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THE OLD GRID IS UNDER ATTACK

Decarbonisation

Targets for carbon reduction will see changes to
both the supply and demand side. On the supply
side there will be an increase in renewable
generation connected to the system. While on
the demand side new uses of electricity such as
transportation and heating along with demand
response will disrupt the well understood
demand profiles that industry has used.

25% of global capacity will come from
renawabla genaration by 2018
TEA. Runewalde orrergy mediin -term niarket wport, 2013

Generation

Build sufficient grid
connected, large and

Transmission

Balance the system by
adjusting generation

controllable generation to
meet demand.

output to meet demand.

Substitution

Customers will substitute the products and
services provided from traditional utilities. For
instance, customer owned distributed generation
will substitute for grid connected generation and
micro-grids will offer the potential for entire
communities or businesses to move completaely
off-grid.

40% of capacity In Germany Is from
distributed generation.
Bain & Co, Distribited ooy, Dsrugiting e wilily busine,

Distribution Retail

Deliver and bill with as
iIstomer interaction
as possible.

Over build and then

operate blind. little

New Entrants

MNew business models will provide opportunities
for new entrants to capture value in the market.
These new entrants will seek to become
intermediaries between the customer and the
traditional utilities. Aggregators, internet
switching sites and Energy Service Companies
(ESCOs) are examples of such possibilities.

The ESCO Industry in the US could reach
$15billlon by 2020.

Borkeloy Labs, Cutront Sl ity Mirdkert Poteritial
of thwer UL S Eren'gy Senw 3 13

Customer

Little knowledge of how
electricity is consumed.
No incentive to u
electricity at different
times of the day.

REGULATION

Allow a rate-of-return on assets for meeting customer service standards

Changing demand patterns

As customers find new uses for electricity, bulld
their own generation and engage in demand

response then customer demand will become ever

more difficult to predict and as a result the
traditional method of varying supply to meet a
predictable demand will become progressively

less viable. In addition, new uses of electricity and,
in developing countries, increased electrification

will lead to increases in peak demand.

By 2020, global demand response capacity Is

expected to reach 140 GW
Nevigant Research, Marfet data, Demand responss, 03 2013

Customer Expectations

Customers of today demand immediacy and
accuracy of information. The utility mode| of
telling customers months after the fact how
much they consumed and the cost is an outlier
in terms of customers’ experience with other
service providers where immediate feedback
on mobile platforms Is avallable.

By 2012 there will be 5.9 billion smart phones
worldwide
Enicsson mobiliy report, Novermbar 2013

Technology

Technologies for alternative generation, storage,
communications and sensors are, or have
reached, a lipping point that allows their economic
deployment. New grid equipment now comes with
a multitude of sensors and measurement points
that previously would have been expensive to
obtain but now come as standard.

From 2003 to 2012 the levelised cost of PV
has dropped by nearly 50%
Wk Enengy Councl, Workd ener vupeetiv cost of enaray
At i, 3
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KEY ELECTRIC UTILITY INDUSTRY INSIGHTS FROM THE WORLD

ECONOMIC FORUM — DRIVING CHANGES

DECENTRALIZATION

Makes customers active
elements of the system, though
requires significant coordination

i
1

Critical to long-term carbon
goals and will be a relevant
distributed resource

Key technologies:
energy efficiency,
solar PV, distributed
storage, microgrids,
demand response,

@ Key technologies:

L Network technologies
(smart metering, remote

control and automation

systems, smart sensrs)

and beyond the meter

(optimization and
aggregation platforms,
smart appliances and
devices, IoT)

Key technologies:
Electric vehicles,
vehicle to grid/home,
smart charging, heat
pumps

DIGITALIZATION

Allows for open, real-time,
automated communication and
operation of the system

Source-Reference 8
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1. Electrification, which is where more things become powered by electricity,
such as within trucks and domestic heating. Due to the increasing availability of
renewable energy sources, electrification will reduce our reliance on fossil fuels.
In many cases, electrification will also increase energy efficiency.

In OECD markets, the most promising electrification opportunities are in those
segments that are among the largest polluters: transportation, commercial
applications and residential heating and cooling.

For decades we have relied on massive power plants and grids to bring us our
energy, but that landscape is about to change dramatically.

2. Decentralization takes the power supply and storage away from the main
grid and into locations closer to where it's needed. There are various
advantages to this, such as reducing losses of energy during transmission and
lowering carbon emissions. Blackouts will be reduced as the security of supply is
increased, thanks to the larger number of available power sources.
Decentralization also enables control of energy use during peak-demand and
high-pricing periods.

3. Digitization is the increasing use of the internet within this space. For
example, smart meters, which measure exactly how much energy is being used,
will connect with a digitized grid. The grid, in turn, will be able to process and
use all that information to maximize its efficiency.
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FROM MDC TO THE MDM

Manual

AMR

MDC

AMI

MDM

MDM Future

>

MDC +

Scheduled reads
by
Meter Reader

One way

communication.

Data pushed
from meter.

Residential -
Basic Headend
System.

Little analysis
capabilies.

C&I — Meters
interrogated via
modem.
Reports.

Residential (and
some C&l) -
Bi-directional

communication.

Meter able to
receive
commands and
send data.

C&l, Highend, and
Residential

VEE +

Agregation

Group Alarms &
Notifications
Energy Balances
Web services

Reports and graphics

>
>

Basic Set
Extended Set
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MDM APPLICATION SETS

Base Applications Extended Applications
« Data Receipt « Asset Management
« Data Validating, Estimating, « Customer Billing Information System
Editing (VEE) « Commercial & Industrial customer web portal
.« Aggregation and Affiliation * Energy Theft
« Storage «  Workforce Management
- Official Record Keeping + Financial Management
» Interfaces to the Enterprise « Outage Management
« Reporting « Seftlements
« Relationship Management « Credit and Collections

« Demand Response and Load Curtailment
« Load Research and Forecasting

« Customer Engagement

« Geographical Information Systems

« Power Quality

« Rate Design

* Line Loss Analysis

 Prepayment

Source-Reference 3
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HOW ARE BIG DATA AND ARTIFICIAL INTELLIGENCE RELATED?

1. Itis extremely difficult to store the massive 2. Traditional computing techniques are

amount of data a utility company generates. not able to handle such large datasets.
Artificial intelligence is often used to

process this type of data

Data

3. Artificial Intelligence and its sub e e

branches (Machine Learning, Deep
Learning, Neutral Networks, efc...)

all are algorithm based. 4. These algorithmic methods are used

on Big Data to produce desired
results and to find trends, patterns
and predictions.

5. The idea of computer-based B o eakSIIe
artificial intelligence dates to By
1950, when Alan Turing proposed
what has come to be called the

6. The term “arfificial intelligence” was
coined in 1955, to describe the first

Turing test: Can a computer academic conference on the subject, at
communicate well enough to Dartmouth College. That same year,
persuade a human that it, too, is researchers at the Carnegie Institute of
humane Technology (now Carnegie Mellon University)

Source-Reference 5 & 7 produced the first Al program, Logic Theorist.
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DIFFERENCE BETWEEN DATA ANALYTICS AND Al MACHINE LEARNING

« Data Analytics
Data Analytics is the process of aggregating data in order to report a result, search for a pattern and find
relationships between variables. Assumptions are made by humans, and data is queried to attest to that
relationship. If valid, testing may continue on addifional data.

* Predictive Analytics
Data analytics leads naturally to predictive analytics using collected data to predict what might happen.
Predictions are based on historical data and rely on human interaction to query data, validate patterns,
create and then test assumptions. Assumptions drawn from past experiences presuppose the future will
follow the same patterns. “What/if” assumptions are informed by human understanding of the past, and
predictive capability is limited by the volume, time and cost constraints of human data analysts

* Al Machine Learning
Machine learning is a continuation of the concepts around predictive analyfics, with one key difference: The
Al system is able to make assumptions, test and learn autonomously. Alis a combinatfion of fechnologies, and
machine learning is one of the most prominent techniques utilized for hyper-personalized marketing. Al
machine learning makes assumptions, reassesses the model and reevaluates the data, all without the
intervention of a human. This changes everything. Just as Al means that a human engineer does not need to
code for each and every possible action/reaction, Al machine learning is able to test and retest data to
predict every possible customer-product match, at a speed and capability no human could attain.

Source-Reference 9
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https://www.forbes.com/sites/forbesagencycouncil/2018/04/17/three-ways-artificial-intelligence-can-enhance-your-personalization-strategy/#4a44116a5159

PHI- PEPCO, ATLANTIC CITY ELECTRIC, DELMARVA POWER

Approach to Creating a Smart Grid Analytics Roadmap

1. Data Analytics 2. Prioritized 3. Initial 4. Use Case
Checkup Business Plan Action Plan Use Cases Benefits

Phase

> * Completeinternaland : - Prioritize Use Cases : + Refine cost benefit  : « Develop use case ~ : Complete 4 stage next . « Track, monitor and
§ external capabilityto | based on need, i analysis and overall : implementation plan steps; :  display benefits

0 support use cases i implementation effort :  implementation i for priority areas and 1. Requirements Validation ©  across defined

g « Finalize current i andoverall ROI . effort based on i assign owners i 2. Operationalize Use Cases : categories

®  analytics inventory i calculations i characteristics i 3.Use Case Development  : | pinritize quick win
2 " i { i 4. Use Case Deployment Plan: benefits

o °Systems Mapping ’ ‘

Analytics Inventory Requirements Gathering

0 -
Q 2L —
£ :

<) - |

O .

-t -

: -

(o]

~

m H

% Data Source Mapping Deployment Roadmap | : Use Case Benefit

© | ! e 1 -

@ 3 = @

2 =

E\ " _=__ es

Q ; L .
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PHI - SMART GRID USE CASES

Industry Use Cases Layer Reliability Customer
= * ASR Scheme Analysis * Customer Service & Call Centre
Grid . L. . w
« AMI Operations & MDM En\firop‘mentaI/Sen51t|ve Area Analysis (for Performanceh N 4
s Distribution Atitomation 8 SCADA Rell.abliltv, Works Management) * Customer Reliability & Safety . 2
- Data Model/Store (Big Data Capable) OpFlm.a.l Swﬁch/?tec!oser F.’Iacemeﬂt Customer Segme_ntatlon & Targeting 5_
« Network Connectivity Analysis . Rellab!llty Analysis (including outage = Revenue Protection/Energy Theft
analysis) Load

» Network Models - T&D, Secondary

. Networkeyher & Physical Sequrity * Reliability Optimization & Cost/Benefit * Asset Load Analysis
» Distributed Generation Analysis - Impacts * Storm Analysis (Monte Carlo, etc..) * Uienhuiion toad Parccasting
ntetconnaction "« Vegetation Management * Load Balancing
*  Load Profilin
« Demand Response Control, Fuse Checker, Asset Management e L dil bt
PV Checker »  Asset Performance & Health QWER. Catl ROW AR

¢ Asset Management & Maintenance Voltage
= Voltage Monitoring

* Voltage Optimization & Cost/Benefit

« Demand Response Planning (EV's) :
« Fault Management & System Restoration  ° Materials Management

(FMSR/QFISR) Enterprise : .
* line Impedance & Matching * Financial Management ‘ Con‘servatmﬂ \{‘oltage RBdUCFIOH
* load Shedding * Human Resource Management * Optimal Capacitor Bank Design & Placement
* Qutage/Fault Location & Detection * Meter to Cash Analysis * VoIt/VAR Control
* Phase Balancing * Business Process Operations
* Protection * Fleet Optimization Work
+ State Estimation « Program/Project Management * Field Force Performance

+ Settlements * Work Management Analysis

Intelligent Endpoint Devices and Application Layer

Communications Layer

Power Layor infrastructure

frastrictuares -

Source-Reference 2

Confidential Material

——

Abe Oriérga,i

OBROSINTERNATIONAL, LLC




PHI — PRIORITIZED USE CASES

High

Deploy
-

e Reliability &
ASR Scheme
Analysis

ROI

ALustomer Service & Call

Revenue Protection/

i Energy Theft

. / Centre Performance
@ Atage
o ontbiing @ Voltage Opt

Work

Storm Analysis

Management

{1 Line Impedance/Matchir

@ Distribution Load
Forecasting

 Reliability Analysis
. Enterprise Analyti

. 7]
() Load-3hedding (LS)

t0ad Profiling
; @ Power/Load Flo
Adset Load Analysis  (Monte Carlo, etc.) :

Knalysis O Protection (Loadability,
Vaterials Management

Sensibility, Duty)
Vegetation Mapage

Low

— Potentially Defer .
Implementation Effort High
Analytics Type @ customer @ Load () Grid Reliability Work () Asset @ cEnterprise @ Voltage
Source-Reference 2
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MAJOR ANALYTICS BENEFITS — EXPECTED METRICS OF

SI iNn~coco

Metrics of Success

Category AVOi
voided . . .
™ Revenue ($) M Service M Productivity ($)
Cost (9)
Improved revenue
Grid ouscomes from tailored DR Optimized Capital Spend Customer Satisfaction Resolution/Restoration
L tariffs Truck rolls/field visits Regulator Satisfaction Operational response time
Planning
Voltage N/A Optimized Capital Spend Voltage Swell_and S_ag throughput/output
Customer Satisfaction
FTE/Contractors
Process
Segmented customer rates| ¢ Service Calls . .
Customer I e e Customer Satisfaction throughput/output
Call Centre Performance
Planning
Reliability N/A QL SAIDI, SAIFI, CAIDI, CIME | throughput/output
Overtime
FTE/Contractors
Planning
Optimized Capital Spend Optimized Load & Demand
Load e Asset failure Environmental Outcomes AATELE T e
FTE/Contractors
. . Planning
Asset N/A ;::asie:t:!:;:;ee out Asset Health & Life e O
FTE/Contractors
Truck Rolls . . Re-work events
Work e Overtime/Contractors LT e S Optimized Work Day
Ent . Revenue Assurance (meter| * Business Process & Service Cycle time/Output
IR TS to cash) Operations/Process Waste | Consistency/ Efficiency FTE/Contractors

Source-Reference 2
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CONCEPTUAL ARCHITECTURE FOR ANALYTICS

- ™
Web % Reports/dashboards/visualization tools
. A
o iz ~\
= Real-time analytics Mid-/high-
=! !
%B (CEP: in memory) ‘M latency analytics
.
A $ i
”
Analytics data store (meter/device data
repository - structured/unstructured data)
N $
-
‘ ’ Integration/business process management
.
:[ Actions/status ]:
' ™y - =%
® QOperational data ® Asset data Grid/enterprise systems
* Fvents ® (Grid connectivity data e OMS e 3IS
* AMI data ® Neter data e DMS e MWMS
* Topology data ® QOther data e FAM e QOthers
[weather, census, etc.)
. il L o

Note: OMS: cutage management system, DMS: distribution management system,
EAM: enterprise asset management, GIS: geographic information system, MWMS: mobile workforce management system.
Source: Accenture,

Source-Reference 1
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TEN PRIORITY USE CASES THAT CAN DRIVE SIGNIFICANT VALUE FOR
LITIL ITIES

Revenue protection Detecting unauthorized use and configuration errors and recovering lost revenue

Voltage optimization Using asset-condition models to refine operational settings of assets to save on power costs

Demand-response effectiveness Increasing participation in demand-response programs and improving savings achieved from load
control

Load forecasting and planning Improving long-term investment planning based on bottom-up demand and asset load and

condition indexes

Outage detection and response Reducing outage costs from enhanced response to outages (detection, isolation and restoration)
Outage prevention Reducing equipment outages by focusing on assets with highest risk of failure

Investment planning Revising priorities of asset investments based on analysis of asset risk and consumer impact
Maintenance strategies Revising maintenance strategies, policies and programs based on condition and risk analytics
Energy efficiency ldentifying and helping consumers improve value from energy and energy efficiency

Energy services Targeting consumers for services and pricing to help improve value from energy and with

adoption of new uses (e.g., use of distributed generation, photovoltaics)

Source-Reference 1
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EXAMPLES OF UTILITES USING ANALYTICS AND ARTIFICIAL INTELLIGENCE

f/ ufn B
v/, UtilityAnalytics.
INSTITUTE
1. WEBINAR - Intfegrating Arfificial Intelligence info Outage Management Systems
at Florida Power & Light
. WEBINAR - Optimizing Energy Asset Lifecycles with Predictive Analytics — NOKIA
. WEBINAR - Analyfics as Strategy - Integrating Analyfics to Drive Customer
Value and Operational Excellence — Tacoma Public Utility
4. WEBINAR - Delivering Utility Customer Value with Analytics and the Digital
Grind
1. Presentation: SAS 2018 - Delivering Utility Customer Value with Analytics and
the Digital Grid
2. Presentation: ENTERGY - 2018 - Delivering Utility Customer Value with
Analytics and the Digital Grid

Confidential Material -
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WHAT WILL HAPPEN TO MDM?

At least two Scenarios are possible:

% The application as it is has existed so far will disappear and its purpose and functionalities
absorbed into Business Intelligence and Analytics solution packages.

s The application will continue to be marketed as an standalone solution with different
providers targeting different customers segments, but in essence will be an Analytics-based
solution.

% In either scenario the interface set must expand to accommodate the new grid imperatives.

Source-Reference 9
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FROM MDC TO THE MDM

Manual

AMR

MDC

AMI

MDM

MDM Future

>

MDC +

Scheduled reads
by
Meter Reader

One way

communication.

Data pushed
from meter.

Residential -
Basic Headend
System.

Little analysis
capabilies.

C&I — Meters
interrogated via
modem.
Reports.

Residential (and
some C&l) -
Bi-directional

communication.

Meter able to
receive
commands and
send data.

C&l, Highend, and
Residential

VEE +

Agregation

Group Alarms &
Notifications
Energy Balances
Web services

Reports and graphics

>
>

Basic Set
Extended Set
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PrimeStone

Intelligent Data Collection + Analytics

Prime Analytics+

Coming soon
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TESTABILITY

The new architecture
simplifies test
automation and
quality assurance
across the entire

| ,,
MULTITENANT / INTEROPERABLE

I 1

USABLE / ROBUST / MAINTAINABLE
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Prime Analytics+ PrimeStone

Intelligent Data Collection + Analytics

Caracteristicas principales

» Procesamiento distribuido — Cluster, Cache, Tecnologias
MOM

» Multi-tenant

»Soporte a BDs relacionales o no-relacionales — Uso de
Tecnologias Big Data

»Arquitectura de  microservicios & estandares de
interoperabilidad

» Contenido de la soluciones

» Experiencia de usuarios en usabilidad
»Soporte de estdndares de seguridad
»Soporte plataformas loT
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PrimeStone
Intelligent Data Collection + Analytics

Prime Analytics+

Zona de Analitica

CALLERS

Zona Big Data

CALLERS

o |

%

Zona Microservicios

. IMPORTS
/ EXPORTS

i

> S
o %

-




Prime Analytics+

PROCESAMIENTO EN CLUSTER

“DATA LAKE”

GESTION DE LA
MEDIDA

VEE /
VALIDACIONES Y

BALANCES &

DETECCION DE
-@ Q S
0 ¢

=

SISTEMA DE ARCHIVOS
DISTRIBUIDO

o

[ BDs SERIES DE TIEMPO ]

T
—

[ BDs SQL & No-SQL ]

ZONA DE BIG DATA

@ r[\ O
= .

PrimeStone

Intelligent Data Collection + Analytics




Estrategia

I Objetivos

Prescriptiva Objetivos

;Como podemos hacer que ocurra
¢ . Tableros .
\ el escenario planteado? de control Indicadores
Reportes = / métricas

B & &
‘ il
Graficas 5 =’

T Alertas

- Informacion —0@

Casos de Negocio

;Qué pasaria en el negocio?

* Operativos

»  Gestion -
* Clientes @ +ﬁ¢ App’s 1| HIL.. \_T__/
9 (medida - Copias)

-y é Diagnostica
'y ) ;Por qué ha pasado esto
en el negocio?
PrimeRead A = %/
&F |= Blsqueda Contrastar datos

Externos Descriptiva

Informacion
adicional o
complementaria

/ ¢Qué ha pasado en el negocio?

Z.200

Conocimiento

Internos

Visualizacion

Generacion
de modelos
analiticos

de informacion
(+valor)

Consolida
informacion de
fuentes de datos

Analitica
de datos

Informacion
detallada

GENERADOR DE l APOYA LA TOMA DE DECISIONES

DATOS
Qlik Sense @

ZONA DE ANALITICA PrimeStone




Pr'l me An a lyt‘l CS+ INTERFAZ DE USUARIO

C ry C ‘ Mis filtros v Mis graficos = Mdru@

Aplicaciones PrimeStone ‘

MICROSERVICIOS

* &

PAANN

Nugstra expenencia, capacidades y esfuerzos por ofracer el mejor
valor a su inversion estan en la construccion conjunia de jas
soluciones y Servicios que su empresa necesita.

PRIMEDR

CAPACITACION S* soLUCION DE
COMERCIAL * P TELEMEDIDA EN
" CHILE - Octubre
Pars Primestone. 3 O = 23 T
can un i & CCE, compafifa del Grupo 1
al " on Naty gy Natus ’
lr:da! 1= nncenicaries de Eonnesl E"F‘v‘i:: nﬁn:'

3
B
g
i
g8
2

$ x | 9
i
L# ;J @
Serv s
Web

microservices - application databases P I

1t

INTEROPERABILIDAD

Estandares de Integracion

=

ZONA DE MICROSERVICIOS PrimeStone

Intelligent Data Collection + Analytics




Prime Analytics+

Respuesta a la

demanda / EE

Pronosticos de

demanda

VEE - Alarmas - Balances

Aseguramiento

de ingresos

Andlisis de

Micro grid

Calc - Agregacion

S

PrimeStone

Intelligent Data Collection + Analytics

Analisis de

consumos

Calidad de

potencia

Alumbrado
Publico / Mto

preventivo

Ver. de datos
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