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Inclusive digitalisation in
the Nordics and the Baltics

Yngvar Lundh £ Pal Spllllng

1973: Internet to
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Vinton Cerf

Source: http://www.michaelkaul.de/History/history.htrr
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Energy transition

needs to be a

Societal transition




Societal Security  Reachul

' personal potential
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actualisation = meaningful
work

Digital Transformation,
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Affordable Energy & Internet Lite for All SN
the catalysts for the goals more than 250
schools connected
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International Energy Agency
(IEA, 2026)

4

= “all electric” Electrical energy = ~3.6% el. energy growth/year
demand is 2.5 times other 2026-2030

energy demand

400 2025-2030 India - Electrical 2025-2030

USA - Electrical O Total: 426 TWh demand growth O Total: 573 TWh
N

demand growth N 500
300 i i

200 —— 400 ﬁ
|

@

s I — 200 -
N . H
7 2015-2020 2020-2025 2025-2030 2015-2020 2020-2025 2025-2030

O Industry @ Cooling O Rest of buildings

O Industry @ Cooling € Heatpumps © Datacentres

@ Agriculture © Transport O Total
@ Other O Total

O Rest of buildings © Transport
IEA (2026), Electricity 2026, IEA, Paris https://www.iea.org/reports/electricity-2026 ,
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Limited Grid-capacity

= "No capacity for
new usage Iin
Oslo, @stfold and
Akershus until
2030-2035"

[Kraftlgftet Oslo Akershus, LO & NHO, 2023]

= (Green business
development?

[SSB, http://ssb.no/stabank/table/10314/]

+59%

51% requested
capacity increase

Requested demand (Elvia, 2023)

Max .
used 5% capacity
95% (2310 MW) capacity queue
4150
MW
Dagens Reservert | ko Forespgrsel Veiledning @nsket
makslast kapasitet
Eliva: 1180 MW
B Installert effekt 1 Reservert Forespurt i} Totait Ytterligere and other future
(148 | production
[(+48%) | ‘
60 456
80 66
80

308 ?

Increased production
Grovt anslag okt

produksjon:
.
Dagens installerte 0.2-0.5 TWh
kapasitet bestar av
Installert Kapas vannkraft (73%), sol Vann Solkraft Total FPotensiell produksjon

(19%) og varme (8%)



http://ssb.no/stabank/table/10314/%5D

The electrical grid

4 /9 Concentrator

Smart home ‘ ‘ g
appliance
— mart Meter powerline
Internet communications

communications

nicea.no

b - ——— - ——————— - — - — - - ——— - - - -



http://picea.no

Frequency and Voltage - control and
stabilisation

= 50,2 Hz too much Frequenzhaltung
energy

® switch off photovoltaic

= 49 8 Hz too little
energy

- 230 V (400 V)

= drop due to resistance
in the line

AAA

% Consumption .

50

- Production

To understand: N
' - complexity of grid and grid regulatio
- complex numbers Voltage vs Currengg
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https://www.youtube.com/watch?v=xr76E9AmlaE

Norwegian grid
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https://driftsdata.statnett.no
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Power Grid 2024

US electric grid growing more vulnerable

to cyberattacks, regulator says

By Laila Kearney
April 4, 2024 11:48 PM GMT+2 - Updated 9 months ago

0[] [<)

A local resident walks by the power grid towers at Bair Island State Marina Park in Redwoad City, California, United States, January 26, 2022.
REUTERS/Carlas Barria/File Phato Purchase Licensing Rights [

Home / 2024 / May / Ukraine blackouts caused by malware attacks warn against evolving cybersecurity threats to the physical world

Ukraine blackouts caused by malware attacks warn
against evolving cybersecurity threats to the physical

world

May 17, 2024
By Emily Cerf

On a cold winter night in 2016, Ukrainians
experienced the first-ever known blackout caused
by malicious code (malware) designed to
autonomously attack the power grid. One-fifth of
Kyiv's citizens were plunged into darkness as
attackers used malware to target the capital
city’s power grid. Six years later, in the early
months of the ongoing Russia-Ukraine war, a
second attack attempted to combine kinetic and
cyber attacks to take down Ukraine’'s power grid.

Malware attacks against physical infrastructure
have long been a looming threat in the realm of
cybersecurity, but these two in Ukraine were the

SHARE THISSTORY: ¥ f in &5

Power lines in Ukraine. Photo credit: Mny-Jhee, iStock.

first attacks of their kind, and have received little attention from the academic community. Carried out by a
Russian intelligence agency against Ukraine, they warn of the evolution of cyber attacks to the built world, and
highlight the need to better understand and defend against this type of malware.

https://news.ucsc.edu/2024/05/ukraine-cybersecurity.html

https://www.reuters.com/technology/cybersecurity/us-electric-grid-growing-more-vulnerable-cyberattacks-requlator-
says-2024-04-04/
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https://www.reuters.com/technology/cybersecurity/us-electric-grid-growing-more-vulnerable-cyberattacks-regulator-says-2024-04-04/
https://www.reuters.com/technology/cybersecurity/us-electric-grid-growing-more-vulnerable-cyberattacks-regulator-says-2024-04-04/
https://news.ucsc.edu/2024/05/ukraine-cybersecurity.html

28Apr2025 Spain & Portugal blackout

8t Baker Institute

= Cause: 12:20 Oscillations across Europe 2025: ES, PT
12:40 Nuclear outage FR 2025: CL crie
* 60% solar energy, 12:32:57 generation trips (20's) 2023: PK
= 1. solar park switched off, 1.5 s later 2. solar total 2200 MW deducted 2022: BD
park 12:33:18 freq 48,0 Hz 2021: PK
- . 12:33:21 AC to France stopped 2020: LK sriLanie
= interconnection to France stopped (f < 48,0 Hz) 12:33:24 blackout (incl HYDC)

= (Conventional: inertia (rotating generators)
= Solar: sudden death (DC/AC converters)

= Challenge:
= distributed respond to grid fluctuations

Center for Energy Studies | Commentary

The Iberian Peninsula Blackout — Causes, Consequences, and
Challenges Ahead

May 2, 2025 | Raul Bajo Buenestado

https://www.entsoe.eu/news/2025/05/09/entso-e-expert-panel-initiates-the-investigation-into-the-causes-of-iberian-blackout/

https://www.bakerinstitute.ora/research/iberian-peninsula-blackout-causes-consequences-and-challenges-ahead

https://en.wikipedia.org/wiki/List of major power outages
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Distributed Grid

- solar, PV, wind

- storage (electrical & thermal)
- nuclear

[Source: TU Oct2024, Willy Kramer]
15


https://www.thenationalnews.com/business/energy/2026/07/06/syrias-solar-boom-is-redefining-middle-easts-energy-model/
https://www.thenationalnews.com/business/energy/2026/07/06/syrias-solar-boom-is-redefining-middle-easts-energy-model/

Example: Bulgaria

= 16% of the production capacity of
the country is available as battery
capacity

= 1/3 public, 2/3 privat funded
 Lowetsch: 500 MWh

= result: el. price 5-10 EUR/MWAh

cheaper than in surrounding
countries

https://www.mdr.de/nachrichten/welt/osteuropa/politik/energiewende-
solarenergie-pv-anlagen-,bulgarien-batteriespeicher-rekord-100.html
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Examples:
Syria & Pakistan

= Pakistan
= PV largest energy producer
= 25% of total production in 2025

= ~2.8 GW not metered rooftop
installation

= net-metered 5.3 GW
= Syria

= off-grid growth: 0.25 GW (2022), 1.5
(2024), 2.06 (2025) - 10x in 3 years

https://ww.reuters.com/markets/codities/pakisténs-
solar-surge-lifts-it-into-rarefied-25-club-2025-06-17/ 25

e

izr

https: //www thenatlonalnews om/bu3|ness/enerqv/2026/07/06/
syrias-solar-boom-is-redefining-middle-easts-energy-model/
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Neighbourhood
“"Energy-neighbourhood”

“sharin




Components of energy

©
&

= Cost of installation “smart”
= heat pump
= car charger

Balcony
= VV2G charger power
= Convenience modelling @
= temperature PP
= car mobility %_s?
= Seasonal storage e"e'Q
= Thermal storage \\!\hi{“\\\.nm G&
E
= Psychology database o —
= Neighbour, Incentives, Fear, ... i/Security

energy.jnoll.net
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Energy control
6Mar2025

= typical
= 319% self consumed

= 43,5 kWh produced
(orange)

= 29,9 kWh to the
grid (pink)

Energy distribution
4 < Solar
: . — B _Beal ‘ = v,
_, — — A ‘ | | | } 43,5 kwh
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i - = |
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= ) = \ _.—// b
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0
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* i
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Self-sufficiency
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https://www.mn.uio.no/its/english/research/projects/dessi/index.html

neighbourhood

= Balcony Power
Plants

[Source: TU Oct2024, Willy Kramer]

Austria - new tariffs for energy
D=
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Bundesministerium
Klimaschutz, Urwelt,
Energie, Mobilitat,
Inrovation und Technologie

Siromerzeugung

; u
\@&»
I BEG

o Netzebenen 1-/
(6sterreichweit)

A MM A

Netztarife in voller Hohe
# Nur Strom

~ Regionale EEG
@ Netzebenen 4-7

Vergunstigte Netztarife
Strom und Warme
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Master med Mening
by Ingvild Oftedal

“Stabil Energi til
Tumaini Open School”

med stgtte fra Ingenigrer uten
grenser (IUG), Traineg,
Stiftelsen Basic Internet

UNIVERSITETET
I OSLO

Distributed Photovoltaic Systems for

Sustainable Rural Development

23



Item . | Total cost (USD) '
PV module ) 1109 ¢

6
AGM battery 8 2134
Hybrid inverter ]
1
]
1
]

Battery enclosure 333
Racking system 222
Installation accessories and materials 780
Labor charge 370
Grand total (Investment costs) 7127
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Training on local cloud (Nextcloud
K

The InfoSpot at Tumaini

/
-

Mounting the directive antenna |

Ingvild
Oftedal




Food for thoughts (1/3)
PhotoVoltaic (PV) system costs and effects

Cost-efficient and
high capacity factor

Limited rural

sSocio-economic impac

Low carbon footprint
per unit capacity,
but high land use

Regulatory and financing

barriers, and
low profitability

Centralised

- D

Techno-economic

tISocio-economicj

Environmental

Institutional

decentralised

Socio-economic

'%

Environmental

f

Institutional

. Not cost-efficient
Techno-economic

Promotes affordability,
local jobs and
gender equality

—

Minimal land use, but
battery waste impact

Favorable regulatory
environment and

A=

Rise of Decentralised Energy

flexible funding, but
low profitability
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Food for Thoughts (2/3)
Energy Layers

'55% by 2030, 90-95% by

Mission Planning 2050

\_

y
Reporting

: Sector specific goals & A

incentives: housing, ...
N Y

Operation Planning

Control, Al, ..

- p

Energy Management Municipality buildings
- Y

twin layer interface energy distribution
Energy-, Component-, /Component monitoring &\
Electrical Health control
- Y
Abstraction layers Municipality example
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Food for thoughts (3/3)
How to include people & decision makers?

Decision makers

= Include people Politicians
= Neighbours *
» Fear / ..
= [ncentives regulatins “‘want to be loved”
su/pport election
= Pilots & examples Indust/ry \People
qualified

= Other cities

R 1 10V [1V7- (=Yo [um——
employees |
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Summary and food for
thoughts

= From centralised to decentralised energy
= Today:

= shortage of electrical energy

= cyber- and hybrid-attacks

= “‘no work”
= Future

= Participatory transition

= [ncreased Resilience

= decentralised installations (work)
= How to "make it happen”?

= centralised vs decentralised

= handling the complexity

= psychology of the transition

— TN
—_ R

/Echno-econo@\
Techno-economic  ——— —
Socio-economic
ot Socio-economic
S _

% —_%
Environmental _
Environmental
ing Institutional — _—

Institutional

— ST e

Mission Planning 55% by 20230%09(}95% by
\ J

Rc;/)m
Operation Planning Sectm: spe:cnﬁc g.oals &
| incentives: housing, ...
Control.
Energy Management ‘ Municipality buildings
twin layer interface energy

Energy-, Component-, /Componenl monitoring &\
Electrical Health | control
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