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Disclaimer

The opinions expressedn this presentationand on the following slides are
solely thoseof the presenterand not necessarilythoseof CPFL, UNICAMP,
and other partners CPFL and UNICAMP do not guaranteethe accuracyor

reliability of theinformationprovidedherein
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Living laboratory: A definition

"Living Labs (LLs) are defined asercentred open innovation ecosystems basegymtematiciser co
creation approachintegrating research and innovation processeser life communitiesand settings

In practice, living labs place thatizen at thecentreof innovation, and have thus shown the ability to
bettermouldthe opportunities offered by new ICT concepts and solutions to the specific needs and
aspirations of local contexts, cultures, and creativity potentials.

5 key elements must be present in a living lab:

A
A
A

A

A

active user involvement:e., empowering end users to thoroughly impact the innovation process
real-lifesetting:i . e. , testing and experimenting with

multi-stakeholder participationi.e., the involvement of technology providers, service providers,
relevant institutional actors, professional @msidential end users

a multi-method approachi.e., the combination of methods and tools originating from ethnography,
psychology, sociology, strategic management, engineering

co-creation:i.e., iterations of design cycles with different sets of stakeholders"

From:ENoLL — European Network of Living Labsnttps://enoll.org/



Energy systems of the future: Emerging technologies

A Renewable generation (wind/photovoltaic generation -
J ( P J ) Well established

A Distributed sensors (smart meters) - market

A Enerqgy storage systems (batteries, flywheels etc.
I e 5y ( / ) Market to be

A Power electronic-based devices for distribution systems — developed

— utility and customer side solutions




PA3012: PV rooftop a ®Rp &

ENERGIA  UNicaMP

V Pilot-project installation of 230 Y TR s I Y
rooftop PV panels (=850 kWp) in oy
residential circuits (all connected to
the same feeder)

V 100% realtime measurements (smart
meters) + power quality meters +
weather station

V Period 10/2014-09/2018 (4 years) g
[}
V Objectives v v
U Investigate the main technical impacts and mitigatior <
S OI u ti O n S Sistema OSnSeLde Leitura { 1 1 { i
‘ 00:00:00 05:33:20 11:06:40 16:40:00 22:13:20
U Investigate the integration into engineering procedur MV/LV transformer power curve 30 days
U Collaborate with regulatory aspects Imported energy = 2.230 MWh
. . Projeto P&D Aneel _
(i Develop new markets and services == E{UBIse| ETEIT = 2450 i

CPFL  anert

ENERGIA

- % pn Direct peak = 21.18 kW
V InvestmentR$ 14.4 million - Reverse peak = 31.10 KW

uuuuuuu



PA3012: PV rooftop — main technical impacts

Measurement Assessment:

Simulation Assessment:

V 45 power quality meters installed V +85,000 analyzed secondary systems

in MV/LV transformers and
customers- 10 seconds/30 days

V 231 AC/DC meters installed in PV
generators- 1 min/1 year

V 231 smart meters installed in
customers-5-60 min/1 year

V +2 billion measurements data

!

UC = 10638385
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PA3012: PV rooftop — integration into engineering procedure a ®Rp &

ENERGIA - uNicamP

Stage 1: expedite analysis Stage 2: detailed analysis Stage 3: advanced analysis
No engineer is required A junior engineelrs required A senior enginees required
4 _ . ) 4 N 4 . N
New installation Reinforcements
Generation = X% o g )

Load transfer

(. 4

Detailed analysis

+

PV penetration = Y%

Rewiring

Circuit split

10% of requests 5% of requests

Transformer
replacement

90% of requests 5% of requests 5% of requests

: . Potential savings 2018-2021
Proceed with connection Number of connections: +150,000
END Man-hour savings: +75,000 houfs

_ _ Cost savings: +R$ 3,500,000
More information: Patent BR1020180154540 8
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PA3047: Volt/var control — micro generation CPFL q

Analytical
ENERGIA Research  uwicame —

o
e

V Pilot-project Develop new procedures and tes’

S
%12,1 - gs- —— BGE10
technologies for voltage and var control in m 2°[
ol o . o o wwmumw.wm
distribution systems with high penetration of 5.7 |
PV generation R N TR R R R A 2 qo Jn e
\ Voltage Violation— Critical Limits

V Period 11/2018-10/2022 (4 years)
V Objectives

¥

= PhaseNeutral Voltages
PhasePhase Voltages
L

Number of Customers
[\%] P
o o
1

U Develop newproceduresdevelop a

ags . . . ) I _I_/ 1
probabilistic technicaéconomic method to Jno e g B
decide the best solutiondltage violation, Conflict with current practices (measurements)

power factor violation, technical losses, 20
equipment maintenange

o))
o

Voltvar
T Analytical
T Research

A startup company
developing analytical

U Test newtechnologieslow voltage
regulators, dynamic var compensators,
smart inverters

Total cost (R$ x 1,000)
N
o

. . 20t tools for volt/var
U Collaborate with the regulatory model T control
.. L
(e.g, power factor limits) ok - :
Procedure 1 Procedure 2

V InvestmentR$ 4.6 million Probabilistic-technical-economic approach for decision-making process



PA3047: Volt/var control — micro generation: new procedure

/
—_— Voltvar \\‘"} F@
CPFL _T' Analytical 4.\' ANEEL
ENERGIA [ Research ~ umicame —

Base Case 1,040 customers, 83 LV
systems

ionvoltage (kV)

bstati

Sul

7 5000 03.00 05:00 0300 1200 15:00 18:00 2100 00:00

[ Substation | g ¢ :
— Secondary Networks wnﬁ)vervoltageu
Adequate Voltage

— LDC, 56 customers, 6 LV systems —

14
00:00 03:00 06:00 02:00 1200 15:00 18:00 21:00 00:00

[ Substation

— Secondary Networks W|t@vervoltage ’
Adequate Voltage \!

— MAP, 58 customers, 6 LV systems ]

V.. setpoint

No
PV generation PV PV genera tion

generation

time

tlmedependent settings

@f"

[ Substation n

— Secondary Networks wnt@vervoltagé
Adequate Voltage %

Substation: 23% residential (B1) customers with PV

Decision making:

Current strategy:

Higher anddispersed cost (with
dominant overvoltage)

. 577,141.26  29,224,229.64 30,228,465.32
Penetration
25% PV
Penetration + 789,522.95 7,425,224.53 8,549,324.31
Proposed strategy: MAPA

Costs
67 Circuits Undervoltage | Overvoltage

25% PV

Lower andconcentrated cost
(with dominant undervoltage)

Potential savings R$ 50100

million/year
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PA3048: Technical losses assessment and management cre. roraxe €9 D
. . . . Feeder: BGE10
V Issue In Brazil, the technical losses are evaluated by using & —— —
BDGD database an@penDSSHowever: ol o 1o x
S +  40%
U The regulatory model may underestimate the losses  g¢| & -
financial impact for utilities Sal L o °
- W
U The method is timeonsuming (2680 days for a large S sf—+—wms s
.\ =
u tl I I ty) 2 0 1 ObO 20I00 SOIOO 40I00 50b0 GObO
. lled ity (K
V Period 11/2018- 10/2022 (4 years) R PV installed Capacity (Ap)
V Objectives SIS i
> ‘
U Collaborate with regulatory aspects
U Develop computing techniques to speed -
. . @ o
up the technical losses evaluation T = -
U IntegrateBDGD into OpenDSS il e e 4%
U Develop tool for loss management A o
V InvestmentR$ 4.1 million I = -
Final product will be partially available for . |
ANEEL and other utilities - A A startup company develo_pmg mtegrate_d
PORAKE  software for system and big data analysis

11
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PA3048: Technical losses assessment and management — regulatory model and CPFL PORAKE €8 0O
computational aspects

V Issue 1-accuracy relevancassess and plan actions to (a) improve the system efficiency; (b) combat-the no
technical losses

V Solution suggestion for improvement based on physical models: transformer model and parameters

LR X% ROX hy R NP b, TL Impact (2019) | NTL Impact (2019)

A oWl +15.5% -14.0%
le le Im
\ o Second » B +14.2% -18.3%
, L rimar =
Primary R = Secondary d RCE: Xin eeondaly *Note: total nontechnical loss values are extracted fraMEEL, Metodologiade
CélculoTarifariodaDistribuicdo— PerdagleEnergia " Avai |l abl e at:
https://www.aneel.gov.br/metodologistribuicaof
o 4 © o lasset_publisher/e2INtBH4EC4e/content/perdas/6548007?inheritRedirect=false
ANEEL model — parameters based on ABNT Real/field model
V Issue 2-processing time relevancenable the use of CPFL Paulista RGE
the regulatory model/structure for loss management| m) COMEETEI QnS$min Urully
Total 3h34min 2h07min

infrastructure)
Total for the 2 utilities : 5h41min

V Solution use propeOpenDS3nodels; recode some
Open DSS‘unctionaIitieS, replace COM interface, WorkStation: 2 processohstel® Xeor? E5-2630 v4 CPU @ 2.20 GHz (20 cores), 48
. o GB de RAM, 256 GB de SSD
IntegrateBDG D Current solution: several weeks

** To be done 12


https://www.aneel.gov.br/metodologia-distribuicao/-/asset_publisher/e2INtBH4EC4e/content/perdas/654800?inheritRedirect=false
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PA0060: Electric mobility crr. (RPD 2 50
V Pilot-project

] ) _ ) _ ) Campinasi SP
U Installation of 20 public stations (12 normal, 5 semi fast, and 3 Total: 25 stations ——
i i i ; i Normal (4h i 8h) oy, 8
fast charging stations) + 5 home charging stations 5 number. +08”(0§) | cono] (j Camnions
. . . . . . installe o Halinhos |
U Monitoring of 16 electric vehicles in corporate fleet _
. . . . Semi Fast (1hi 2h)
(companies, car rental agencies, taxi) | Numberios
— stataif)n
[T I?\last b(30 minutos) coTE
. umber:o3 N Francisco
V Period 08/2013-07/2018 (5 years) d o e RV
[, ") Home Charger (4h i 8h) ap P
_ Number: +05 RO ah TR e T
: ) Mall (W =
V Objectives oo L
U Investigate the main technical impacts UNICAMP
U Build behavior models for studies Total: 27 vehicles (until 2015) sage
. . ) N e
0 Contribute to regulatory aspects o éﬁ_f —as Companies
. . . 05 01
U Develop new services and market (public stations) e S‘} Car Renters
= A= W
Phase "o o “o1 21 Taxi
- 02 4/ : aws a— EVs
V Investment R$ 16.7 million S = e ecutive

13



CS3060: Platform for electric mobility TPl AA & D

ENERGIA
uuuuuuu

V Pilot-project and prototypes LIVING LABSs R S S R S

U Urban and intercity infrastructure ‘ ; & Rt g et
in two states b AN
. : : - - - Loay
U Experimentation for billing, S "63?@ e
clearing, and roaming > : & o5 o
U Services for electromobility: Phase 1: e O | o A
i Campinas and Intercity = - . o ) e ET g sl KY
planmng and management corridorinSPandRS = = Bt s ¢ 9 o
V Period 03/2020-02/2024 (4 years) Partners
(Electric vehicles \ (MOb!Ey Sﬁ;’;’ces \ ( EP )
V Obi ] Phase 2 PP @
ectives Touristic corridor RS % P
J A Ddiaentregue Gradl F7 ivece
U Development of a software for mov(da makro
planning and management of L Y group
“1: . Uber “-RENTA CAR-—
electromobility business o, ~ Bl Bl &5 P
. : : : i L beepb
U Deployment of city and intercity ~ \_ ) \ ) - _J

infrastructure
EP suppliers
. EM3
. Andrade A startup company developing AR i
V Investment R$ 47.7 million M Analytics analytical tools for electric mobility | FUIPED @ eecrnicus

14
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CS3060: Platform for electric mobility — new services and business models CPFL AA e D

ENERGIA
uuuuuuu

Composition (layers):
V Traffic flow:
o Driver - Stochastic behaviour
o Strategic points Airports, Malls etc.

V Electric
o EVs and FCS profiles
o Network operation and reinforcements

Transport Network

V Economic T
74751«
o0 Investment
o Maintenance un|
. ot .
V Social 601
. . A= 7467
o Population and city I
. e
V Perspectives =763\
[y [

o Smart City- Government= 71|

74591

0 Third-part Investor Tas7 Result comes from the combination of
o Distribution utility PP IS & SRR S S layers: Costeffective solutions
74 278 282 286 290 294 298 i i
UTM Easting (km) (number, location, and size of FCSs)

15
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ENERGIA

uuuuuuu

PA3018: Energy storage (battery)

V Pilot-projects
U 1x1MW/2 MWhenergy storage system installed intd\&MV
substatiorfor application at MV feeder level

into a gated community aridx 25 kW/75 kWhpole mounted for
application at.V circuit level (PV and EV)

BaraoGeraldoHV/MV Substation

U 2 x 5 kW/14 kWhenergy storage systems installed into an LV facility for
application atustomer leve(PV)

V Period 07/2017-06/2022 (5 years)

V Objectives
U Develop new applications
U Develop new services and markets

Pad mounted applications in LV circuits‘

U Contribute to regulatory aspects

16

Pole mounted applications in LV circuits\

V Investment R$ 26.8 million



PA3018: Energy storage (battery) — integration of rooftop PV and EV slow charger

A Problems to be solve@h) decrease peak load; (b) improve MV/LV
transformer loading factor; (c) increase the PV and EV hosting cap:

A Difficulties: how to determineharging and discharging times and rat

(load behavior in MV/LV transformers is difficult to predict)
A Developed solution (patentedlgily seltadaptable thresholds

Transformer loading profile ESS state of charge
0 H—nDayl-whoESS PL. A S 7RI S
~~ Day 2—with ESS @ |[— Day 1-wio ESS ;’I ES&% Creach‘?d
""" Day 3—with ESS c;s -= Day 2—with ESY ;’ S ‘\\
g, 2 |L—pays-winss \
S0 L Eecreached fm———d / a
o ESS reached Q / A
() el § ’f \‘
_,% 7] ) '-_}\
S S— ESS reached - % [ ESS reached \
11111 SoC in L /; Sol "rmn - \\ -
0 SoC -~ =T
0C pnin
O i [)-lzuiul 1
time time
Hosting capacity — PV (kW)
%Cons.- PV (kW) 5% 15% 25%
More information: Without ESS 5 7 10
Patent BR10202101479 With ESS 8 15 17

_-—-"y

—
CPFL

ENERGIA

=Y

uuuuuuu

l'“ﬂ!“%t.?ﬁla‘?teF.._\

Transformer Demand Profile

—— W/o ESS
— With ESS

T

I:)disch‘

Active Power

charf

Results over 1 year:
V +20% average re

time

ductiad transformer

peak demand thr@inoutthe year

V +10% average increase of transformer

load factor

% D

ANEEL

V 0% voltage violations (originally, +20%

of customer units
violations)

with voltage

17
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PA3018: Energy storage (battery) — microgrid CPFL S G

uuuuuuu

V 47UCsBL1 \
V 27 x 2,4kWp PV (64,4kWp) \ ; ‘
- /

PQ Meter | y .
- \ o
I \
5 \
1 \ ‘h

\Y)

PQ Meter I

Transfer Switch

eeeeeeee

S /e
E Portable PQ Meter |T y {l\\:' \L
|
. Permanent Meter |J R
= \
1. Pre-islanded operation: R L
24/06/2022 16:33:35 a 24/06/2022 16:36:34 :
(3 min, 180 samples) PQ Meter I
2. Islanded operation: —

24/06/2022 16:38:50 a 24/06/2022 17:23:49

(45 min, 2.700 samples)

3. Post-islanded operation:
24/06/2022 17:24:35 a 24/06/2022 17:50:34

(26 m|n, 1560 SampIeS) [l CM1, CM2i Remotely operated switch
18




PA3018: Energy storage (battery) — microgrid

—_—

o A
CPFL m:’tltUtDSladec ¥ ANEEL
ENERGIA UNICAMP
PQ Meter |
26| ' ‘
W | Islanded Operation
224 | Ay ! n
S 222t HI l | ll \
< |
o
g2 ——
oy
g y
6218‘ r | ‘ || [ "H I — ” | Il \‘
>
2167 ||' | [T T r : ’ St Laleuit e ClpareLicn —— U12_rms_AVG U12_rms_MIN/MAX
— U23_rms_AVG U23_rms_MIN/MAX
2141 —— U31_rms_AVG B U31_rms_MIN/MAX
1 1 1 I
16:30 16:35 16:40 16:45 16:50 16:55 17:00 17:05 17:10 17:15 17:20 17:25 17:30 17:35 17:40 17:45 17:50
60.05 - .
e WVWW"VM o AN o
59.95 - | | ' I
3
Q
2 59.85 FHT FreqMIN/MAX
: [ L Il I’
w
59.80 | ! ! .
| | ' Post Islanded Operation
59.75 ——
Islanded Operation
59.70 |
16:30 16:35 16:40 16:45 16:50 16:55 17:00 17:05 17:10 17:15 17:20 17:25 17:30 17:35 17:40 17:45 17:50
.l | | | |
3\:' Islanded Operation
;t‘: 20 H | y 1
@
g W"‘W
o
K
S sl " PR ]
g 1.5 TN W
I
° " M
8 \
5 10f T —— U1_thdf AVG U1_thd-f_MIN/MAX
) —— U2_thd-f AVG U2_thd-f_MIN/MAX
s —— U3_thd-f AVG W U3_thd-f_MIN/M
051 —— —— U4_thd-f_AVG U4_thd-f_MIN/M
1 L 1 1
16:30 16:35 16:40 16:45 16:50 16:55 17:00 17:05 17:10 17:15 17:20 17:25 17:30 17:35 17:40 17:45 17:50




PA3020: Load disaggregation — smart meter application

V Pilot-project 10 houses with 100% reaime
monitoring

V Period 11/2016-05/2019 (2.5 years)
V Objectives

U Use only one sensor (smart meter) to
determine the individual energy consumption
per appliancelll breakdowr)

U Create database for R&D (centralized,
partially distributed and distributed
monitoring)

U Develop new services

V InvestmentR$ 2.5 million

1500 q

1000

Ola Luiz, vamos juntos analisar

o consumeo ualtimos trinta dias -

por equipamento do(a)

(9 Luiz C P da Silva emR$ -

y A

Outros Eletr./Equip. . Stand-by

@ chuveiro/Boiler ® Refrigerador

® tluminagio o ~600 W (2F)
Micro-ondas Ar condicionado

“ ‘Consumo
atual (RS)

1130.88

g g sy g M Mm

03:00 06:00 09:00 12:00 15:00 18:00
Feb 8, 2019

00:00 03:00
Feb 9, 2019

http//Aww.timeenergy.com.br

— ; ., —
—_— NYED)
CPFL ¥ N

ENERGIA - T uNicamP

Integrated into the
smart meter
(centralized)
Service supplied by
the utility

Integrated into the
electric panel per circuit
(partially distributed)
Service supplied by thik

party

Installed at each plug
(distributed)

Service supplied by
third-party

Products developed by TE
- a startup company (now
a scaleup company) in
sensors and meters



PA3032: Sustainable campus (R&D + EE) CPaL @D ERATS (E  romaxe g2
V Pllot-prOJect/opjectlve Devglop a sustamab[e o s
campus by using smart grids and smart cities e i v T B \ |
technologies atNICAMP: TR
Education and
U Monitoring of theelectricalsystem T L Professional Training
U Renewablgeneration(573kWp-PV) .. ... ( i Database
u EIeCtrlcmObIIIty [EEE i ‘ Photovoliaic . I | . Energy Efficiency in
U Energyefficiency T Generation e
' { - - D _ etering
U loT management — | & TN,
. et ‘ Electric Vehicles ‘ IoT Sensors
U Energymanagement L - - -
U Benchmarkingor energyefficiency Eildency i b M-

Buildings ﬁ - coutie

V Investments
U EE: R$ 3.4 million
U R&D: R$ 6.3 million
U Partnership: R$ 2.3 million

frern
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PA3043: Electric bus — net zero energy charging station oa (e o @B
V Pilot-project Introduce an electric —
bus into the public transport system at - &
) 0 o 60 kWp
UNICAMP with 100% monitoring = ~200kWhtiay

V Period 11/2018-10/2022 (4 years)

V Objectives

324 kWh, 2x40 kW
4 hours, 380V,
30 kW 250 kmday

120kWh

U Develop net zero charging station

U Use the bus as a retaine =)
"sensor" of the campus

U Understand technical, economical
and regulatory aspects

2 e B8
= G
1t b i F
U /K.

V InvestmentR$ 6.4 million

22



PA3058: MERGE — Microgrid for Efficient, Reliable, and Greener Energy o SIATI () &

V Four microgrid pilot projects CAMPUSGRID
U LabREl: Smart Grid Laboratory %gbggl RS
A Flexibility, experimentation, and e

development
0 NanoGRID DC microgrid

A High-tech case, showroom, and
integration
U CampusGRIDAC microgrid atUNICAMP
Campus

,;- ) S i P

A Real environment, retail customer,
consolidated solutions, and large
application

U ConGRID Microgrid in agated community

A Experimentation with residential V' Objectives
customers, regulatory challenges, and U Develop, integrate, and test technologies for intelligent
complex business models microgrids
V Period 01/2020- 12/2023 (4 years) U Study and propose standards, regulations, laws, and cybersec
for Brazilian perspective
U Expand the national scenario of intelligent microgrids for
efficient, reliable, and greener energy

V InvestmentR$ 45.3 million

23
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Investments 2014 — 2024 and start-ups/scale-ups 7 &%

Projects Investments (R$) Pl-UNICAMP A consulting and deve|opment
PV rooftop 14.4 MM Walmir Freitas E RA company prom(_)tmg anew ERATo
: : ) Energy Research and Analytics energy and SOCIety
Electric mobility 16.7 MM F:;/r?g:gﬂﬁﬁzz de -
Walmir Freitas :
Energy storage 26.8 MM Fernanda Trindade POR K@ A startup company developlng
Technical losses 41MM Walmir Freitas PORAKE Integrated software for systems an

Fernanda Trindade

Walmir Freitas blg data analy5|5

\olt/var control 4.6 MM Fernanda Trindade
Load disaggregation 2.5MM : : o :
Walmir Freitas T Analytical A startup company developing
Sustainable campusR&D+EE 9.7 MM Luiz C. P. Silva T Research analytical tools for volt/var control
: MadsonCortes
Electric bus 6.4MM Luiz C. P. Silva |
Microgrid Project 45.3MM AL\utIZ . II;) SI.II\./a M Andra(_je 4 star'gup company deve.lopmg. i
nSNOTOmIio Analytics  analytical tools for electric mobility
Walmir Freitas
: . Fernanda Trindade
Platform for electric mobility 47.7MM Luiz C. P. Silva
Marcos Rider A startup company (now a scalg
R$ 178.2 MM Thinking i
Total Bibactyon S company) in sensors and meters

http/AMww.timeenergy.com.br
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A Platform for smart grid technologies integration: one of the largest living labs in Latin America PFL e

7 PV Farm
1 2 3 4 S km

T T 1 Tanquinho

Barao Geraldo Living Lab ?
2] Substations '

— 138 kV
= 11.9kV
=220 V_
— Smart Campus
0 PV Farm
° Rooftop PV
___ Santander
| TTe————
Data \ N Sincrotrp/n
Center N (
‘\\‘/.‘¥
~ Technopolis,
Vionte S




A Platform for smart grid technologies integration: one of the largest living labs in Latin America CPFL  %u® 4

uuuuuuu

Technologies

; - PV Farm
= - 0 1 2 3 4 5 km

PV generators Barao Geraldo Living Lab . | l ' | i Tanquinfo

Electrical vehicles B - Substations

Storage systems —138kV :

Smart meter 119KV

El_ectror_uebased regulators 559y / -

Microgrids —— Smart Campus

A-DMS _ _ 0 PV Farm

Data analytics /Bigdata = . Rgoftop PV

PI’OjeCtS Santander

PA3012: PV rooftop
PAO060: Electric mobility -
PA3018: Energy storage A e,
PA3048: Technical losses i"ﬁ‘é,\\"ﬂ
PA3047: Volt/var iﬁl
PA2030: Load disaggregatic
PA3032: Sustainable campt

Sincrotron

Technapolis,
Vionie !
d'Este”

PA3043: Electric bus A
CS3060: Electromobility % \é
PA3058: Microgrids u.\::w.p

Data science: data
analytics / big data

~R$ 180million

P A Y, |
v : P ~ »
Investment: y | = u
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R&D: Sustainability — from research to commercialization

Intensity of participation

Development of ideas,
concepts and methods
(Research)

Teamwork:

A
A
A

UNICAMP
Research Centers

High tech consulting
company (startip
company-e.g., ERA)

CPFL Technological
Depart.

=

Intensity of participation

Development and
application of products
(Development):

N\ Teamwork :

A High tech consulting
company (startp
company-e.g., ERA)

A CPFL Technological
Depart.

=

&
W

uuuuuuu

Commercialization and
maintenance of products
(Sustainability):

Teamwork:

A High tech consulting
company (startp
company-e.g., ERA)

A CPFLTechnological
Depart.

27



&
W

Internationalization

uuuuuuu

Academic collaboration: Utilities: Research Centers/Initiatives:
1. University of Alberta- Canada 1. Hydro One-Canada 1. Alberta Power Industry
2. Ryerson University- Canada 2. Toronto Hydro- Canada Consortium- Canada

3. Ca_rletor) University- Canad.a 3. EPCOR-Canada 2. Centre for Urban Energy
4. University of Tgxas .at Austir USA 4 ATCO —Canada Canada

S.  1exasA&M University —USA 5. ENMAX — Canada 3. NEST/NSERG-Canada
6. Washington State UniversityUSA :

7. University of Manchester UK 6. Nova Scotia Power Canada 4. Natural Resources of Canada
8. Cardiff University— UK 7. BC Hydro—Canada (NRCan) — Canada

9. University of Melbourne- AU 8. Tata Power-India 5. PowerTech-Canada

10. Technical University of Delft- NL 6. EPRI-USA

11. University of Southern DenmarkDK 7. NREL-USA

12. Carnegie Mellon University Africa RW
Sample of products/awards/responsibilities:

V |IEEE/PES Technical Report: Electrical signatures of power equipment faili&® Committee Award for Outstanding
Technical ReportFor Advancing the Power Quality Data Analytics Domain by Demonstrating Techniques for Predictic
Analysis of Electric Power Equipment Failure,"” 2620hair: Walmir Freitas

V CIGRE/CIRED:Methods for hosting capacity estimatia@chnical report on best engineering practices, 2022 —
Member: Walmir Freitas

V NSERC Energy Storage Technology Network (15 universities, 26 industrial, utility and government panm&gest
Canadian initiatives on energy storag#)152021— Member of the Board of Directors: Walmir Freitas 28



Next steps: DER protection, regulation, and network costs (started: 09/2022)

V Issue 10ONS proposed minimum DER protection settings concerned

with the interconnected system securitypotential impact on
Islanding protection (safety of collaborators and customers)

Solution develop aisk-based method to determine the minimum
requirement for DER protection settingslecisioamaking process

Issue 2 ANEEL is investigating the possibility of proposing
minimum DER regulation curves to support the syst€g1(1/2021)

Solution develop a&compromise solution-based method to
determine the potential benefits fradieRsby using regulation

curves considering perspectives of utilities and customers and the

cost for DER owners

Issue 3BANEEL has to determine the system benefits/costs inpu
by DERs(PL 5829/29)

Solution develop arexpedite technical-economic method to
estimate the cost inputted by DERSs considering system investm
and the benefits of loss reduction

—

—= )]
cere . ERA S2 D
Standard settings
st':\r?gg’ q Failure risk Determine
< X9 i
I Ino< X% proper solution
risk-based approach
P.Q4 Benefits: Costs:
V  \oltage quality V Individual generatior
V  Losses reduction
! Droop v Higher hosting V  Higher inverter rating
capacity
| Cost/Benefits $
Setpoint Vi

compromise solution-based approach

Upgrade costs inputted for:
V  Customers

‘ V  Distribution system

operators

Loss reduction benefits for:

V  Customers

V  Distribution system
operators

expedite technical-economic approach 29



Next steps: Advanced assessment and management of DER hosting capacity (approved)

V Issue 1how to calculate the DER hosting
capacity efficiently for MV and LV systems?
V Issue 2how to use such results for HC
management?
V Solutions
U developanalytical and expedite method
to dynamically update the results
U develop GlSbased methodsrapping to
aggregate the results fmchnicaland
general public
U develop methods for decision on systef — 5
upgrade with integration of hosting Rl B o Lk
capacity and costs \*L:tl

hosting capacity mapping for
situational awareness
(internal and external)

Hosting
capacity

Unacceptable deterioration

Limit

Performance index (HCj,qe,)

Improvement

hosting capacity mapping fdecision-making process on upgrade investment

Amount of new generation 30
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Next steps: Non-technical losses — detection and location (approved) ERA &2

V

CRNEE—
\.—’ uuuuuuu

Issues(a) most of the methods used nowadays are based on pattern recognition and Al developgulitar

scientistswhich do not take into consideration technical aspects of power syéierise distribution systems al
evolving from gpassive, nossupervised structute anactive, supervised structure

V Solution develop awybrid, evolutionary method

Evolution 1

3 3
Unpaid Bills

Inspection 5 ;
; History

225l Consumption
History Commercia

Q] @

Integration of data science
advanced techniques
Data conversion %
+

Regulatory TL @

NTL per feeder | pre and post-processing of data and information |

Wit
Operation
History

Operation

Monthly measurement
data

Evolution 2

Monthly measurement
Electrical data data
(Smallworld)

Unpaid Bills
History

w Recloser: measurement (I - 15 min)
| suB I I: & F

{
Feeder:
SDDT measurement =
(V, I, P, Q - 15min) MV Customer:
: ZFA measurement
(P, Q - 15 min)

Inspection Switc
History Operation

Consumptnon History
H|story

Electrical, commercial and operation data -

LV Customer:
Electricity bills
from customers

Measurements (AMI: partially deployed)

Evolution 3

Feeder:
SDDT measurement
(V, L, P, Q - 15min)

MV Customer: |::> E -3‘.

ZFA measuremen
(P, Q, V- 15 min)

| 5 o
32

Loadsha
Inspectlon SW|tch LV sy=tem

H'StOW Operation

Consumptlon History
Hlstory

Electrical, commercial and operation data - Measurements (AMI: fully deployed)

N MV/LV Transformers:
= Smart meters
=/ (P,Q,V-15minto1h)
1= :

(P,Q, V-15minto1h)

l Evolution 1 l

Evolution 2

V'

Center of
Intelligence

Evolution 3

31




Future project: Smart meter data analytics — GIS/BDGD automated correction (to be submitted)

Issue:Utilities GIS and other related databapessents
errors and inconsistencies due to:

V wrong data registration
V absence of data

V line parameter variations due to weather conditions and
equipment aging

V manual procedures for database update from field crew

ldea:Combine customesmart meter datanddata science
to automatically correct:

V system topology V switch status

V line parameters
V transformer parameters

V MV/LV transformer tap
V voltage regulator settings

Sample case:
Real MV/LV systems: 2,175 busés000+ customers
(87% residential); 76 MV/LV transformers

Estimation system topology e line parameters

&
o

uuuuuuu

Metric Success Rate (%)
Resolution (min) 15 30 60
Estimated LV lines 92 92 91

Customers phase connectf 100 100 100

Error (%)

Estimation Error of Tap Position — Distribution Transformers

015 |

0.10 |-

0.05

0.00

-0.05

R

Meter Error Sync Error

Gross Error

Switch Error  Multiple Errors

Estimated Tap Position — Voltage Regulator

V customers phase connection V capacitor bank settings I
4 b=
Sources: g LL
V. C. Cunha, W. Freitas, F. C. L. Trindade and S. Santoso, "Automated determination of topology and line parameter$age@ystems using smart “; =® Reg AB - Estimated
meters measurements," IEEE Transactions on Smart Grid, vol. 11, pp568282020 O IEEE 2020 RN i Ezggg:::nmd
V. C. Cunha, W. Freitas, and S. Santoso, "Determination of tap position of transformers and status of switches inndégstinnsousing a generalized -2 Reg BC - Real
state estimator,” submitted to IEEE Transactions on Power Delivery \ -9.6 R oo &
- 1 1 1 1 1 1

V. C. Cunha, W. Freitas, and S. Santoso, "Determination of physical status and control settings of capacitor bankeaeduattag in distribution
systems using a generalized state estimator," to be submitted to IEEE Transactions on Power Delivery

0 3 6 9 12 15 18 21 0



Final comments: next breakthroughs (long-term developments) %

Active, supervised distribution systems
(grid-edge technologies)

Potential applications

A Active risk-based asset management
A Proactive protection and control

A Active system/equipment condition monitoring
A New services, business, and market models

uuuuuuu

Data Science

 aruficial machine learning data
intelligence visualization
Data : 1010
‘/\j analytics ‘ Ry '0/0

data

statistics data mining storage
risk-based -
methods optimization pattern recognition

Potential data sources

A AMI (smart meters)/SCADA

A PQ and waveform measurement units
A GIS database

A Commercial database

A Weather stations

A Demographic/economic database

33



Final comments: Living laboratory
V Why a living lab?

U Technological researches should go outside the university walls

to reach the end users/customelsgher probability of technological succesal(ie for
society)

U Technological developments must be in accordance with economic, regulatory and m:
Issues Yalue for the electrical sectomcluding customels

U Technological developments should lead to successfuligifataleup companiesv@alue
for national econonmy~ new products and jobs

U Not to be misunderstood: although technical researches and product developments ai

Important,academic/basic researches are vasalmain breakthroughs come from these
iIdeas/concepts
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Thank you

walmir@unicamp.br



