSense: compact, all-in-one design

SynchroSense (PMU) + GPS/4G antenna Clamp-on current sensors

13 © Zaphiro Technologies 2021



Challenge #2: Limited sky visibility for GPS
synchronization in congested urban environments
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Solution #2-A: Multi-constellation GNSS receiver with
stable clock for reliable free-running operations

From COM12_141026_131214 ubx

Time interval Error

! ‘*1'7 44
+400ns % ¥ H
$HEH
-400ns ;:-i :
20 -0 00 00 000 1200 - nc: !§s0 2000 2200 240 2000 1800 3000 IN0 a0 3000
survey fixed
 Weak-signal start-up with aiding and single satellite * <3 microseconds 1-hour internal oscillator holdover
capability support severe signal environments (lab measurement)
e Survey-in provides error-free, self-determination of « Relibale free runnign operations also in temporary
fixed position absence of GNSS satellites

« Fixed-position mode offers timing stability evenin
poor signal conditions
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Solution #2-B: Wide area PTP synchronization

Precision Time Protocol (PTP) Wide area PTP synchronization
Requires availaybility of fiber network

* Protocol used to synchronize clocks throughout a
computer network (IEEE 1588)

» Master-slave synchronization scheme (automatic
master selection)

« Single GNSS-referenced clock (master)
Simplified installation

« Devices share synchronization packets to * Increased timing reliability

calculate propagation/internal delay and b -
adjust/steer their internal clocks to stay in sync N\ » &0 g b

t1 & > \ o e S
W‘ K, vy X - : : > *“ >
A o i Ry .
\ t2 — B B | N P b
— Follow_Up b=, i) VA o Xz ’
: @7 » Sgg -
t3 %,
Master clock / : -
t4 Delay_Request N “
Slave clock a | PTP master
B
dRee b PTP slave
Fiber link
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Solution #2-B: Wide area PTP synchronization

x Timing

SynchroSense PTP features:
* Fully compatible with IEEE 1588 default PTP profile o e

A Phasors
» Userselectable PTP master/salve functionality B Anaog o T et hd
B Digitat Y TAI-UTC Oftset ar s

 PTP master: dissemination of internal time,
optionally synchronized to internal GNSS receiver

B wavetorms

i About GNSS Settings
* Synchronization error: <1us, unaffected by distance ©  PmayTmemekene | Ges v

o Secondary Time Reference BeiDou v|
(7] Antenna Cable Delay 165
(7] Time Mode Survey-in ﬂ

8‘ (7] Mirsmum Duration (Survey-in) 100

g

o (7] Posiion Accuracy Limit (Survey-in) 50000 mm

&
7] Latrude (Fixed Mode) 0 deg
(7] Longitude (Feed Mode) 0 deg
[*] Altitude (Fed Mode) 0 cm
Q Position Accuracy (Foosd Mooe) 0 mm

Synchronization error(ns)
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Solution #2-B: Wide area PTP synchronization

N (__\ GPSantenna N
Generic MV-LV Generic MV-LV
substation substation
SynchroSense SynchroSense SynchroSense SynchroSense SynchroSense SynchroSense
Porto  Port 1 Port0 Port 1 Port0 Port1 Port0  Port1 Port0 Port 1 Port0 Port 1
(FO)  (ETH (FO)  (ETH) (FO)  (ETH) (FO)  (ETH) (FO)  (ETH) (FO)  (ETH)

CM-PC2

SynchroSense Synchros Sense

Port0  Port1 Port0 Port 1
(FO)  (ETH) (FO)  (ETH)

The EPFL campus micro-grid: System architecture:
e 2 primary substations (50-20 kV) « 51SynchroSense devices
45 secondary substations (20 kV - 400 V) * 3 PTP grandmaster

e 48 PTP slave
« >16km of MV underground cables _ _ _ _ o
* Fiberinfrastructure used for both time-dissemination

« Pervasive fiber installation and real-time data communication

18 © Zaphiro Technologies 2021



ted amount of measurement points
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Challenge #3
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BUT
...they typically have a limited budget that only allows to instrument 5-10% of them with |[EDs
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Most DSOs manage 1000s of distribution (MV-LV) substations...
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Solution #4-A: Develop software solutions relying on
limited amount of measurement points
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Cable line

Overhead line

MV-LV substation
Switch — Breaker
Open switch/breaker

@  Voltage measurement

sridxx  Current measurement on line

idxx Current measurement on transformer

State estimation results (20% coverage)

60

© 5 ' |x Measurement displayed and used in State Estimation
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Solution #4-A: Develop software solutions relying on
limited amount of measurement points

Zaphiro PMU-based fault locator features:

* Location of single/multi-phase faults as well as high-impedance or intermittent
faults with currents as low as few Amperes

 Not affected by network topology, neutral treatement or presence of distributed
generation

Working principles:

 Faulted areaidentification: 100% reliability, accuracy depends on meas. placement

« Fault distance calculation: accuracy depends on meas. accuracy and placement

Intermittent 1-phase fault 2-phase fault Blackout

faults (2 min) (60 ms) (1 hour)
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Conclusions

- Thereisahuge opportunity for PMUs in the distribution network, mainly driven by the clean
energy transition and more demanding regulations on the quality of the power supply

— The adoption of the synchrophasor technology by DSOs requires re-tinking the concept of
PMU hardware/software according to a different set of use cases and operational conditions

— Zaphiro Technologies offers a turnkey solution based on proprietary PMU technology and
software platform that is able to leverage syncvhrophasor measurements to tackle multiple
use cases at the same time.

- The interaction between academia, industry and power utilities is crucial to allow the
development development of innovative hardware and software solutions able to address
current and future challenges of DSOs

22 © Zaphiro Technologies 2021
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Unlock your grid potential!

Contact us:

Dr. Paolo Romano
Co-founder and CEO
paolo.romano@zaphiro.ch
www.zaphiro.ch

They support us:
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