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Elektrisitet
• Tilgang til elektrisk har vært, er og skal forbli viktig for samfunnet, derfor 

trenger vi et elektrisk kraftsystem som blir mer og mer sentralt i de-

karbonisering

Kursintro

World bank 2009



Fremtiden er elektrisk
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Fremtiden er elektrisk

Ja, det kan vi!

Kilde: Energy Transmissions Commission 2018  

Massive electrification, 
leading to an electrical 
power demand increase 
in Europe by a factor 4 to 
6



Elektrifisering er veien til de-karbonisering i Europa
• Whatever the precise level of final energy demand,

electrification will be the dominant route to decarbonization, with direct use of 

electricity accounting for 65-75% of final energy demand, and

hydrogen and ammonia (in part produced from electricity) accounting for about 10-15%.

• Total electricity generation, whether for direct use, or for the production of hydrogen, 

ammonia or synthetic fuels,

will need to grow from around 20,000 TWh today to 85-115,000 TWh by mid-century. 

• This hugely increased electricity supply will have to be produced at 85-90% from direct 

zero-carbon electricity generation (i.e. renewables or nuclear) with only 10-15% coming 

from biomass or abated fossil fuel inputs.
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Fremtiden er elektrisk

Hvordan blir det i Norge?



Betydning av full elektrifisering av Norge
• Erstatter vi det meste av dagens fossile energibruk med elektrisitet, får vi en økning i 

kraftforbruket på 30-50 TWh per år. Med en tilsvarende vekst i fornybar kraftproduksjon gir 

dette en halvering av klimagassutslippene i Norge.

• Konsekvensene for transmisjonsnettet vil trolig være moderate.

• For å nå nullutslipp i energisystemet kan produksjon av hydrogen føre til ytterligere 40 TWh. 

• Statnetts estimater tilsier at overgang til elektrisitet der dette er mulig vil bety at 40 TWh

fornybar kraft erstatter 95 TWh fossil, altså mer enn en halvering av energibruken

• Dette vil gi store besparelser i energibruken og en samlet reduksjon i norske 

klimagassutslipp på rundt 25 millioner tonn CO2-ekvivalenter
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Utenlandsk 
kraftproduksjon: vind, 
sol og termisk

Vannkraft-magasin Distribuert produksjon 
med flere 
energibærere

Energismart
nabolag

Energilagre

Mikronett

Klimavennlig
flyplass

Bioenergi og 
biodrivstoff

Dyp geotermisk 
energi

Klimavennlig energi-
effektiv industri inkl. 
CO2-håndtering Klimavennlig 

anleggsplass

Smarte byer

Landvind

Havvind

Vannkraftverk

Klimavennlige energi-
teknologier til maritim 
transport

Fjernvarme

Forbindelse til 
utland

Klimavennlig
energi-stasjon

Hydrogen -
produksjon
med CCS



Vannkraft som ryggraden
i norsk energiforsyning

Havvind for et 
internasjonalt marked

Solkraft for et 
internasjonalt marked

Digitaliserte og 
integrerte energisystemer

Klimavennlig og energieffektiv
industri inklusive CO2-håndtering

Klimavennlige energi-
teknologier til maritim transport



Elektrisk kraftsystem blir ryggraden



Tittel på presentasjon



Hvordan ser dagens nett i Europa, Norden, Nordsjø og Norge ut?
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Synkronområder
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Dagens nett i Norden

• Kraftnettet transporterer strømmen

fra produsent til forbruker.

• Et velfungerende nett er en

forutsetning for sikker strømforsyning.

• Kraftnettet er bygget opp på følgende

måte: 

• Transmisjonsnett
• Regional nett
• Distribusjons nett
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Norge er en del av det Nordiske 
synkronområdet

Klimamålene gir oss nye utfordringer i Norden

import + produksjon = eksport + forbruk + tap 

Fleksibilitet Kapasitet Inertia Frekvenskvalitet

Kilde: TYNDP 2018 Kilde: Nordic Challenges report 2017



Elektrifisering øker behovet for overføringskapasitet

• We need increased transmission capacity, storage, hybrid off-shore

infrastructure, smart grids and Power toX

• 93 GW cross border exchange is needed

• Investing 3,4 bnEuro/year between 2025 and 2040 decreases

generation costs by 10 bnEuro/year
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Europeisk nettplanlegging
• På Europeisk nivå koordineres nettplanlegging via ENSTO-E

• Det utvikles en TYNDP (Ten Year Network Development Plan) hvert 

annet år
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Identified need for capacity increase 2030 and 2040
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Hvorfor investerer vi i nett?
• Green Deal realisation 53 Mtons of CO2 avoided

each year

• Investing will be the key to support
the economy post COVID. It will
support European industry.

• Addressing the identified needs by
2040 would represent 45 bn € of
investment, translating directly
into jobs and growth.
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What if we do not invest:
High price differences between market areas 
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Regional nettplanlegging
• Kompleterende til

Europeisk plan utarbeides

det 6 regionale plan

• Norge inngår i hvert fall i

2 av de
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Nettplanlegging i 'Baltic Sea'
• Også denne rapporten viser økt behov for kapasitet
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From TYNDP 2018

Nettplanlegging i 'Northern Sea'
• Off-shore grid er i utvikling



Electricity grids are the enabler for de-carbonisation
This gives both opportunities and challenges

The future is electric

it is all about keeping the lights on..
and this is getting more difficult



Challenges and opportunities
for the Nordic power system



Nordic Power System

The changes challenge the way the
Nordic Power System is planned and operated



Nordic Power System

Increased demand for flexibility
Challenges

• The demand for flexibility is increasing, 
both in the day-ahead market and in the 
operational hour. 

• At the same time, the flexibility provided by 
existing hydro plants is limited and the 
thermal production capacity is declining

• A risk of having hours without price 
formation in the day-ahead market

• Periods of insufficient balancing 
resources available in the 
operational hour

• A finer time resolution in the day-
ahead, intraday and balance market

• Utilize the transmission capacity 
more efficiently

• Ensure that the rules and regulation 
of the market facilitates the most 
cost effective development and 
utilization of available flexibility

• Utilising the information provided by 
the AMS-meters to introduce 
demand response  

Possible solutions



Nordic Power System

Possible solutions

Generation to ensure security og supply

Ensuring flexible capacity with market signals

Lack of adequate assessment and methodologies
2

Challenges

1 • Develop harmonized Nordic common probabilistic 
methodologies 

• Identify mitigation measures to address adequacy in 
a Nordic perspective, although the implementation 
can be both national and regional. 

• Common definitions on generation adequacy that 
focus on defining a socioeconomically efficient level 
of security of supply.

Demand-supply balance in the Nordic power system on
21 January 2016. The figure shows that on this date the 
demand-supply balance was very tight. Market Data from 
Nord Pool Spot.



Nordic Power System

• Larger imbalances caused by ramping

• More unpredictable power generation will 
increase the forecast errors

• Increased need for, but reduced access 
to, reserve capacities

• Availability of transmission capacity for 
frequency and balancing reserves 

Possible solutions

Maintain good frequency quality to ensure operational security

Challenges

• A common Nordic specification for the frequency 
quality

• Further develop joint Nordic ICT-solutions 

• Introduce higher time resolution 

• Stronger incentives for the Balance Responsible 
Providers to keep the balance 

• Introduce efficient solutions for allocating 
transmission capacity to the reserve markets. 

• Harmonize products and market solutions for 
frequency and balancing regulation 



Nordic Power System

Possible solutions

Sufficient inertia to support system stability

Challenges

• Having sufficient inertia in the 
system to ensure operational 
security

• Lack of minimum requirements i.e. a 
common understanding of how low 
level of inertia the system can 
handle and what is expected in the 
future Nordic power system 

• Market solutions or 
incentives to ensure that 
enough inertia is 
maintained in the system 
at all times

Technical solutions

• Installing system 
protection schemes

• PMU and the use of 
HVDC links/converters

• Increasing inertia from  
existing production units

• Add more frequency       
containment reserves

Frequency and power responses after a generator trip. a) Initial frequency 
and frequency responses after a generator trip with high and low

Estimated kinetic energy in 2025 as a function of 
total load in the synchronous area with wind and 
solar production and HVDC import including all 
climate years (1962–2012) of the market simulation 
scenario. The percentage of time when the 
estimated inertia measured by kinetic energy in 
2025 is below the estimated required amount 
(shown by the red line) 
is 7.7 % (673 hours per year)



Nordic Power System

Transmission adequacy to ensure security of supply

Challenges

Possible solutions

• Using correct assumptions and value all benefits 
when planning the transmission net

• Maintain operational security and an efficient market 
while reconstructing the grid

• Develop the grid and addition transmission capacity 
can alleviate the challenges with flexibility and real-
time balancing

• Improve modelling tools and a common 
understanding in the interpretation of findings, and 
a robust scenario strategy

• Clarify differences and common goals in the 
Nordics for grid development



Nordic Power System

The way forward – there is an urgency to deal with the challenges

• The Nordic TSOs will follow up with a "solution report" 2016-2017 where the different solutions / alternatives 
are compared

• But an extended cooperation across the power sector is also needed!



Technical challenges in Baltic Sea

• Technical challenges brought forward by increases in RES generation, 

which are identified by TSO experts include: 
• Frequency stability issues, due to reduced inertia, increased deviation range 

and ramp rate of generation and larger contingencies; 
• Voltage stability issues, due to longer transmission paths and reduced 

voltage control near load centres; and 
• Angular stability issues, due to reduced minimum short-circuit current levels. 
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Challenges in Northern Sea
• Fundamental change of the generation portfolio 

• Need to satisfy increasing electricity demand and security of supply 

• Need to integrate huge amounts of offshore wind generation 

• Change in the flow across the region – grid congestions 

• High price differences between market areas 

• High amounts of RES curtailment and CO2 emissions 

• Ensuring flexibility in the energy system 
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Wow – that is a lot!?
• Both significant investments and

new solutions are needed and

they are needed fast!

Fremtiden er elektrisk



The ENTSO-E R&I Roadmap 2020-2030: towards a pan-EU 
energy system with no net emissions of greenhouse gases 
in 2050 















Fremtiden er elektrisk

Store radikale endringer

Leder til store radikale utfordringer

Som trenger radikale innovasjoner



Fremtiden er elektrisk

Fantastiske muligheter for bransjen



https://www.statnett.no/om-statnett/forskning-og-utvikling/
https://www.statnett.no/en/about-statnett/research-and-development/

The future is electric and digital!

https://www.statnett.no/om-statnett/forskning-og-utvikling/
https://www.statnett.no/en/about-statnett/research-and-development/
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