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Om Aneo

Norges nest storste vindkraftaktor

928 GWHh arlig produksjon

& 6 TWh under forvaltning hvorav 1 TWh tredjeparter

Eier 18,98% av TronderEnergis
vannkraftproduksjon

=
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Eierskap i en ledende nordisk biogassaktor

Betydelig eierandel i
Scandinavian Biogas Fuels
(borsnotert i Stockholm)

346 GWh arlig produksjon
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Flere nasjonalt ledende posisjoner nedstrems

~~ Aneo Mobility
Elbil-ladelasninger til
borettslag og
naeringskunder

-7 Aneo Build

Leverer og administrerer
ladecontainere for
elektrifisering

av bygge- og
anleggsplasser

% Aneo Real Estate
Solenergilasninger for
naeringsbygg

<= Aneo Retail

Leverer og administrerer
baerekraftig
energiinfrastruktur til
dagligvarebutikker

< Aneo Industry
Energieffektivisering og
nullutslipp til
prosessindustrien



FIGURE 4 SOLAR ELECTRICITY GENERATION COST IN COMPARISON WITH CONVENTIONAL POWER SOURCES 2021
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FIGURE 14 WORLD ANNUAL SOLAR PV MARKET SCENARIOS 2022 - 2026

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

. Historical data
B Low Scenario
-~ Medium Scenario

~ High Scenario

@ SOLARPOWER EUROPE 2022



pv magazine

News - Features ~ Events ~ Awards ~ Partnernews -~ pvmagazinetest ~ Printarchive ~ About = Advertise

Norway to nearly triple annual PV Newsletter
additions in 2022, Says researCh firm By subscribing to our newsletter you'll

be eligible for a 10% discount on

Norway’s annual PV capacity additions could grow from 54.5 MW in 2021 to 150 MW magazine subscriptions!
this year, amid rising electricity prices. The large-scale solar market is set to
contribute the most at roughly 61 MW, according to EUPD Research. Email *

NOVEMBER 28, 2022 BEATRIZ SANTOS

COMMERCIAL & INDUSTRIAL PV il INSTALLATIONS |l MARKETS [l MARKETS & POLICY [l RESIDENTIAL PV [l UTILITY SCALE PV |
Select Edition(s) *
Hold Ctrl or Cmd to select multiple

editions.

Global (English, daily)
Germany (German, daily)
U.S. (English, daily)

Australia (English, daily) it

Read our Protection P

Subscribe to our global
magazine
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Norway is on track to hit 354 MW of installed PV capacity by the end of 2022. | | PV magazine
Image: FriGer. Pixabay "|‘ :

https://www.pv-magazine.com/2022/11/28/norway-to-nearly-triple-annual-pv-additions-in-2022-says-research-firm/
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Satser stort pa solkraft i Norge: Har planer
for 14 bakkemonterte kraftverk

Norske Energeia betaler millioner til norske kommuner for a leie tomter til
solkraftverk.

as anlegg i Nederland. Foto: Energeia

Energeia gnsker a fa til solenergi i kombinasjon med beitedrift. Her fra Energeias a

Q Erik Martiniussen Journalist

24.nov. 2022 - 05:00

= [

Denne Ekstra-saken kan leses gratis av alle du deler
den med.

Kopier lenke @

Energeia vil bygge fire store solkraftverk i kommunene Gjovik, Sendre

Land og @stre Toten. Som kompensasjon tilbyr de kommunene millioner
I tomteleie — eller direkte eierskap i kraftverkene. Nﬁo

Kilde: https://www.tu.no/artikler/satser-stort-pa-solkraft-i-norge-har-planer-for-14-bakkemonterte-kraftverk-br/523884?key=ad4woZlh3



https://www.tu.no/artikler/satser-stort-pa-solkraft-i-norge-har-planer-for-14-bakkemonterte-kraftverk-br/523884?key=a4woZlh3

Oraforkiarineer

 kWp - kilowatt «peak» = solcellens ytelse malt ved standard testbetingelser,
STC

« STC - Standard Test Conditions:
* |nnstraling = 1000 W/m?
 Spektrum =AM15
» Temperatur = 25°C

« kWh/kWp = spesifikk ytelse — ngkkeltall for sammenligning av ulike
designalternativer og kraftverk

 Pnom = forhold mellom DC- og AC-ytelse pa kraftverket

05.12.2022 6 ANEO
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Seurce of ancillary data

Lambert Azimutal Equal Area,
WGS84, lat 52¢ lon 100
CORINE Land Cover

DTM SRTM-30

GISCO database

Geonames Natural Earth

Thomas Huld, Irene Pinedo-Pascua

European Commission « Joint Research Centre

Institute for Energy and Transport, Renewable Energy Unit
PVGIS http://re.jrcec.europa.eu/pvgis/

NEC



Utvikine av solkrart 71 Noree - Axkkumulert

140 Ny installert effekt av
- solkraft i Norge for
. 2022 forventes a lande
5 100

pa ca 140 MWp

60 -Akkumulert ca 320
o I MWp
- __nh I

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
W [kke fordelt pa storrelse ®m0-20 kW  ®20-50 kW 50-100 kW >100 kW

05.12.2022 8 ANKO



Solar in the Nordics — Resource potential

Nordics lagging far behind European comparable countries

Installed capacity of Solar PV for select European countries
GWc
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Installed capacity of Solar PV for select European countries
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JeANn/Sk potens/al for solkrarst /s Noree er ca. 200 7WhH/ar

199

aTwh_ 138

.0,003 TWh - Teknisk potensial pa bygg [TWh/ar]

NO4 - Utbygd solkraft tom mai 2022 (estimert) [TWh/ar]

B Arsproduksjon[TWh/ar]
Teknisk potensial pa gra arealer [TWh/ar]

- Teknisk potensial pa bygg [TWh/ar]

66 TWh

12 TWh

0,015 TWh

5 TWh
. NO5 NO1l
0,011 TWh
0,079 TWh

NO2 25 TWh

16
16

«Gra arealer» er
Vannkraft  Vindkraft Solkraft arealer som

T gy allerede er berort
0,15 TWh mﬂﬂ )jr‘,'-]% / \

A\

. Totan ¢ av menneskelig
18 Twh 0,050 TWh a kt | VvV | t et

Kilde: Multiconsult / Solenergiklyngen

05.12.2022 10 ANﬁo


https://www.solenergiklyngen.no/wp-content/uploads/2022/08/220815-markedsrapport-solenergiklyngen-final-.pdf
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Noroes storste solkrartverk — 3,8 Mip -
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Multiconsult ENERGI l 2 Sron

[7voraan o yLLe

sojparker pa e
Norsk 7

 "Beste praksis for bakkemontert solkraft”

« Kommentert av Naturvernforbundet, DNT
og Noregs Bondelag

* Arealbruk
 Biologisk mangfold

« Rammebetingelser

05.12.2022 13



Oopbyoo/ne av SOlkrartverk

Solcellemodul
gl |
Cross Section - 2566 17 547 2 566—
20 117 ‘
10 850

Projection
20 Module = 1 String
= 438 kWp

Streng
— Vekselretter s
\ 1 Bord =
strenglengde
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reversibel installas/orn

* |nstallasjonsteknikkene for solkraftverk er
reversible

* Normal fundamentering:
e Ramming
 Ballast

 Jordskruer

 Arealet skal normalt tilbakefares til origina
tilstand etter konsesjonsperioden

Foto: Sunna
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Verxselrettere 7or store A7a7tverk

« 1500 V DC inngang

* Lengre strenger

* Mindre tap

e |Lavere kostnader

 Prefabrikerte enheter med vekselretter og
transformator

 Dynamisk kontroll av

e Reaktiv effekt

« utmating (Spenningsregulering)

05.12.2022 19




Utrorarineer med PV s nettet

Stage 1: Low PV/ VRE Stage 2: Regional Stage 3: PV/ VRE significantly Stage 4: PV/VRE
penetration PV/ VRE hotspots affect system-wide operation = dominated power system

Main challenge: Get the Main challenge: Increase Main challenge: Increase Main challenge: Ensure

*
grid PV/ VRE ready regional grid hosting capacity flexibility in grid operation § system-wide stability
Regional challenges, i.e.: Regional challenges, i.e.: Regional and system-wide é Regional and system-wide
* Potential over-voltage issues * Significant over-voltage and over- challenges, i.e.: £ challenges, i.e.:
(especially in rural grids) loading issues *» See Stage 2 S1 ¢ See Stage 2 & 3
: S @
* Potential over-loading issues * Reverse power flows and reco- * High need for active and reactive = I « Potential reliability and stability
(especially in rural grids) ordination of protection settings power flexibility -?_ issues in inverter dominated
o ; e
System-wide challenges, i.e.: * Coordination of regional and é power systems (i.e. declining
System-wide challenges: » Relevance of PV for system system-wide services E 'f“e't'_a' ;)Iack-start, grid
© orming

* Smart Grid concepts increasingly
necessary at distribution level

stability usually reached
* Adaption of unit-commitment

* Usually none ‘
PV/ VRE and PV/ VRE hybrids

conventional generation * Potential reliability and stability have t? prOVide.a major share
issues (i. e. declining inertia) of ancillary services
Inverter functionalities in Inverter functionalities in Inverter functionalities in y Inverter functionalities in
focus: focus: focus: focus:
* Usually “get out of the way” * Autonomous grid support * See Stage 2 * See Stage2 &3

functions, i.e. Volt-var,
frequency-Watt

* Ride through and remain
connected functions

approach. PV disconnects in
case of a grid disturbance
(not recommended).

* Active grid control functions,
i.e. synthetic inertia, black
start capability, grid forming
capability

* Remote control functions, i.e.
request P and Q, remote P
curtailment increasingly also
for distributed PV/VRE

Barrier: Advanced regulatory frameworks recommended*

Barrier: Advanced regulatory frameworks recommended*

Barrier: Advanced regulatory fr

*Revision and update of regulatory frameworks, such as grid codes, selected standards and eventually ancillary service procurement procedures, before entering next stage highly recommended

PV/ VRE Penetration level (regional / system-wide)

Low to Medium / Medium to High / High /

Low Low to Medium Medium to High

Kilde: https://iea-pvps.org/key-topics/pv-as-an-ancillary-service-provider/

05.12.2022 20


https://iea-pvps.org/key-topics/pv-as-an-ancillary-service-provider/
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The developments In the grid-codes worldwide are the result of a fundamental
paradigm shift regarding the approach for connecting DER,

moving from a “fit and forget” practice and towards an active integration of DER
Into the power systems

IEA PVPS - Task 14

2l
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A

Grid Voltage Shall disconnect

VNH r\

1 - Narmal voltage range
for permanent operation

T T T T . .

Must remain connected
and support
the grid

May disconnect
or ride-through

il
85
T Shall disconnect
E b from the grid
E [ ]
0 |
Initiation Time (s)
of fault
Relevant Standard: https://ieeexplore.ieee.org/document/8332112
05.12.2022 22
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Fast frequency response (i.e. synthetic inertia)
Black start capability
Grid forming control

Remote control: i.e. connect/ disconnect, adjust maximum generation,
adjust reactive power
Parameter adoption

» \oltage control: i.e. Q(U) control
* Frequency control: frequency-watt P(f)
* Fast reactive current

*» Compatible with ride-throughs
* Avoid inadvertent tripping
* |slanding not inflicting power quality

« Active power - frequency range
* Voltage range
* Reactive power range

* Voltage ride-through
* Frequency ride-through
* RoCoF immunity



https://ieeexplore.ieee.org/document/8332112
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Solcellemoauler - Utvikline

e @kt virkningsgrad
* Monokrystallinsk

74

LEAD-FREE
ROHS CO

* Starre wafer s

solar
award

 Half-cut celler
 Redusert bruk av bly og salv

 Storre solcellemoduler
« 400 Wp -800 Wp

* «shingeled design»

400-430 Wp

05.12.2022 24
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-S/qlee moauler

Beam component
Diffuse

Diffuse
on rear side

Beam on rear side
(summer evening)

- Ground

Reemitted to rear side Albedo Reemitted to front side
factor

View factor R = reemitted fraction to rear side
View factor F = reemitted fraction to front side

Illustrasjon: PVSyst

05.12.2022 25

Foto: Sunna
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Figur: energy-charts.info

Solar vs. Wind in Deutschland in 2022
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https://energy-charts.info/charts/power_scatter/chart.htm?l=de&c=DE&interval=year
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RMIPPP
540MW solar and 225/1,140MWh battery

20-year PPA with Eskom providing 150 MW of dispatchable RMIPPP: Dispatch requirement
capacity

Dispatch of Contracted Capacity is required between 5:00 am [
and 21:30 pm - all year

Capex of ZAR 16.4 billion (USD 962 million) S

76% non-recourse debt from lender group incl. Standard B R N
Bank and Bl |

Scatec sole provider of EPC, O&M and AM services

Kilde: Scatec
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Rrarthanael - Forecastinge
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Kilde: www.steady-sun.com Kilde: Energy-charts.info
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KoSstnaaer

Kostnadsfordeling Bakkemontert Kraftverk

« Kostnadene for solkraft har gkt som faglge av e

Transport og annet

Korona 5 9%

» Systemkostnad i dag er omtrent 6 -8
NOK/Wp

* For Korona var kostnaden ca 5,5 NOK/Wp

 Spesifikk ytelse i Norge er normalt 900 -
1250 KWh/kWp

Installasjonsarbeid
23 %

Modul
49 %

Kabler og el-
utstyr
5%

%ingssystem

14 %
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Solkrart s Arktss

330 | ; —— Bifacial
300 EI,) Spring ! b) Summesr —— Monofacial sky
I —— Monofacial ground
E 250 I
S 200 | A ﬁ
.; |
= 150 |
£ | |
= 100 :
50 _ |
,. I ¥
WP 9-Apr 10-Apr 11-Apr 21-Tun 22-Tun 23-Jun 24-Jun
<l
Foto: Multiconsult Kilde: Frimanslund et. AL Polar solar power plants — investigating the potential and the design challenges EO
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OopSummerine

1. Utbygging av storskala solkraft i Norge begynner na

2. Mange prosjekter er allerede under utvikling og vi kan forvente en rask gkning
av solkraft i det norske kraftsystemet

5. Vekselrettere kan bidra med flere tjenester til nettet, og tilkoblingskriteriene
bar tilpasses dette pa et tidlig tidspunkt i utviklingen
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Solkrarlt oo krartnett

DSO/ TSO Observations

IEA INTERNATIONAL

ENERGY AGENCY

05.12.2022

Transition from Uni-Directional to Bi-
Directional Distribution Grids:

Management Summary of IEA Task 14 Subtask 2 —
Recommendations based on Global Experience

Report |IEA PVPS T14-03:2014
ISBN: 978-3-906042-24-4

Low/ medium

penetration

High
penetration

National penetration scenario

TSO-Perspecitve

<&

DSO observations:

e Potential over-voltage issues
{especially in rural grids)

e Potential over-loading issues
(especially in rural grids)

TSO observations:
e None

DSO observations: @

e Significant over-voltage issues
e Significant over-loading issues
e Changes in reactive power balance

TSO observations:

e Reverse power flows from DSO

¢ Increased necessity for re-dispatch
and congestion management

Regulatory barriers

Regulatory barriers

7
%/ DSO observations:
o Seestage2 @
TSO observations:
e See stage 2, plus
* Increased need to re-coordinate
protection settings
e Potential reliability issues (e.g,
constraint operation, voltage and
frequency stability impacts, black
//// ' start issues etc.)

‘Goal: PV as a major

electricity source
>

Low/ medium
penetration

Local penetration scenario High
DSO-Perspective

penetration

Figure 4: Definition of PV penetration stages and potential technical observations by distribution system
operators (DSO) and transmission system operators (TSO)

Kilde: https://iea-pvps.org/key-topics/transition-from-uni-directional-to-bi-directional-distribution-grids-iea-pvps-task-1403-2014/
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Flanlaote Soltkrartverk /
Noroe

e Seval Skog —130 GWh/ar

* Mehlum Solkraftverk — 40-50 GWh/ar
e @ystadmarka —120 - 240 GWh/ar

e Buer Solkraftverk —1 GWh/ar

* Furuseth Solkraftverk — 6,4 GWh/ar

* Equinor (Freya) —1 GWh/ar
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FNOR er sentralt for beare utnyittelse av
kKrartnettet

EFFEKTPROFIL
EN KALD VINTERDAG

eksisterende hus
med panelovn

Wim2,

+40-50 %

rehab med panelov

+60-70 %

belysning og
elektriske apparater

>
hour

05.12.2022

25

Space heating Space heating

5 Power intensive industry

Electric appliances, fans&pumps, lighting

8760

Denmark  —Norway

Kilde: SINTEFs beregninger i FlexBuild-prosjektet (Sartori, Lindberg et al., 2022)
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Overspenn/ine

05.12.2022

ULv

Line

PCC

e

B

Load

DG

Voltage drop by DG

>

Q-control (underexc.)

Voltage rise by DG active
i | power tfeed-in

Unelengﬂ1'
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IEA INTERNATIONAL ENERGY AGENCY

Do It Locally: Local Voltage Support by
Distributed Generation — A
Management Summary

Management Summary of IEA Task 14 Subtask 2 -
Recommendations Based on Research and Field
Experience

Report IEA-PVPS T14-08:2017

Kilde: https://iea-pvps.org/key-topics/t14-08-report-d o-it-locallv-EO%N EO


https://iea-pvps.org/key-topics/t14-08-report-do-it-locally-2017/

Rontrollstratesrer mea reakt/v ef7ext

Table 3: Comparison between different reactive power control strategies by DG (based on [7])

Category

Reactive power control strategy

Fixed power factor Cos¢ (P) characteristic Q(U) characteristics
Effectiveness to T highest effectiveness, all DG systems 1T high effectiveness, all DG systems equally A effectiveness usually slightly less, compared
mitigate voltage rises equally contribute to voltage support contribute to voltage support to cosg(P) control; only DG at critical PCC
[7] Joundifferentiated Q-provision, e.g. N undifferentiated Q-provision, e.g. unwanted provide voltage support
unwanted voltage reduction also in load voltage reduction also in load dominated A1 can also provide voltage support in case of
dominated feeders feeders (to a smaller extent than fixed under-voltage at the PCC = — = Coaunhofer
power factor control) Control Th' 5. " IWES
Impact on reactive Jo usually highest Q-provision of DG systems | N partially unneeded Q-provision of DG A Q-provision only at PCCs and at times when Center A~' '\\ -
power demand in systems (to a smaller extent than fixed voltage support is required ' %0& ) :
distribution grids [7], power factor) 0 reactive power ramps by DG systems &> Distribution ; j <+— Control Signal
[36] N usually high reactive power ramps by DG depend on voltage variations at PCCs < Management | ‘/_— Optional Qoqtrol Signal
systems HV = System (DMS) | T ¢~/ Communication Interface
Impact on existing 1~ | depending on the location of the voltage regulators (e.g. R/X ratio) and the applied control configurations, DG reactive power control can l
voltage regulators either increase or decrease the voltage regulator operations. In the investigated case studies a proper Q(U) control (volt/var) supported the grid <7 ‘
[46], [63] voltage effectively, while the number of voltage regulator operations remained on the same level or was reduced. e | 4]
E;’ipact on grid losses B Jo usually highest grid losses o usually increased grid losses 7 lusuallu_.r no unnecessary increase of grid T O T T vy ~N
0sses 51
Complexity of DG T simple parameterization A simple parameterization, but highest ~  more complex parameterization; N\ ‘ B:_Q * | ?
parameterization 0 awareness is required for the sign voltage rise at PCC, which does not always compromise between effectiveness and pv | Micro
[7], [14] convention of Q-provision (under-/ occur during the highest PV feed-in additional reactive power provision by DG e @‘- DMS %:’
overexcited operation) plant dimensioning should be considered 0 awareness is required for the sign v | LY Se——— L/ S —
0 i;ﬁﬂ&:j:ﬁ;ﬁlz;zqmred. f.n::r the sign convent.mn of Q—prf::wsmn (under-/ Load O | > J
-provision (under-/ overexcited operation) N o | P m
overexcited operation)
Cost-Benefit-Analysis ™ A = DG Reactive power control can avoid or delay expensive grid reinforcement measures. The cost saving potential depends especially on the s Central G Decentral Local )
[30],[33] grid structure and the controller parameterizations.
Controller stability 0 Open-loop control — no voltage stability problems are expected. 0 Closed-loop control: Stability problems can
[48], [49], [50], [51] occur if the control parameterization is not
appropriate. If parameterized appropriately,
stability issues are of no concern.

Legend: 1°: advantage, J.: disadvantage o: not rated

° Impact of PV reactive power control on the grid losses is strongly case sensitive. For example, in the study [63] the fixed power factor control and the intelligent volt/var
control (Q(U)) could reduce the line losses in the grid.

05.12.2022
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£L proukt — manoe Oruksomraaer oo samme virknmneserad
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