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Why Smart Grid and Smart Metering are so important C HCI

Enel Smart Grid Experience — toward operational excellency

Streamline Maintenance
costs
Optimize capex allocation

Reduce Operation &
Maintenance costs
Reduce outage duration Automation |Management

Process

Re-engineering

Increase workforce
productivity
Improve safety

Reduce Meter operation
Costs

Reduce energy losses
Improve collection rate

Work Force
Management =y

Enel approach to Smart Grid is based on four technologies and a deep
process/ organization re-engineering



Why Smart Grid and Smart Metering are so important clalel

Enel Italy, the impact of continuous innovation & technology deployments

_ Reduction of the distribution
Operational excellence component of the tariff 2

Tariff- average(c€/kWh)

128

Outage{‘

Smart metering Outages?! 66% 18,47

Network automatization €/end users 40%

Work force Management 11,15
/ ProceSSoptlmlzatlon 48

cost/end users
Digital convergence '  pessaa--TTw
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* Smart Metering is the cornerstone of Smart Grid cluster program, leading to
strong benefit to Consumers and profitability for DSO

1 SAIDI
2 AEEG



Why Smart Grid and Smart Metering are so important CNCI

Enel Smart Grid Experience — toward operational excellency

Smart Meter (AMI)

* 47 M smart meter installed
* Focus on massive quick implementation,
100% coverage of customers, Automation |Management

* Typical benefit are loss reduction, collection
rate improvement, productivity increase, back
office rationalization

* Key features of Enel solution are

Process
Re-engineering

Work Force

- Meters and More PLC communication, meters
' ' woMEre Management

robust, noise resistant, e ts. L

- high success rate remote Reading & Work
Order Management

- Security by design antitamper and cyber
security,

* Now new breakthrough solution integrated with
LV network automation, multimetering + new
services



System Architecture
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Enel CERVANTES Solution calel

Current generation of Smart Metering for Enel Subsidiaries

. Plug and play
. Relais, load limiting

Post-pay and Prepay

H

'\...

IIHIIIIT“I

-9~ Robust anti intrusion/ tamper

meters
‘ Robust, high success rate, open PLC Protocol AND mOre

OPEN TECHNOLOGIES
‘ Enhanced Cyber Security

* 2nd generation of Smart Meters, implemented from 2010
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Smart Metering solution

Enel experience

Function

Smart Meter remote reading
& work order management

Revenue protection °

Based on Enel experience significant improvement of opex
and revenue protection

1 Improvement estimation based only on Enel experience

Benefits

Meter reading & operation costs
False Dispatch reduction
Power Failure of Meter

Contract change

Energy losses

Fraud/ tamper verification
success rate improvement

Credit collection

—_—

Meter O&M
up tol

V8%

& ER ATAY

/T ad
ja . L

e LI [TTIITH

i
SRR iy

A



Enel new Open Meter Platform
Enel new generation platform, now in roll-out in Italy for 32 M Smart Meters

* Meters and More open
protocol PLC

* Radio-frequency 169 MHz

* Optical Fiber enabled

REN

CCl
* Beyond the electricity concentrator:

Multimetering (e.g. Gas, Water) (*)
* LV Grid remote control and

Management of street level sensors,
enabling LV network automation (*)

HOME(¥)

Energy Box 1: Open Meter
= |)

29M
Single phase
starting Q4 2016

I @

3M
- SMART HOME
@” 4 APPLIANCES Polyphase
~7/ starting Q4 2017

Webh interface
Smartphone App

(*) not included in SEC specs/ Enel offer

Sty [
LN | T b
IP over 3G / 4G / Fiber Optic

Low Voltage Manager Cloud-based Big Data Analytics (*)
(LVM) (BEAT)

Up to 7,000 BIn measurement values
per year
starting Q3 2017

380,000 devices
starting Q4 2017




Enel Open Meter Solution elalel

Additional features of newest generation — a quantum leap in Smart Metering
’ PLC multi band communication* meters
roMEre

OPEN TECHNOLOGIES

RF, Fiber integrated communication

* Not only a Smart Meter but an active grid component
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Why Smart Grid and Smart Metering are so important

Enel Smart Grid Experience — toward operational excellency

Network Automation
——— |

* 100% of HV/ MV substations remotely
controlled; 100% MV self healing network Grid Asset

* Typical benefit are maintenance cost Automation |Management

reduction/ productivity increase, outage
duration reduction and longer lifetime of assets,

Process

* Key features of Enel solution are Re-engineering

- Integrated SCADA + DMS Work Force

- Full HV and MV network decentralized Management
automatic faults identification & clearing
with full standardized product line (RTU,
RMU, Fault Detectors..)

- Advanced RES integration

Each year 60,000+ faults cleared with limited impact on SAIDI/SAIFI*, 180,000+ faults cleared without interruption

CCl
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Distribution Automation System calel

Enel solution

Current
Databases

STMX MV SCADA
System Enel-
Siemens solution

ADMS
el DMS SE system specific
 — customization for Enel

OMS
Outage Management
System

Enel standardized solution
for Fault Location, Isolation

MV

HV SCADAs and Supply Restoration:
MV RTUs, Fault Detectors,
Substations Motorized switchgears***

* Interface with existing SCADA if internationally — STV\.IEb.- real ime Web

accepted com standard ICCP applications
*x requires check on protection and TSO interface

compatibility
Frx Motorized switchgears can be locally sourced —

check cost



Enel automation system typical results

ROMANIA - 2,5 M users

Advanced solution
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Distribution automation system solution clalel

Enel experience

Function Benefits ___ GRID O&M Quality (SAIDI) =
MV network automation with * Reduced outage transitory, frequency up tol up tol _a_:i:
decentralized Fault Location, and duration . =

Isolation and Supply * Optimized lifetime of assets

Restoration, DMS, OMS _
* Safer operation

recs=eiifiiiidia
b £ |

* Reduced Operation & Maintenance costs :.;‘
* Extended lifetime of assets : 3
_ . it
Grid Full Digitalization: * Crew dispatch automation: higher il
e WEM productivity & shorter response time

* Optimized investment planning
* Real time operation planning
* Higher safety

* Optimized investment planning,
lower maintenence costs

* Asset management

1 Improvement estimation based only on Enel ex|



Distribution automation system solution

Enel experience

ROMANIA - 2,5 M users
Advanced solution

SAIDI min Today 63%
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600 | (3] 2010 initial 10% of
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Significant cost redution can be achieved in short
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Further improvements in Enel Grid optimization clalel

Minutes of interruption

% Losses Europe

% Losses Latam

100,0%

Italy / Iberia
Brasil

Romania / Peru
Chile / Colombia

Argentina

Quality and Cost Improvement

2016 2017 2018 2019

85%

84%

67%
62%

Smart fault selection: self-healing new
generation technology with Fault clearing in one
second

LV remote control

Artificial Intelligence: Predictive Maintenance,
Fault identification, chat bot for customer care,
aualification documentation check

— -4%

] T

2016

2019 2016 2019

Grid Losses Reduction

" Further improvement of energy balance and recovery
"Optimization of energy losses/ loss detection analysis
"with A.l. and big data

"Loss detection analysis

"Best practice sharing

"CSR projects



Why Smart Grid and Smart Metering are so important C F\C\l

Enel Smart Grid Experience — toward operational excellency

Asset Management

* Used for all Enel worldwide network
developments

Automation | Management  Optimization of network investments and
maintenance based on risk-return analysis

Process
Re-engineering
WFM

Work Force |

e All Enel teams connected via GIS localization,
Management

on board network cartography

* Paperless operation: mobile Apps for all field
operations + Dynamic work scheduling/
control

* Optimization of assignement and routing,
productivity increase

* Now implementing virtual reality + wearables
aimed at zero accident

17



Asset Management - ATLANTE methodology COCl

Risk based network planning and asset allocation

* Satellite mapping of network assets

* Database of network events available and for all main
grid elements

- power outage notification,
- fault detection
* Advanced DSS SW platform, supports

- Investments allocation based on a risk analysis for
various network and load flow configurations

- Predictive maintenance
* Process reengineering

Network investment allocation and
maintenance risk based optimization



Asset Management - ATLANTE methodology

Network Planning main steps

Steps

Economic
planning

Performance

19

Atlante functionalities

CCl

/

Fault Analysis

Technical-Managerial in-depth Analysis:

structure data (consistency, average length, etc.)

load data (measurements. critical nodes, saturated branches, etc.)
re-supply index lines/P.S.

critical lines identification (interruptions, premiums/penalties)
economic data: planned works analysis (capex/opex)

Physical Status Analysis (ageing, obsolescence, etc.)

Choice of investment based on a set of predifined criticalities (load
flow — electrical calculations, quality simulations)

First design of interventions (macro-activities, cartography medium,
start/end data, preliminary estimates, etc.)

Macro-activities and standard costs
Economic Planning tool
Re-budgeting phases management

Work Progress monitoring (costs-quantities, timetable)
Performance monitoring (Quality, costs-activities)



Enel‘s Android based WFM2

* Android Smartphone, Android Market
Applications

* GPS Navigation system integrated with electric
grid data for automatic assignment

* on-board SW for grid maintenance/ Fault
Management, smart metering

* On board Safety black box
e Camera, Barcode, RFID

* Augmented Reality Applications, wearables to
improve productivity and safety

e Access to company e-mail and intranet website

Technological leadership to further improve operations



CC

Enel approach on how to
Implement a Smart Cluster



What required for Smart Grid C e~ Cl

Enel experience on Regulation and Legislation - possible solutions for Russian market

» Tariff fixation to meet the technical
objectives

= Premium rate on innovation

Economic criteria to define asset
base

= Quick 100% roll-out of Smart
Meters, clear allocation of
ownershipl/ responsibility to
Distributor to merge the patchy
metering systems into a uniform, well-
functioning large-scale AMM system

= Stable long term
distribution tariff:
regulation and visibility for
4 years

= Allowing for sustainable
payback of investments
in smart meters

= Incentives for national
R&D initiatives in
manufacturing smart
meters and other smart
grid elements

Smoothing
of tariff
Job creation

Quality of service: prize and penalties
Loss reduction
Operational efficiency: X factor to promote further

efficiency and

12/1/17 Quality of Service efficiencies
Investment level
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