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Intelligence First

At eSmart our mission is to build digital intelligence to
provide exceptional solutions to our customers and
accelerate the transition to sustainable societies

Hydro
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eSmart’s foundation

20 years of software development for the energy

business

2 decades of experience with machine learning
Extensive business knowledge in different markets
World leading technology vendor

Long experience with innovation processes

Generated revenue of 5 billon NOK from

innovation

Energy
International

Nexen
Carron Energy
BHP Billiton

Merchants and Hedge Funds
Clarksons

EDF Trading

Exchanges/System Operators
All Ireland SEM

Finiancial institutions
Westpac

Energy
Bruce Power

Industry
Xstrata

Energy Distributors/
Retailers
Sacramento

ipal Utility

Shipping

Navios

Energy
E.ON

Portfolio Managers/
Advisors

Energipartner
Energimaklarit
- Hedge Fund

Interkraft
"//

NORDIC

El]ROPE

Energy Distributors/
Retailers
Plusenergi

Transmission Grid
Operators
E.ON

Industry
UPM-Kymmene
Norsk Hydro

Market Place/Broker
IMAREX

IMO

Exchanges/System
|{USEIRA  Operators
Western Australia
ASIA - !
/.

_‘/
"
/."‘
AUSTRALIA

Exchanges/System
i Operators
WESM Phillipines

Korea Power Exchange




Development of PCR (Price Coupling of Regions)

1991 (Norway) 1996 — 2000 (Nordic) 2010 — 2013 ( Baltics) 2014 (NWE) -

The PCR Price Coupling
of Regions - a single
day-ahead energy
market linking

European

countries

From the world’s first spotmarket for electricity to the world’s largest spotmarket for electricity

»




The Internal Electricity Market & Local Electricity Markets

TSO - level: matured market

DSO - level: emerging distributed / local markets
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Internal Data Big Data Technology bridges the gap External Data

; ’ 2 billion inernet users
| 10 TB data everyday
8 TB dala everyday ’
| 152 million blogs on the internet

PRE-SANDY CHECK-INS S/ 27 POST-SANDY CHECK-INS WEDRM

Legacy data systems and traditional Big Data Technology will be crucial 90% of the data is coming from
data warehouses are not designed for the competitive advantages net-new data sources — mobile,
to handle the amount & type of social media, web and machine-
data generated by newer internet- generated data — and this will
scale technologies increase

Rob Bearden CEO - Hortonworks



Big Data

Real Time Analytics

Visualization
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Turning Big Data into
Value

The “datafication” of the
world
gives us unprecedented
amounts of data.

The latest technology
together with the latest
software and analysis
approaches allow us to
leverage all types of data
to add value.
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Today less than 0.5% of all data is analyzed
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The Explosion of Connected Devices

THE INTERNET OF THINGS

AN EXPLOSION OF CONNECTED POSSIBILITY

)
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Source: The Internet of Things — infographic The Connectivist based on Cisco data
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Big Data
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" There are a ot more people
Wwho know how to move aata around than
who know what to do with it”



It's estimated that

40 ZETTABYTES
[ 43 TRILLION GIGABYTES |

of data will be created by
2020, an increase of 300
times from 2005

[ 2.3 TRILLION GIGABYTES ]
O of data are created each day

2029

6 BILLION
PEOPLE

have cell
phones

2.5 QUINTILLION BYTES

Most companies in the
U.S. have at least

100 TERABYTES

[ 100,000 GIGABYTES ]
of data stored

WORLD POPULATION: 7 BILLION

Modern cars have close to

100 SENSORS

@ ( that monitor items such as

fuel level and tire pressure

The New York Stock Exchange
captures

1 TB OF TRADE
INFORMATION

during each trading session

(@)

Velocity

ANALYSIS OF
STREAMING DATA

By 2016, it is projected
there will be

18.9 BILLION
NETWORK
CONNECTIONS

YYyYyyYyryYyYyyYyYyvyy
e T TYTYTIYIIT

The
FOURV’s
of Big
Data

From traffic patterns and music downloads to web
history and medical records, data is recorded,
stored, and analyzed to enable the technology
and services that the world relies on every day.
But what exactly is big data, and how can these
massive amounts of data be used?

As a leader in the sector, IBM data scientists
break big data into four dimensions: Volume,
Velocity, Variety and Veracity

Depending on the industry and organization, big
data encompasses information from multiple
internal and external sources such as transactions,
social media, enterprise content, sensors and
mobile devices. Companies can leverage data to
adapt their products and services to better meet
customer needs, optimize operations and
infrastructure, and find new sources of revenue.

By 2015

4.4 MILLION IT JOBS

will be created globally to support big data,
with 1.9 million in the United States

As of 2011, the global size of
data in healthcare was
estimated to be

150 EXABYTES

[ 161 BILLION GIGABYTES ]

=

there will be

420 MILLI

HEALTH M

i |

are
You

K

30 BILLION
PIECES OF CONTENT

are shared on Facebook
every month

400 MILLI

million mont

Poor data qu
economy aro

.1 TRILI

don’t trust the information
they use to make decisions

Veracity

UNCERTAINTY
OF DATA

in one survey were unsure of
how much of their data was
inaccurate

By 2014, it's anticipated

ON

WEARABLE, WIRELESS

ONITORS

4 BILLION+

HOURS OF VIDEO

watched on
Tube each month

You
‘

You
-
Tube

ON TWEETS

are sent per day by about 200

hly active users

ality costs the US
und

ION A

Sources: McKinsey Global Institute, Twitter, Cisco, Gartner, EMC, SAS, IBM, MEPTEC, QAS




Some Big Data trivia

What happens in 1 second
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Some Big Data trivia - What happens in 1 second
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Some Big Data trivia - What happens in 1 second




Some Big Data trivia - What ha

nens in 1 second

= 67,319 YouTube videos viewed




2,545,417 Emails sent
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* Some Big Data trivia

* More data has been created in the past 2 years than in the entire previous history of the
human race

e By the year 2020, about 1.7 MB of new information will be created every second for
every human being on the planet

1.7 MB

0

1.7 MB/s * 7 000 000 000 = 11.9 Petabytes/sec

1 Zettabyte per day
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— TEcH \ nature

'Machine learning' is a revolution as big as =
the internet or personal computers D

= v & Forbes

s Machine Learning Is Reshaping Our World FORTUNE

Who here remembers taking computer programming in school? Whether you learned progran

THE INTERNATIONAL WEEKLY JOURNAL OF SCIENCE

punching holes in a never ending series of cards, or by writing simple DOS or other computer

commands, the fact remained that computers needed an incredibly precise set of instructions

< a task.
€.

The more complicated the task, the more complicated your instruetions had to be.

.._ tly how to solve a

itself.

Bernard Marr
CONTRIRUTOR

Self-taught Al seftware
attains human-level
performance invideo games

Machine learning algorithms set to transform
industries

QUANTUMPHYSICS.
TELEPORTATION
FORTWO
a rties

|
L

At last — a computer program that h
can beat a champion Go player PAGE484 .

ALL SYSTEMS 90

CONSERVATION RESEARCH ETHICS POPULAR SCIENCE D HATURE COM/NATURE

SONGBIRDS SAFEGUARD WHEN GENES

by Now is the time for businesses to

Ed Burns H H H :
place machine learning applicatic - rq

Published: 10 Jun 2015 hot advanced analytics technolog

ALACARTE TRANSPARENCY GOT ‘SELFISH’ | 04
Hlegat harvest of millions Don’tlet openmess backfire Dawkins's calling
o oiecs Nl | [
MGEAS? PABE4S9 PAGEdE2 5177002808309

e BIITSELF ASA™ e
"MACHINE LEARNING FIRST™

Bise. © COMPANY | Lallalle
WHY DEEP LEARNING IS SUDDENLY
CHANGING YOUR LIFE




ARTIFICIAL
INTELLIGENCE

Early artificial intelligence
stirs excitement.

1950’s 1960’s 1970’s

MACHINE
LEARNING

A

1990’s

> A

XA

2000’s

2010’s

DEER
LEARNING
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Processing power development

NEC Earth Simulator

Worlds fastest

supercomputer from
2002 to 2004

Used 6.4 MW of power
(plus air conditioning)

Housed in a two-story
building

NVIDIA Titan X GPU 65m x 50m x 17m
250W

26cmx11cm x 4cm




‘Machine learning - the science of building computer pro
improve through experience”

Question/purpose

b

Predictive model

Data and examples

OuteTime n
/112004030
nnmcu 0

|. 1/2004 3.30
/112004 4.30
1/1/2004 530

/1/2004 830
1/1/2004930

/2/20040.30
17212004
v
v
1/2/2004 430
/2004530
1/2/2004 630
1/2/2004 730

126259
123313

136233
133055
128008
126791
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rams that

contains the answer to the questions

answers the question on new data
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CONNECTED PROSUMER

Digital intelligence in energy
management solutions

+ Consumption and production predictions
+ Segmentation of customer data

+ Optimal switching

+ Market behavior predictions

+ Risk monitoring

+ Fault detection

+ Automated image analysis

+ Predictive maintenance

+ Intelligent asset management




The Internal Electricity Market & Local Electricity Markets

Network Codes:

The Foundations of the Internal Electricity Market

Connection
Network Codes
Set requirements for:
« Generators
« Demand-side
« HVDC connections

...paving the way
for offshore wind...

Substation-level ESS

Market
Network Codes

Set market rules for:

« Day-ahead/intra-day
and capacity calculation

« Long-term time frames
« System balancing

...day-ahead market
coupling...

ational
2 REowork Codes
Set common rules for:
« Assessing adequacy
« Planning outages
« System security
« Emergency situations

...regional security

coordination initiatives...

TSO — level: matured market

ENPCWER

- -

INVADE

DSO - level: emerging distributed / local markets



[ Belastning under 100% (Nettstasjon)

Belastning over 100% (Nettstasjon)
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eeeee cSmart

ENPCWER

18 January 2017 {5}

Notifications
Charge electric vehicle

Connected units




“Develop and verify a local market place and innovative
business models to encourage active participation of
prosumers, exploiting the flexibility created for the
benefit of all connected to the local grid”

“ EUR 6 million budget
* Project period 2015-2018
Three pilot areas
* Hvaler, Norway
* Wolpertshausen, Germany
* Malta

Platform provider and technology development
partner in the project is eSmart Systems




CONNECTED PROSUMER

Technology changes drive market
changes

+ DER technology development and price drop
+ Electricity market changes

+ ICT and analytics development
+ Internet of energy
+ Time series data
+ Microsoft Azure cloud
+ Real-time analytics

+ Artificial intelligence and deep neutral networks




The Energy Flexibility Concept in EMPOWER

* SESP = smart energy service provider (aggregator)
* The SESP and DSO enter contract for flexibility services

* The SESP enters flexibility contracts with
flexible consumers and prosumers

" Up: Increased generation, decreased load, storage
discharging

* Down: Decreased generation, increased load,
storage charging

Meter data
e Flexibility
o
/ / \ —e Contract prediction
and

management

optimization

Generation, loads, EVs,
batteries

Control plan
and

settlement

Prosumer
1
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SNC, Norderhaug Nord

Information
] # Edit
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s
Name  SESP Hualer
Entity Type  Company
Procct
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Pricing Templates

Valid from  2017-06-01

FATER
Validto 2099-06-04

Name Norderhaug Nord

Contact Person - Magne Willy Kaspersen

Cutorers
N
group by Drag a field here to group by that field
<5 Customer Meter Site Vahd From
Y| % find. ¥ & Find. ™ & Find.

Magne Willy Kasper: Norderhaugveien 40 2017-06.01 1025

| Erik Larsen Norderhaugveien 30 2017-06-01 10:33

Geir Mathisen Norderhaugveien 50 2017-06-01 1034

silie Hetene Metler  Norderhaugveien 28 2017-06-01 10:36
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Prosumer App

PROSUMER’S ENERGY CONTROL CENTER

Visualization of energy resources, both
single devices and summarized, historical = .
values and predicted ' St Jj <ccc Consumption

q 18 January 2017 €3} g m

15:30

Jack Jackson
The opportunity to decline participation in a ‘ 18 January 2017 v .
control plan ﬁ _ i

i ¥ & & & & ™ ~
Contracts

Contract information on

About the app

ﬁ. =~ ' Change
Energy contracts ‘ | ‘

Flelelllty COIltFaCtS @ Consumption Cem TR e ESW R 0T e

YA Generation
I

. 4 Compare to neighbourhood
Service contracts

IE] Storage
i Water heate
Notifications (. Water heater

Charge electric vehicle

Monetary balance overview. Net value from
participation of control plans, economic
values, and overview of purchased and sold Conmastad urtts : o
energy

Notificat

. Air conditioning 1 . Charge €
og ou




Charging infrastructure asset management, control and optimization

EV charging station monitoring and asset management — optimization of capacity utilization, avoided capacity
investments, and intelligent management based on predictions and artificial intelligence

Stopp lading

Lading pagar - 16A

ELBILLADING

SMART .

Bilmodell
Batteriniva

Ferdig ladet ki.

velg »

velg »

Sett klokkeslett

PARTNERS

eSmart solutions for monitoring
and management are vendor-
Bosr independent

Batteriniva

Integrations are put in place for all
relevant hardware suppliers

ELBILLADING

Zaptec and Schneider are both
existing partners on EV charging
solution deliveries

Deaktiver smart lading

Lading pagar - 16A (3-fas)

Schneider  ZAPTEC
FUNCTIONALITY

Asset management ZAFTEC souion -

Phase and load balancing o TL'" | vrre =

Work flow and error management Il ne | Intemen

Flexibility control and optimization
based on building, plan or grid input

Integrated booking, payment and
energy system functionality

PLC til WiFi

)

famp-(C <

PLC PLC PLC PLC PLC PLC PLC WiFi  WiFi




Evolution toward an EMPOWER marketplace " Powered by values M

Value

Peer to peer trading of energy
and flexibility

Flexibility and DR

tradin
Management and £

optimization
Monitoring

P
Y

Time



Statnett and eSmart Cooperation - Demand Response

Large scale demand response in Northern
Norway

NORWAY I Aggregated load per node
Y minimum 100kW

Private households, office
buildings, industrial sites

Hardware installation,
aggregation, value added
services

Switch order from operations
center

Customer compensation

Safe switching
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eSmart activities

Solutions for the market participants to capture the value of flexibility

Customer projects ° Statnett C: conmserion
AISIKIO

O ASKO VESTBY ‘D

. Statkraft =y Statkraft [ oo oo

* Statnett s LA AL

~ VESTBY

ASKO INVADL
INVADE

STATSBYGG

R&D projects

ok
-

« H2020
* Research council

Competence development through PhDs
Many prospects in Norway and abroad



CONNECTED PROSUMER

Key Stakeholders and Value Proposition

PROSUMER BRP/SESP/RETAILER
+ Cost reductions + Real-time overview
+ Convenience and + Optimal market positioning
reliability

+ Imbalance cost reductions

+ Revenue streams
+ New revenue streams

+
Powered by values w

DSO/TSO

+ Real-time overview

+ Optimal market positioning
+ Imbalance cost reductions
+ Relieve grid congestions

+ Postpone investments

+ Improved asset management
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The variety of stances amonﬁ runners in the 100-meter sprint at the first modern Olympic Games, held in Athens in 1896, is surprising to the modern viewer. Thomas
Bil;lrkg (second from left) is the only runner in the crouched stance—considered best practice today—an advantage that helped him win one of his two gold medals at
the Games.



Digital Intelligence *powered by values M

Deep insight in utility operations

and planning Domain InS|ght

-
s Machine Learning
wio}

Deep learning, detection, prediction,
segmentation, recommendation

loT, Storage, Graph, Security,
Microservices, CICD Data Engineering

© www.esmartsystems.com



