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Oil and Energy Minister Terje Aasland
receives revised Energi21 strategy 30 June 2

B — e energi2l

NORWEGIAN MINISTRY "
OF PETROLEUM AND ENERGY

— I

Established by the Ministry of Petroleum and Energy in
2008. It is a permanent strategy body with its own
iIndustry-driven board appointed by the Ministry of
Petroleum and Energy.

Gives strategic advice directly to the Minister of petroleum
and energy. Advice on thematic and financial commitment
to research and innovation in renewable energy and
climate-friendly energy technologies.

The goal is increased value creation and efficient resource
utilisation in the energy sector through investment in
research and innovation.

Prepares Norway's national strategy for research,
development and commercialisation of new climate-
friendly energy technology.

Contributes to common goals and measures for increased
engagement in the business sector for research and
Innovation.

i energi21



+ Public R&D activity within the Ministry of Petroleum and Energy

RENEE(o
and
Innovation
within
petroleum

Research Energi2l: thematic — and financial prioritization of public research and innovation funds
and
innovation RESEARCH COUNCIL OF NORWAY

within ENERGIX

renewable
energy,
climate
friendly
energy-
technologies
and CCS

13 research centers
for environmentally friendly energy (FME)

CLIMIT - FoU CLIMIT — Demo

Basic research Applied science Piloting/ demonstration Marketintroduction

Illustration from the Government's proposal for the state budget Prop. 1s. (2022-2023)
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The strategy is based on an extensive body of knowledge
— great co-operation and highly valuable contribution

Body of knowledge: Solid and comprehensive process

Close to 700 stakeholders from business sector, research — and innovation
Engagement and contribution: institutes, academia , NGOs

Workshops Evaluation of 25+ technology and thematic areas

Analysed need of interaction and potential of knowledge transfer and
Cross sectoral co-operation synergies between sectors.

Public consultation Overwhelming respons

i energi21
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The Energi2l strategy describes the

necessary RD&l efforts to meet the @
challenges of the energy trilemma and

sub-dimensons. ENERGY SECURITY

€= CAPABILITY

&= RESILENCE

€= DEPENDENCY

=
N
ENVIROMENTAL ENERGY EQUITY
SUSTAINEBILITY
) DECARBONISATION &, AFORDABILITY
) RESOURCHE PRODUCTIVITY &, QUALITY

) EMISSION & POLLUTION CONTROLL

%, ACESSIBILITY ":':-—j':—" enel‘gi 21



Foto: Statkraft

Norwegian strengths within energy — competitive advantage

Renewable energy sources Industrial experience Technology and competence platform

Foto: Nexans
Foto: NTNU
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Sector connection and cooperation between different industries

- Electricity
- Hydrogen
- Bioenergy

Agriculture and aquaculture

. Electricity
- Bioenergy

(maritime, aviation, landbased)

-

Bioenergy
Ammonia
Methanol
Hydrogen/LH2
Electricity

Energi21 strategy 2022 National strategy for research, development and commercialisation of new climate-friendly energy technology

® =™

Bioenergy = Electricity
E-kerosene = Hydrogen
Hydrogen = Bioenergy
Electricity

Industri

- Electricity

- Hydrogen (blue and green)
- Biomass

-CCS

- Energy efficiency

- Heat pump technology

Energy sectoristhehub . s Oil and gas
of the transition to - Electricity
climate-neutral society - Hydrogen

- Energy efficiency
- CCS

Buildings

- Energy efficiency

- Heat pump

- Geothermal energy
- Bioenergy

- Electricity

Climate-friendly restructuring in all
sectors will lead to increased need for electric power,
climate-friendly energy technologies
and increased transmission capacity.

i energi21




Future energy systems
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The digital, flexible and integrated energy system of the future:
high degree of complexity, consumer driven and interaction between several energy carriers

International power production -~

Floating solar power * Wind, Solar, Thermal s -
production A

B

Energysmart
neighboorhood

Climate friendly

) ariports and aviation
Hydropower reservoir . ) o
Distributed energyssystems with combination of

/ﬂ{ several energy carriers

ggbgi%gu@o

< International power > FEA-

Preserve the environment and HM N
Distributed energy o @

natural diversity. ethénge Q% <> =
>  storage "
TR . ﬁﬁ% .’ o - Agriculture as an energy
Microgrids producer

~ Bioenergy - (electricity, biogas etc)
> iofuel Climate friendly @
= ~> energystations
The nuclear power of the
future

energy

© Dristrict
heating T

Offshore :-:-:::73
Windpower -2

i Onshore 7
- Wind Power

Havnett/inf'reist'rljktur rhéd

] ! o limate friendly industries <
flere energibzerere i samspill - JOZSI

T * CCS, hydrogen,
\/E\ efficiency "

Climate friendly énergytechnoldgies to rharifirhé trahsport

Electrification ofNCS o Cdz-fréhsp_oft'_(L'ahgs-kip) * Hydrogen, ammonia, electricity Wave and tidal power

O .
# energ
Energi21 strategy 2022 National strategy for research, development and commercialisation of new climate-friendly energy technology '.,'.-_,:.‘ e n e I’ l 2 I



Energi2l strategy 2022
Vision

As an energy nation with national and international opportunities Energi21 has adopted the following vision:

Further develop Europe’s best energy system

= Contributions on national — and international level:
- renewable energy
- Industrialisation
- business development
- an energy system with a reliable supply and the right quality

i energi21
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Energi2l strategy 2022

Key challenges must be resolved in order to

the vision and mission of the OED.

Decarbonising
transport and industry

Safe,competetive and
environmentally friendly

energy supply

Energi21 strate gy 2022 National strategy for research, development and commercialisation of new climate-friendly energy technology

meet

Develop new green industries and
marine energy technologies

i energi21



Decarbonising transport Safe, competitive and environmentally Develop new green industries

and industry friendly energy supply and marine energy technologie
C: 25
Offshore wind Hydrogen
Hydropower Solar energy
Integrated and efficient energy systems ; Energy markets and regulation

Batteries CCS

060
0::0:-0

Further develop a broad, robust technology

The Energi21 strategy 2022 and competence platform in the field of energy ,;:.:,';:, energl 21



INTEGRATED AND EFFICIENT ENERGY SYSTEMS

Onshore — and offshore infrastructure

 Efficient and integrated energy systems are vital
to achieving energy and climate goals and cut
greenhouse gas emissions, boost industrialisation
and achieve cost- effective utilisation of our
energy sources.

« Selected key resarch — and innovation topics:

— Efficient and felxible interaction between different
energy infrastructures, climate friendly energy carriers
and end-users

— Next — generation components and systems

— Multidisciplinary analysis- and simulations models
— Digitalisation and cyber- security

— Nature and environmental consequences

Given special attention
i energi21
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Naeringens ambisjoner

Forsyningssikkerhet

» Cyber- sikkert energisystem

 Digitalisering og automatisering — implementering av digitale
muliggjgrende teknologier ( Al, sensorteknologi,
stordatahandtering, autonomi, 10T)

» Energieffektivisering bedre effekt- og kapasitetsutnyttelse
» Modernisering og effektiv utnyttelse av eksisterende infrastruktur.

« Effektiv integrasjon av fornybare energibaerere, infrastrukturer og
energiteknologier

« Beerekraftig bygging og drift med minst mulig tap av naturmangfold
og miljgforurensinger.

« @kt innovasjon, mer neeringsutvikling og industrialisering.

» Test — og demonstrasjonsprosjekter i eksisterende energisystem

Energi21 strategy 2022 National strategy for research, development and commercialisation of new climate-friendly energy technology
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Sentrale forsknings- og
Innovasjonstemaer (1)

« Effektivt og fleksibelt samspill mellom ulike
infrastrukturer, energibeerere og sluttbrukere.

Investerings- og driftsmodellering
Sektor — og infrastrukturkobling
Fleksibilitetslgsninger

Effektiv utnyttelse av infrastrukturen for & elektrifisere andre
sektorer

- Neste generasjons komponenter og systemer

Kabelteknologi og elektrotekniske komponenter (smarte
komponenter)

Materialutvikling for mer effektive komponenter

Intelligente komponenter for konvertering mellom
energibaerere og energilagring.

Storskala energilagring og batterteknologi

Energi21 strategy 2022 National strategy for research, development and commercialisation of new climate-friendly energy technology
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Sentrale forsknings- og
Innovasjonstemaer (2)

« Multidisiplineere analysemodeller,
simuleringsverktgy og innovative styringssystemer

— Dynamiske og multidisiplinaere analysemodeller og
simuleringsverktay.

— Energisystemmodellering med integrasjon av det stasjonaere
energisystemet og transportsystemet.

— Helhetlig modellplattform med makrogkonomiske
konsekvenser av energiomstillingen.

» Digitalisering og cybersikkerhet

— Bruk av Al, sensorteknologi, stordatahandtering, autonomi og
Internet of Things til effektiv planlegging, overvaking, styring
og drift.

— Cybersikkerhet og personvern

— Systemer og metoder for bedre koordinering og
kunnskapsdeling innenfor cybersikkerhet pa tvers av sektorer
og aktarer

Ref. egen Energi21 rapport om digitalisering av
energisektoren (www.energi21.no)

Energi21 strategy 2022 National strategy for research, development and commercialisation of new climate-friendly energy technology
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Tiltak for iverksettelse

» Flerfaglige FoU — prosjekter
» Forsknings- og innovasjonssenter

« Storskala forskning infrastruktur med samarbeid pa tvers
av land og fagomrader.

» @kt samarbeid mellom myndigheter, naeringsliv og FoU
miljger innen miljg og baerekratft.

» Virkemidler for raskere gjennomfgring av FoU-I
prosjekter.

* Risikoreduserende tiltak til leverandgrindustrien.
» Test- og pilotprosjekter i eksisterende infrastruktur.

» Styrke utdanningskapasiteten med fremtidsrettede
fagkombinasjoner og samarbeid med aktuelle naeringer.

Energi21 strategy 2022 National strategy for research, development and commercialisation of new climate-friendly energy technology

Foto: Statnett



Thank you for your attention !

» energi21
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role of the energy sector towards the
te targets and alternative measures to
t the grid

Tone Svendsen Endal, radgiver energisystemer og

prosjektleder for Systemsmart energibruk

Nordic Smart Grid Alliance 27.10.22



Klimamal som rammen

Hva og hvor mye kreves av energibransjen for a na klimamalene?
Oppvarming som elefanten i rommet

Alternative tiltak som avlaster og/eller pavirker strgmnettet

Systemintegrasjon

ZERO

BUSINESS

SWEDEN
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Nytt kraftbehov i 2030

Petroleum Industri og avfall Transport Produksjon av CO2-fjerning Ny industri Mulig kraftoverskudd
fornybart drivstoff
som hydrogen mm



Tiltak for a na
klimamalene innen

2030 kan bety behov for
55 TWh ny kraft

ZERO { _




Hvor kan den kraften komme fra?

Vannkraft Landvind Havvind
Bruk av varme-

E ressurser

o PamPuglot

) Energieffektivisering
Solenergi

ZERO




Dette betyr at vi ma bygge
mye mer nett, men ogsa at vi
ma utnytte eksisterende
energiressurser og -
infrastruktur smartere!
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SYSTEMSMART

ENERGIBRUK

Systemsmart energibruk er en helhetlig
utnyttelse av ulike energiressurser og
infrastruktur
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SYSTEMSMART

Gjennomsnittlig forbruk per dggn pa @stlandet (NO1) fra 1. juli 2020
til 30. juni 2021

7000 !

6000

5000

MW

4000

3000 W 1 Il

Figur 2 fra Systemsmart-rapport «Fremtiden er noksa elektrisk» (lansert
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SYSTEMSMART

ENERGIBRUK
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Hvilke tiltak og
virkemidler kan frigjgre

energi og effekt?




SYSTEMSMART

Fleksibilitet og flytting av forbruk

Viktig bidrag

Spesielt fleksibilitet som flytter forbruk ut av hgylasttimer

BUSINESS
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SYSTEMSMART

Men flytting av elforbruk innenfor uka kan maksimalt

senke forbrukstoppene 10-12%

115%  Forbruksprofil @stlandet (NO1) uke 5, 2021

110 %

105 % M\
100 % ---4--=-t=----

95 %

forbruk

90 % U \J b Gjennomsnittlig

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
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SYSTEMSMART

Men flytting av elforbruk innenfor uka kan maksimalt

senke forbrukstoppene 10-12%

Forbruk NO1 (@stlandet)
9000

Det kan bli
115%  Forbruksprofil @stlandet (NO1) uke 5, 2021 vesentlig kaldere
8000 enn 12021
110 %
7000
105 %
100 % ---{----| =ttt £ o
| = (
95 % | \J 2 5000 A
90 % U \J Gjenno'msnittlig 4000
forbruk
80 0 et aw e cnea e cmeae cman e ne e e o

RS 2 5 8588835888853 823588 3000 WT'M“' Nh{ (] Gjennomsnittlig forbruk per dggn
il I [0 Heyeste timeforbruk per dggn
2000
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SYSTEMSMART

ENERGIBRUK

Siden 2016 hatt et mal om a spare 10 TWh i bygningsmassen.

Skjedd lite, gar mot liten reduksjon i energibruk hvis ikke virkemidler
kommer pa plass.

Eksempel pa virkemidler: Lan og stgtteordninger, krav til
energieffektivisering i offentlige bygg og energirevisjon i nseringsbygg
med hgyt energiforbruk, informasjonsarbeid

Hvilken rolle kan nettbransjen spille?

BUSINESS
SWEDEN



SYSTEMSMART

ENERGIBRUK

Norge produserte i 2021 ~0,15 TWh solenergi.
Multiconsult sier vi ligger 5 ar bak Sverige i

utbygging.
Hoyere energipriser gjgr at flere investerer.

Trenger fremdeles a endre regulatoriske
barrierer og incentivere stor utrulling.

Hvordan ma nettbransjen tilpasse seg dette?

BUSINESS
SWEDEN



https://www.multiconsult.no/assets/220815-markedsrapport-solenergiklyngen-final-.pdf

SYSTEMSMART

ENERGIBRUK

Mye varmeressurser fra industri, avfallsforbrenning og
grunnvarme gar enten til spille eller blir ikke utnyttet.

Verdien av a avlaste kraftnettet synes ikke.

Eksempel fra Oslo: Fjernvarmeproduksjon pa 2 TWh har
spart nettinvesteringer for om lag 4-7 milliarder og 10
milliarder i ny kraftproduksjon.

Hvordan kan kraft- og varmesystemet spille mer pa lag?

BUSINESS
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Systemintegrasjon

EUs strategi for systemintegrasjon.
Mangler helhetlig planlegging og sektorkobling i Norge.

Alle dele av energisektoren ma spille pa lag nar endringer
skal skje fort.

Det trengs tydeligere retningslinjer og rammer.

\

SYSTEMSMART

ENERGIBRUK
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SYSTEMSMART

ENERGIBRUK

SYSTEMSNART

ENERGIBRUK |

L=last ned rapporten
pa www.systemsmart.no

Fremtiden er
noksa elektrisk

Energisystemet skal endres radikalt. Vi trenger et
helhetlig perspektiv p& omstillingen og pé
hvordan vi best utnytter ulike energibaerere og
lesninger. Det kan gi lavere kostnader, mindre
naturinngrep, raskere utslippskutt og et mer
robust energisystem.

Rapport fra prosjektet Systemsmart energibruk

BUSINESS
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http://www.systemsmart.no/

SYSTEMSMART

Deltakere i prosjektet

Styringsgruppe Bidragsytere

Statnett E N OVA NOVAP VIKEN Akershus

energi
NORSK VARMEPUMPEFORENING FYLKESKOMMUNE
®
Norsk
Fjernvarme — VI A
1) J g

STATSBYGG ~ OLITRG
Sekretariat: ZERO o

Borregaard ﬁ

OSTFOLD
ENERGI

IpE-

1) mfl: Statkraft varme, Fortum varme, Energi Norge, NoBio, Tafjord kraftvarme, Eidsiva

Bioenergi, Norsk Energi, Mo Fjernvarme, Kvitebjgrn Varme, Agder Energi Varme, Lyse Neo
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“zero

konfe

ransen
2022

Radisson Blu Plaza Hotel
24. november

Se program og kjgp billett pa

zerokonferansen.no



SYSTEMSMART

ENERGIBRUK

Takk for meg!©

tone.svendsen.endal@zero.no
www.systemsmart.no
WWW.ZEero.no



mailto:tone.svendsen.endal@zero.no
http://www.systemsmart.no/
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Our renewable .. =
|nnovano. P W

Nordic Smartgrid Alliance October 27 2022

Rune Hogga
CEO ,
agder energi Agder Energi Fleksibilitet AS <



®  Our hydropower plants

Agder Energi

21,800km 49

North Sea Link

Power Grid lines

<30 TWh 8,7 TWh
Renewables managed annually Annual production

[n]

Production Distribution Customer




Flexible hydro
pOwWer IS our core
business

Norway has half the hydro power
storage capacity in Europe



Establishing a
strong offshore
wind Iindustry
In Norway




Building a giga

factory for battery
cell production In
Southern Norway
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Energy transition needs more grid capacity

The system operator spend increasingly

System costs are increasing fast more money on addressing the symptoms
rather than the problem

There is not enouah i in th (i Electrification creates bottlenecks
gh capacity the g d that needs addressing short time

Increased renewables creates Current (old) marked design is
instability and price volatility not fit to address this new reality

It takes time to build grid
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Investment deferral

Engene sub station

Smart Grid Project with Microsoft
Investment deferral use case

Flexibility alternative

Developed into large scale demonstration




\
DSO role

Flexibility market is one of many tools

Flexibility
market
Advanced data

analytics Grid intelligence

Fault
analysis

Congestion
management

Voltage regulation

State estimation

. is "
e
man
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Congestion management

Alternatives
Switching

| I | | 300/ 420 kv

33kv

BN
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Market based Interruptible Flexible
flexibility connection production
agreements
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NOR

Large scale demonstration project 2019 - 2023 K,) FLEX

Level playing field for all asset types
Industrial, commercial and household assets
Value stacking, aggregation DSO - TSO

* New digital flexibility value chain
« Verification of market model
 Facilitating new business models

agderenergi  GLITRe  NBDES  Statnett ENOVA
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New digital flexibility value chain SF |_Ex

Grid companies Flex provider

BRP DSO / TSO Transaction BRP Control technology Asset owner
Flexibility Dispatch .
trade Bid accept Signal Compensation e
. ~ N '/
: - 2D ; > co—— [l —— 45
Flexibility Eﬁlg;ﬁ:ﬁ Flexibility Flexibility
Independent . :
. Commercial Technical
System operator Market Aggregator Aggregator
Operator

agderenergi  GLITRG N@DES Statnett ENOVA

ENERGI



NORFLEX (D FLBX fowndes

k) FLEX founded
LARGE SCALE DEMONSTRATION 2019 - 2023 «  Facilitating new business models
* Industrial, commercial and domestic assets
* Independent market operator

* Equal playing field for all asset types
* Value stacking, aggregation DSO - TSO

agder energi Ztibber — ©ISTAD

vOlue

GLITRG
Statnett @ eneios Ly |O$

GLITRC Ishavskraft NOOVA

ENERGI

ENERGI

Grid companies : Flex Service Provider
Control technolo Asset owner
DSO / TSO fransaction FSP/BRP %

Flexibility trade Trade confirmation Dispatch signal Compensation .):,:

Flexibility Sales Bid % Flexibility Flexibility é‘ E
:— _ L] L] :




Results (J IF\IL%E

Trading statistics — \or |- .
Jan 2021 — Mar 2022 JFLEX |2 -
S e s
o IS o) Ty o o
# aggregators 8 = mmm B
# assets 2400 |= > — (—— !
traded volume > 600 MW*h -
# trades = 12 OOO
average price 850 EUR/MW*h
total contracted value >51 O OOO EUR
NODES white paper smallest order 1 KW*h
Trading in NorFlex 2020-22 largest order 5,4 MW*h
! highest volume pr hour [ mw

https://nodesmarket.com/publications/

ENERGI

agderenergi  GLITRG N@DES Statnett ENOVA



LongFlex - availability contracts
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m Contracted capacity [MW]

B Contracted energy [MWh]

= Number of contracts

LongFlex Wee




Level playing field for all asset types S NL%Q

T

ShortFlex - Activation contracts

920
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80.6
80

719

o Industrial Commercal Household

70

50 48.1

39.8
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16.3 16.9
14.3
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49 5.3 558
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Delivery quality

Based on baselines — meter data

Average of Del% adjusted

Monthly average delivery %

100
92,84

90,53
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%
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03 04 05 06 08 09 11 12 2022-01 2022-02 2022-03
Month
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TSO/DSO coordination

NORFLEX — sequential access to DSR

Value Stacking for flexibility providers
* NODES resolution 0,001 MW
* mFRR resolution 1,0 MW (exception from 10 MW — 5 MW rule)

h LongFlex season contracts
» [imeline
LongFlex week contracts
MARKET
, mFRR
@ DSO ISP Close Months ahead of delivery Two weeks ahead Week ahead Delivery -120 min
Gate Close I I I | .

1 1 T 1
AGGREGATOR
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....and we are continuing! J FLEX

NODES
N@DES HOME SHORTFLEX LONGFLEX TRADES MARKET METERING SERVICE NODES ADMIN Q Hallstein Hagen ®
ucr

agderenergi  GLITRG N@DES Statnett ENOVA

ENERGI



The new company formed by the merger of Norwegian
utilities Agder Energi and Glitre Energi will be called A Energi

* 11,3 TWh Annual Production
72 Power Stations

e 30,000 km Power Grid Lines, with 310
000 end users

* >30 TWh renewables managed
annualy

e Retail Private > 200 000 customers

e Retail Commercial, largest in Norway
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Bottom-up approach

In the new digital value chain

Flex Service Provider
FSP/BRP

Grid companies

DSO / TSO Transaction

Control technology Asset owner

Flexibility trade

Trade confirmation Dispatch signal Compensation -‘j ’_/
Flexibility @ Sales Bid % Flexibility Flexibility % [ E]
< < — [ X 9 =

‘L Al

«Q
=,
Q
f_"
5,
D)
n



Grid Optimization

The grid operator need new tools — GridTools
O e s B AEN132

gridtmmls # Home 4 Grid management & Asset management  Trading © Pipeline jot l# Charts &
et e Prices (NOK/MWh) > letoss
G0 055 a — Elspot  — Up regulated — Down regulated s ; { :
. AN " . Grid analysis/
’ p I A AN Ve Sto: Gl’ld
; Su'eHmw(t:ﬁs f 7N ) management . :
| | ghap Forecast intelligence

Sub-transmission grid
Substation 1 4
i /
Engene substation )s
Feeder 1 / / /
Feeder 2 5/ 4
Park road sec. substation Eﬂ } —_—
Sportscenter g o estimation
Industry b o ; Fe LTl
Forrest street sec. substation } -
Nursing home K %
City hall | 3 9
N8 analysis
Feeder 3 r L.\_,\/ eyboard shortcuts | Map data g y
Substation 3
Load (MW) ENGENE TS B .
N _ _ Congestion
= load  — Forecast Optimized MM Available Traded  EM Battery =] Available
management
Voltage
regulation
Advanced
data

Contingency

analysis analytics

2-01-1020:59 17.04MW




Settle

transactions between buyers
and sellers

Trade
flexibility through a common platform

|dentify
congestion areas in the grid

WOME  SHORTFLEX  LONGRLEX  TRADES  ADMIN N@DES Q| Westem power Osuouton )

Edit Grid Node

Sensitivity: Internal



Asset Optimization

Monetize on flexible assets in the power grid

Platform connecting flexible assets to the markets

Onboarding of flexible assets through API or loT Edge installations

50MW
Aggregation and portfolio management to meet market requirements

Trading interface for all available flexibility markets in the Nordics i
R

Analytics and machine learning algorithms for predicting flexibility ‘ -— ""];‘. "

and baseline B T 1T T
E -
| [
IS0 S
ST TR
BT 11 )|
N Ul ’mw

LE__
Tl

-

Realize profit from your flexible assets while ¢
a more resilient and flexible grid.

www.e

Sensitivity: Internal



Thank you

Rune Hogga
CEO, Agder Energi Fleksibilitet AS
rune.hogga@ae.no
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Agenda - Part 1

Setting the scene

— Lene Mostue, Director, Energi 21

The role of energy sector towards the climate targets and alternate
measures to support the grid

— Tone Svendsen Endal, Adviser energy systems and project
manager Systemsmart energibruk, Zero

Flexible solutions — Example Norflex

— Rune Hogga, CEO of Agder Energi Fleksibilitet AS and Chairman
of NODES AS and Enfo AS

The Norwegian Energy System and how communities can
contribute to a smarter grid

— Karen Byskov Lindberg, Senior Advisor Distributed Energy
Systems, TronderEnergi/ANEO

BUSINESS
SWEDEN

BUSINESS

SWEDEN

THE SWEDISH TRADE & INVEST COUNCIL
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The Norwegian Energy System
and how buildings and neighbourhoods can

contribute to a smarter grid

Karen Byskov Lindberg, Ph.D.
Senior Advisor Distributed Energy Systems | TrenderEnergi/ANEO

Adj. Associate Professor | NTNU Electric Power Engineering

karen.byskov.lindberg@tronderenergi.no
TronderEnergi° QX
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TrenderEnergi° QX

Agenda

* The Norwegian Energy system
« Power production
* Energy use
* Grid tariff structure

 Energy flexibility in neighbourhoods and buildings
« Oportunities and challenges
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Total electricity production in Norway

160+
Normal year

« 155 TWh produced
« 38,7 GW installed

140+

100+

8[} I T T T
1990 2000 2010 2020

Midlere vannkraftproduksjon  ® Normalproduksjon vindkraft B Faktisk varmekraftproduksjon

B Temp.korr. bruttoforbruk

NTNU

Ref: NVE https://energifaktanorge.no/norsk-energiforsyning/kraftforsyningen/#vannkraft



Wind and Solar pow

 Wind

« 154 TWh ; 4650 MW (2021)
» (Calculated average annual production
* (real production varies with wind conditiqr]s)

GWh

8 000

7 000

6000

5000

4000

3 000

2000

1000

0 __---..

2000

Midlere produksjon [GWh] - aggregert per ar

2002 2004 2006 2008 2010 2012 2014

2016

2018

2021

 Solar
« 0,76 TWh ; 185 MWp (2021)
» Accumulated installed capacity
» Mainly building integrated

TrenderEnergi° QX

er production

Capacity (MWp)

200

180

=
S

o
S

S
S

2010

2011

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
B |kke fordelt pa storrelse  W0-20 kW  ®20-50 kW  ©50-100 kW <100 kW



https://energifaktanorge.no/norsk-energiforsyning/kraftforsyningen/#solkraft
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Energisystemet i Norge
H
PRODUKSJON DISTRIBUSJON FORBRUK
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e Energy use in buildings (2020)
« Electricity: 63 TWh (55 %)
» Energy: ca 80 TWh (37 %)

=

T

 Large potential for
* energy savings
« On-site production (PV)

=
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™
140 r'y 'y [ (\S
VAA A NN
o [T R i w , i [ VRS
v \/ u V \/ Olje
100 Y
' - =
= Faktisk tilsig Kull
80
------- Normak 125,6 TWh j i . .
N Figur 2.1 lllustrasjon av Energisystemet i Fastlands-Norge.
. Tykkelsen pa pilene er dimensjonert etter faktiske sterrelser. For at ogsa de tynneste pilene skal veere synlige er de gjort noe

1990 199 1994 19 1% 200 202 204 206 208 2000 ‘ sterre en den faktiske mengden skulle tilsi.
Kilde: OED/NVE Kilde: SSB/NVE/OED Kilde:



https://www.regjeringen.no/no/dokumenter/meld.-st.-25-20152016/id2482952/

National load profile

TronderEnergi® QX

e Industry

* Buildings
« Thermal electric load —
« Electric specific load \

v

* Transport
* EVs

Space heating

Domestic hot water (DHW)

Power intensive industry

Space heating

Electrical appliances, fans&pumps, lighting

Denmark ——Norway

8760

NTNU



Challenge

e Increased electrification
« New industry
* Electric mobility

« How to use the grid more efficiently?
« Keep peak loads down
e Utilise local energy resources

- Buildings and neighbourhoods are
part of the solution

Electricity use, GWh/h

Electricity use 2016
Outdoor temperature 2016 (rgd)

our of the year

Figure 1 Hourly electricity load in Norway 2016 (NordPool)

T
s % 8 B 8
Temperature, °C

[
=

[ie)
=
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End-user flexibility

« Change your consumption from

: Load shifting Load shaving Valley filling
what it would have been N A A
 FLEXIBLE DEMAND ,.r"‘/—‘c’—\:'*.‘
« DEMAND SIDE MANAGEMENT /'* *\ =3
« DEMAND RESPONSE
Moving loads from one time = Cutting load at a certain Increasing load at certain
e How? to another. instance (and not using it instances (which normally is
) o later). not active).
« Moving loads in time
. . E.g. washing machine, orif  E.g. turning off electric E.g. turning on electric
Shavi ng loads electric heating: heating the ~ heating, and using gas or bio | heating if normally heated by
. Increasing loads building earlier or later, instead. gas or bio.

Source: Lindberg, PhD thesis NTNU 2017:35,

NTNU


http://hdl.handle.net/11250/2450566

kWh/h per household

Household load profile

Household load

0,5

0,4

0,3
0,2
01|

0

13 5 7

Source: SINTEF Energy

~ Lighting

9 11 13 15 17 19 21 23

Residential EV load

EV charging

i

o
o

Charging power per user (KWh/h/user)
(@] (@]
N IN

O
o)
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Source: Sgrensen, A. L. et al. (2021).
https://doi.org/10.1016/j.enbuild.2021.110923

kwh/h per household
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Lighting
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100000

Future load profile FORNEBU = Pt hesting

00
60000
£ so000
= 40000

20000

20000

 Peak load depends on

0
22012030 13.01.2030 24.01.2030 25.01.2030 26.01.2030 27.01.2030 28.01.2030

 Energy efficiency level

100000

- Heating technolgy Individual heat pumps (COP=3)
« Electric vehicles mm

* (New industry) .

10000
o

* New tools for load forecasts T

UUUUUU

 Account for buildings energy demand and

DDDDD

heating technology =
* PROFet

DDDDD

Electric radiators

UUUUU

Graphs from: M.V. Kaalgy. Fornebus Energy System towards 2030. Project Thesis, NTNU, 2020 FOLIG0 BOLIRY MOLIN0 AR TR HOLamn e
Residential bulldings 2020 13l bulldings 2000 = bulldings 2030 mCommercial bulldings 2030 W EVs 20



Energy efficiency

—>Reduces both power and energy demand

« BAU: today’s building stock
with the size of 2030

» DIR: energy efficiency, but

panel ovens
* > 11% reduction of daily power
demand

« HP: energy efficiency + heat

pumps
* > 30% reduction of daily power
demand

TrenderEnergi° QX

100

90

80

70

60

50

GWh/day

40

30

20

10

41

81

121

Daily consumption profile, Norway (NO2)

161

201

Day of the year

241

281 321

—BAU

DIR (direct electric heating)

HP (heat pump)

OTH (other fuel than
electricity (bio, oil, gas))

361

Source: Lindberg et al., 2016. Large Introduction of Zero Energy
Buildings in the Nordic Power System, 13th International
Conference on the European Energy Market (EEM), Porto, Portugal

BAU: today’s building stock composition with the size of 2030

DIR, HP, OTH:

50 % energy efficient buildings

NTNU
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Flexibility needs in the power system
—>Buildings can and must contribute

New business models necessar Current incentives
J— _ISGAN-:
£ _ I -
g9 Flexibility for Power Flexibility for Energy
g OJ - be > Power Transmission &
wv — Distribution Systems

Flexibility needs
in the future power system .\

Discussion paper

Flexipility for Transfer Cgpacity
Flexibility for Voltage

Regional &
Local level

Subsecond Second Minute Hour Day Years

(IEA ISGAN, 2019) Flexibility needs in the future power system,

NTNU


http://www.iea-isgan.org/flexibility-in-future-power-systems/
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Lover og regler
pavirker incentiv for lokal fleksibilitet

CONSUMER i < PROSUMER
%

N .
— Wy

« Hver kunde skal kunne velge leverander fritt, og hver kunde ma
avregnes separat

« Legger begrensninger for nabolagslosninger for deling av lokal
solstrem og utnyttelse av bergvarme (naervarmenett)

Onh ’)/@

(for prosumenter)
* Er et unntakfra «Forskrift om omsetningskonsesjon» som krever at
du ma male og avregne de som mottar strem fra deg RME HORINGSDOKUMENT
« Slipper innmatingstariff og slipper 8 ha omsetningskonsesjon https://f}  rosagttemsingavioniattombonotes ss-prosumer-whats-difference

modell for deling av overskuddsproduksjon

® N y e n d ri n g fo re S | é tt 4/2 O 2 2 : Ingvild Grotterud Birkeland, Bjernar Araberg Fladen, Thomas Kallevik,
+  Deling av inntil 500 kW for samme eiendom e
*  Heringsfrist var 30.sept 2022

samler inn AMS-data

« legger til rette for a sette opp et Wrtue/tmé’/epunkz‘for flere
hovedmalere under samme "kunde/selskap'

« Men er ikke blitt giennomfart i praksis
« Hindres av avregningsforskriften

NTNU



https://www.nve.no/reguleringsmyndigheten/regulering/regelverk-og-hoeringer/avregningsforskriften/
https://www.nve.no/reguleringsmyndigheten/regulering/nettvirksomhet/nettleie/tariffer-for-produksjon/plusskunder/
https://www.nve.no/reguleringsmyndigheten/bransje/bransjeoppgaver/omsetningskonsesjon/omsetningskonsesjonsplikt-for-kraftprodusenter/
https://elhub.no/

Grid tariffs

e @Grid tariffs will increase

* increase by 30 % from 2017-2025
(from 29,5 gre/kWh to 38,5 gre/kWh)

« Income limit for DSOs increases by 50 % from
2017-2025

« Structure of grid tariff
» Impacts the profitability of flexible demand

e Grid tariff for Households

» Up to now: energy only (kr/kWh)
« From 1 July 2022: power tariff applied (kr/kW)

Ngkkeltall for nettselska

gl
ﬁ_ Vis nominelle verdier

MVE- RME

Arlige investeringer

@ Nyinvestering @Reinvestering @ Anleggsbidrag @ Anlegg under utfarelse

30 mrd.

20011 2012 2013 2014 2015 2006 2017 2018 2019 2020

20 mrd.

10 mrd.

0 mrd.
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o
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http://publikasjoner.nve.no/rapport/2018/rapport2018_55.pdf
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Incentives for households to shift

Spot pris 2021

= NO1(Oslo)
e O3 (Tr.heim)

» Spot price <=

[ s B B s = BT B T
@00 00 M M™ WL W W
HNMVLH‘DF‘-WG'HE

1153
1249
1345
1441
1537
1633
1729
1825
1921
2017
2113
2209
2305
2401
2497
2593

e Grid tariffs

« Fixed (kr/mnth) + ToU Energy tariff (kr/kWh)
* VAT (25%)

S0

80
Trinn Kilowatt Fastledd Energiledd Energiledd 70
(1-10) kW kr/mnd kr/kW Dag* Natt/Helg* gg
e/ ere/ka 20 ||| "l""“" ||||
Trinn1 0-2 kW 125 125
30
Trinn 2 2-5 kW 200 57 43,10 36,85 20
10
Teinn 3 5-10 kW 325 43 - 0
Differanse: 6,25 gre 1234123412341234123412341234123412341234123§ =
+ o~
Trinn 4 10-15 kW 450 36 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Trinn 5 15-20 kW 575 33

Grid tariff (¢re/kwh) I Spot price (sre/kWh) —m—End-user price



http://www.elvia.no/
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Fleksibilitet i en boligblokk

Baseline
(uten fleksibilitet)

1751 BN EL Bm DHW I SsH Il £V

150 1

125 A

100

50

25

0
Feb-08 Feb-09 Feb-10 Feb-11 Feb-12 Feb-13 Feb-14 Feb-

Kilde: SINTEFs beregninger i FlexBuild-prosjektet, ‘

FLEXBUILD

©)

SINTEF


https://www.sintef.no/projectweb/flexbuild/

Aneo

TrenderEnergi + HitecVision = Aneo
Nytt fornybarkonsern

Mal: Banebryter for det grgnne skiftet med
vilje og investeringskraft til a utvikle
nye grégnne verdikjeder.

Satsningsomrader: Fornybar energi-
produksjon, elektrifisering og
energieffektivisering.

~300 TregnderEnergi-ansatte over i Aneo

Trenderenergi fortsetter: Forvalter
vannkraft
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ANEO: Fleksibilitet som en tjeneste

* 1) Optimalisere stremforbruk i bygg s}
- ved a bruke tilgjengelig fleksibilitet

b “shaving”

60

Price EUR/MWh

50

» 2) Fleksibilitet som en tjeneste
« Beregneog tilbytilgjengelig fleksibilitet

40

ved forespersel fra aggregator *
« Styrebygg og nabolag basert pa @nsket 20
fleksibilitet 10 Price
0 s
0:00 06:00 12:00 18:00 24:00

Time



EKSEMPEL 1: COOP dagligvarebutikk

1) Optimalisere streamforbruk i en
butikk ved a bruke tilgjengelig
fleksibilitet

« 2) Fleksibilitet som en tjeneste

« A) Beregne tilgjengelig fleksibilitet ved
forespgrsel fra Skagerak

« B) Styre butikken basert pa @nsket
fleksibilitet

Offisiell apning pa mandag 24. okt 2022:
https://vimeo.com/763681774/d39af4b932

TrenderEnergi° QX

Skagerak: N
Aggregator Marked optimalisering
Trﬂnc_le_r_Energlz Pre_dlks_jon 0og Optimal
Fleksibilitets optimalisering

kontroll
leverander av fleks

Sensor data T

J' Kontroll signal

Dr Munk



https://vimeo.com/763681774/d39af4b932
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EKSEMPEL 2: +CityXchange EU-project

. Powerhouse El-buss BK16 -BI BK15
« Enabling a common energy market

« Technical innovations
* Local trading (P2P)

*  Flexibility market : — Trafo
Sol- Forbruk Forbruk Sol- Forbruk Forbruk

« Regulatory challenges prod o
+ Solution: Two providers in one node
« —>Elhub reprogramming

Forbruk

L)

\ -’ +
~ ~ <

Heyspent nett

El-billading

Batteri-anlegg

Prinsipiell topografi for mikronettet pa Brattgrkaia. lllustrasjon: Entra

v. Trondheim kommune), Stine Hostad (Entra), Bengt

Samarbeidsakterene i +CityxChange og Brattera mikronett: Kristian Dahlber:
Eidem (Tensio), Stig Tore Laugen (TrenderEnergi) og Bernhard Kvaal (TrenderEnergi).


https://cityxchange.eu/
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CONCLUSIONS

* Norway
« Main concern: utilisation of the grid

« Utilising local energy resouces is beneficial
 Local renewable generation
« Local flexibility
« BUT; Energy efficiency first!

« Markets for flexibility
« Still at pilot stadium (not mature)
« R&D projects
 Barriers: regulatory aspects




Karen Byskov Lindberg, Ph.D.
Senior Advisor Distributed Energy Systems | TroanderEnergi/ANEO

Adj. Associate Professor | NTNU Electric Power Engineering

karen.byskov.lindberg@tronderenergi.no
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TrenderEnergi (Aneo from 1 Nov)

* Power producer from hydro, solar and wind

* Development of ambicious forward-looking
energy related services

* Energy as a service (EaaS)
* Flexibility as a service (FaaS)

 Employees
 ~300in Trondheim, Gjgvik and Oslo
e Strong inhouse Al competence
* Multidiciplinary team

* Close cooperation with NTNU
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Hydro power production

5 - -10
Normal year
41 A 8 « Production: 138 TWh
Ny A I  Capacity: 33 400 MW
: 2- \\—\!ﬂ Al _..__—v’r/ . 2
' Inflow of water
y L « +/-65 GWh
0 . . . . —0
1 I 21 31 4 5 1000 hydro reservoirs

k
e « 87 TWh capacity

B Tilsig 2019(hoyre akse) W Forbruk 2019 W Produksjon 2019

NTNU

Ref: NVE https://energifaktanorge.no/norsk-energiforsyning/kraftforsyningen/#vannkraft



TrenderEnergi° QX

Hydro Power

* Characteristics

The hydro energy is «free» (no fuel costs)
Production planning

based on the future value of stored water (water values)

Large investment costs

Kraftproduksjon i Norge 2021
Long lifetime of assets (157.1 TWh)

» The Norwegian hydro power system is «energy 1%
dimensioned»

« Security of supply is dependent on the precipitation
» Dry years can be critical
» Historically large capacity margin

* Interconnection with thermal and wind/solar dominated systems is beneficial 995
(DK, SWE and GER) :

m Fossil varmekraft
m Fornybar kraft m Kjernekraft

NTNU




Thank you!

Part Il continues at Fornebu
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Agenda — Part 2

Company presentations

Mikael Larsson, Director Energy Markets and Financing,

BUSINESS
SWEDEN

Rickard Jacobson, CEO, dLaboratory Sweden AB THE SWEDISH TRADE & INVEST COUNCIL

Mine Storage

Tommy Persson, Marketing and Sales Manager, Exeri

Eitan Frankental, Marketing and Sales, Griddiagnoze
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* MINE STORAGE



THE ENERGY SYSTEM AND OUR MARKET

DRIVE NET ZERO
RS
> Ei] >
o [
DECARBONIZATION ELECTRIFICATION MORE RENEWABLES
28 % of all CO2 emissions Electricity demand + 60% by 7 x more renewables by
come from fossil based year 2050* 2040**

power generation

*Bloomberg, ** Rystad *** Bloomberg NEF, **** [HA/Irena

CONSTRAIN

ENABLE

l

LIMITED GRID

CAPACITY

ENERGY STORAGE

660 billion USD will be invested in
energy storage by 2040***

Deployment of pumped storage will
increase from 161 GW to 300 GW
by 2030****



OTHER STORAGE TECHNOLOGIES




TRADITIONAL PUMPED STORAGE




MINE STORAGE CONCEPT

15-200 MW




MORE THAN 1MILLIO
= Ay
493

INES IN THE WORLD
o e

UK &Ireland
23 806* )

q
..

Spain
5175*

* Registered closed mines, Mindat.org



MINE STORAGE WoW™

OUR WAY OF WORKING AND INTELLECTUAL PROPERTY

QUALIFICATION DEVELOPMENT CONSTRUCTION OPERATION

industrializes our Way of Working - proprietary software
secures profitable business cases - enables faster scale-up
OPERATIONAL MARKET
STRATEGY ~ ANALYSIS S T —

TECHNICA
DESIGN

FUNCTIONAL DEMANDS

11 | ATrue Enabler Of A Sustainable Energy Transition e
0



Companies International Companies
. |
Mine
Energy Storage Mine
Companies Internation Companies

Equipment
Suppliers



STRATEGIC CUSTOMER COLLABORATIONS

BOLIDEN

Boliden is an international mining company with operations in Ellevio is one of Sweden’s big three regional grid operators. Ellevio is
several countries in Northern Europe. currently prohibited to connect more wind power due to constraints

in overlaying grid until 2028/2031.
Initial collaboration on a closed mine in Finland to define business Vg5 /

case and develop sustainability values. Collaboration and joint study to identify the critical bottlenecks in the
grid, sizing and location of suitable mine storages to allow for more

Future collaboration and joint study to evaluate two of their
renewables to be connected.

mines, one in Sweden and one in Ireland.
~ The collaboration is also aiming at developing a suitable business

The long term ambition is to scale-up the concept and convert : -
model for grid applications.

several of their used mines to mine storages.
f—

J

11 | ATrue Enabler Of A Sustainable Energy Transition

2



STRATEGIC PARTNERS

Expektra are energy market experts and an IT development company.

Together we develop the Mine Storage Operator software for bid and Strategic partnership with Voith Hydro, a global player in
trading of a mine storage. A “digital twin”, which will the hydropower industry.

initially simulate bid and trading strategies of a mine storage

on historical data Their comprehensive portfolio of offerings within

later provide operational mine storages with the bid and hydropower and long expertize in the industry makes them

trading decisions a very suitable partner in our first projects currently under

development.
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ENERGY
COMPANIES

Energy traders and
producers, such as
wind- and hydropower
companies need
energy storage to
optimise production,
trade and

for grid integration.

MINE STORAGE CUSTOMERS/PARTNERS

GRID
COMPANIES

TSO’s and regional
distribution system
operators need
storage to balance and

manage grid reliability.

MINING
COMPANIES

Mining companies
need energy storage to
repurpose closed
mines as part of their
sustainability efforts or
as backup power for
mines in operation.



MINE STORAGE REVENUES

ELECTRICITY TRADING ANCILLARY SERVICES GRID RENEWABLES END USER INDUSTRIAL
STABILITY INTEGRATION

2 2 (\

|4

Utilizing price variations Frequency regulation Capacity reserve & Production optimization Energy cost management
Network stability transmission support of wind and solar Power supply reliability



OPERATIONAL TEAM
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Raine Vasanoja Anna Engman Stefan Sadbom
Thomas Johansson Founder & CCO Founder & CMO Geologist & Senior Advisor
Founder & CEO . _ _ , _
thomas.johansson@minestorage.com ® ra|ne.vasanOJa@mmestorage.co ° anna.engman@mmestorage.co o stefan.sadbom@mlnestorage.co

m m m

Hakan Martinsson Robert Magnusson Mikael Larsson

Stefan Borsos :
Head of Head of Head of Development Director Energy Markets

i & Financing
Business Development Project Development of Asset Management

* mikael.larsson@minestorage.co

* hakan.johansson@minestorage.co * robert.magnusson@minestorage. =

» stefan.borsos@minestorage.com m e
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NEED dLaD

Power Sector — Huge Transformation
PARADIGM SHIFT
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Our approach d L a D

dLabs plats i elnatet

dLabs fokusomrade i elnitet

%
Kraftproducent; Ex. Vattenfall Fordelningsstation Natstation Slutkonsument

Transmissionssystemet Distributionssystemet

Rikstackande elnatsforetag; t. ex. Svenska Kraftnat Regionalt elnatsforetag; t. ex. Oresundskraft




OUR APPROACH d La D

dLab’s patented solution based on world leading research

dHub

DATA SERVER

a
ub

TR —

CONNECT COLLECT & ANALYSE TAKE ACTION



Om dLab diLab

dinsight ANALYTICS PLATFORM

* Digitalisering av fordelningsstationen,

L e 2 @ 3 4 stod for datadrivet beslutsfattande
Manga funktioner under ett paraply

Anslut & samla in Analysera Fa insikt Vidta atgarder

* Oberoende av fabrikat och alder pa
utrustningen i fordelningsstationen
Reaktiv Proaktiv Prediktiv Preskriptiv
* Hog IT-sdkerhet — hardvaran separerad

fran utrustningen i fordelningsstationen



dLab

Varfor bry sig om elnatet?

» Ett avbrott kostar i genomsnitt 2-4 kr* /kund/min
 Exfordelningsstation i Stockholm med 40 000 abonnenter med avbrott i 2h=4 800 000-9 600 000 kr!

« Overforingskapaciteten ar ett vixande problem
* Kvaliteten pa strommen i ndten gar nerat
* Implementation av nya kraftgenererande killor (sol/vind/vag)

*  Forbrukarmonstret andras radikalt ifrdaga om var och effekt. Storsta bidragaren ar EV-laddning

*Kraftringen och Ellevio



Indexrubrik

Om dLab

Grundades i Sverige 2010, kommersiellt sedan 2015

Noterades 2021 pa NASDAQ First North Growth Market med 52 MSEK IPO

Framgangsrikt testat pa marknaden, har skapat mervarde for 25+ kraftbolag i 90+ fordelningsstationer under de senaste 10 aren
Erfaret team, hogt kvalificerade medarbetare med bakgrund ifran kraftindustrin

Mjukvara med patenterade algoritmer for analys av fel

Databas med 300 ars inspelade hdndelser fran 90+ fordelningsstationer

| teknikens framkant med understéd av Al och ML

Forvarvade SLB 2021
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Smart grid Surveillance - Know Your Grid™




Current Interface Versus Exeri Interface

Current Interface

* Static display with no connection to a map of the grid
* No GPS or fault- tracking capabilities

* Outages or other faults cannot be pinpointed with
greater accuracy than between substations, which may
be hundreds of miles apart

* Manual inspection is required to locate and determine

fault type

Red Line:
No power

Exeri SGS Interface

Provides grid operators with an intuitive overview of entire
network and real-time decision support

Instantaneous fault location and identification through advanced
GPS and mapping technologies

Integration with smart phones, tablets and an operator’s central
system

Predictive capabilities, powered by advanced Al, enable
tative actions to be taken for future i .
preventative actions to en for future issues CXCRI

Seovot Grid Servedlorce




Elnatet med Smart Grid Surveillance™
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Smart Grid Surveillance
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Features of Smart Grid Surveillance™
Smart Grid Surveillance Tomorrow

Smart Grid Surveillance Today

Q\\

H
A

Fault Detection

The SGS system identifies a broad range of possible
issues throughout the grid and immediately notifies
the grid operator when a fault occurs.

Tilted Poles

The SGS system immediately detects tilted or
broken poles, enabling operators to repair the issue
before any outage or damage occurs.

Fault Location

The SGS system automatically pinpoints the exact
location of a fault, substantially reducing repair
times.

Decision Support

Exeri’'s system transforms the way grid faults are
handled, providing operators with instant fault
detection and categorization and real-time decision
support capabilities concerning repairs.

o
-

>

Conducting Poles

The SGS system automatically alerts operators about
dangerous and hard to detect conducting poles, substantially
reducing the safety hazards associated with this issue.

Eire Detection

Recognizing patterns in the data it gathers, the SGS system
will identify potential problem areas on a grid and notify grid
operators before a wildfire starts.

Automatic Fault Isolation

The SGS system enables operators to automatically isolate
faults and re-route electricity by shutting down only the
affected area — a process that currently takes hours to
complete via a manual process.

Predictive Maintenance
Al algorithms will recognize patterns concerning

particular faults, notifying operators concerning required
maintenance before any issues or outages occur.




Powergrid

DGS

En mojlighet att fordadla redan
befintligt grid till en
helhetslosning for
overvakning av natet, dar man
har koll pa hela kedjan - fran
tillganglig produktion via
identifierad mojlig
overforingskapacitet till
onskad konsumtion, och
darigenom kan man maximera
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. GRID

DIAGNOZE

Integ>§ ed Digital Asset

| 7%ﬁlgement Solution




» On-site activities

» Unit data
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