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• DTU (Risø) siden 1990 

 

• Arbejder med 

– Multi-energisystemer: El, varme, PtX 

– Sektorkobling: sammenkobling mellem fx el og varme-systemer 

– Fleksibilitet: hvordan forbrug kan styres så det gavner det samlede system Leder af 

forskningsgruppe 
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Femtidige mål og midler  

• Der skal ske en meget stor udbygning af 

vedvarende energi især vind og sol 

• Electrificering af transport, opvarming and 

industrielle processer via sektorkobling 

• Digitalisering for at opnå en forbedret drift og for at 

åbne nye forretningsmuligheder 

• Udvikling og integration af Power-to-X teknologier 

til e-brændsler 

 

Det giver 

• Mere komplekse systemer 

• Interaktion mellem complekse plants and systemer 

• Interaktion mellem mange aktive distribuerede 

enheder, netværk og aktører 
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For at nå emissonsreduktionerne i 2030 og 2050 



DTU Date Title 

Vindkraftkapacitet og vindkrafts andel 

af indenlandsk elforsyning 

• Vindenergiandelen i 2019 nåede mere end 46% 

af elforbruget 

• Solenergi dækker ca 3% af elforbruget 

• Der er lange perioder hvor vindenergi dækker 

forbruget og der er perioder hvor der næsten 

ingen vind er: 
January 2014:  
Danish wind power generation: 63.3% of the electricity 
consumption 

 

December 21th 2013: 

Danish wind power generation: 102% of the electricity 
consumption 

 

Single hour July 9th 2015: 

Danish wind power generation: 140% of the electricity 
consumption 

 

March 11th 2014: 

only 9 MW wind power generated out of installed 4,900 MW 

but 480 MW out of 580 MW solar units supplied the grid 
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Udfordringen i elsystemet 
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Wind Power Demand

Hvem skal levere hurtigt? 

Hvem skal forbruge? 

Hevm skal generere? 

The power system has to be safe, reliable 
and in balance at all time instances 

The fraction of renewable energy will 
increase as we are moving towards a fossil 
free system 

Wind and solar power has inherent 
fluctuations and limited predictability 

There will be a substitution of fossil fuels 
for electricity 

Increased consumption and changed 
consumption pattern 

• Control of distributed resources for 
service provision at different time scales 
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Belasning i fremtidens distributionsnet 
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Når der kommer både solceller, elbiler og 
varmepumper 

• Kan spændingen blive for høj når solen skinner 
og der ikke er meget forbrug 

• Kan spændingen blive for lav når der ikke er sol 
og alt forbrug er i gang 

• Kan det blive overbelastet pga. af for høj strøm 
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Forbrugskurve når der er elektrificeret transport 

og varme 
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• Hvis der ikke gøres noget bliver 
distributionsnettet overbelastet 

• Noget af forbruget er fleksibelt og kan 
flyttes så de største spidser unndgås 
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Hour of day 

Day-variation curve of consumption on an example 10 kV 
feeder 
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Den ‘smarte vej’ er den billigste vej… 
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• Opfyldelse af 70%-målsætningen i 

2030 vil kræve elektrificering og ny 

net-infrastruktur 

 Uden smarte løsninger: 110 mia. kr. 

 Med smarte løsninger: 79 mia. kr. 

 

• En besparelse på 31 mia. kr frem til 

2030 ved at gøre det smart. 

Ref.: Klimapartnerskabet for Energi og Forsyning. 
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Demand response 
• Load reduction from 

heaters and heat pumps 

• Compared with estimated 

baseline 
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• Load deviation from 

baseline 

• Service and rebound 

• Estimated uncertainty for 

delivery and rebound 

period 
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Flexibility model for Aggregations of residential heating 

20. 11. 2018 

• Portfolio level flexibility model 

• Simple description of flexibility based on meter data 

• Coherent with service description 

• Service duration up to 2 hours with this setup without significant loss of comfort 

• Longer service duration periods are easily implemented via portfolio control 

• The uncertainty increases significantly as aggregation size decreases  (the same holds 

for the baseline uncertainty) 

• Important for DSO level  impact 

• The average flexibility in residential heating is about 2.4kWh every four hours  

 

 

Conclusions: 

 

Portfolio level flexibility model adequate 

and coherent with service description 
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• Transmission System Operators TSOs have the 

responsibility of maintaining transmission system operation 

and a need for balancing the system 

• Distribution System Opreators DSOs have the responsibility 

to serve the customers and for secure and reliable operation 

of the distribution system 

 

• Balance Responsible Parties BRPs have an incentive to 

meet the forecasted consumption/generation 

 

• Distributed Energy Resources DERs owned by end users 

can provide flexibility, but it has to be organised to overcome 

– Many small contributions that have to be coordinated 

– Investment costs for making units controllable 

– Transaction costs 

– Available flexibility 

 

• Aggregators AGGR can coordinate DER 

– They can be the agents on the markets for flexibility 

Stakeholders and roles 
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Aggregator/market based control 
as extension of existing market setup (consumption) 

14 Flexibility trading extension Existing market 
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Konklusion 

• Energisystemet er under stor forandring 

 

• Der kommer meget store mængder 

vedvarende energi 

 

• Mange ting bliver elektrificeret 

 

• Det giver udforringer på system og 

distributionsniveau 

– Balance og forsyningssikkerhed 

– Mangel på kapacitet i 

distributionsnettet 

• Meget af det nye forbrug er fleksibelt og 

kan derfor bruges til at imødegå nogle af 

de udfordringer 

 

• Det kræver løsninger som både tilgode 

ser systemet men især forbrugeren 
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EcoGrid 2.0  
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A new framework for exchanging flexibility 
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Future Energy System 
Challenges, Focus and Development Trends 

• Decarbonisation  

• Cost-efficient transformation 

 

• Our focus: Develop a reliable, cost-

efficient and sustainable energy 

system based on renewable energy 
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Electrification 
Renewables 

Decentralisation 
Prosumers, solar PV, 

EVs, storage 

Digitalization 
Sensors, data, analytics 

Novel business 
models 

Services, bundle, 
sharing 

Integration 
Power, thermal, gas, 
buildings, transport 
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System challenges and potential solutions I 
• The power system has to be safe, reliable and in balance at all time instances 

• The fraction of renewable energy will increase as we are moving towards a fossil free 

system 

– Wind and solar power has inherent fluctuations and limited predictability 

• There will be a substitution of fossil fuels for electricity 

– Increased consumption and changed consumption pattern 

• Operation of the power system will increasingly be market based 

– This means a separation and clarification of responsibilities and a requirement for 

more formal interaction between the involved parties 
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Global Technology Trends 
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Electricification  

Sector integration 

Digitalization  

Energy Islands 

Power-to-X 

2021

2021 2030

New Energy Reality

Adoption of new 

technologies

Electrification

Consumer-

centric

Digitalization

Wind larger 

& smarter

Distributed 

energy

Intelligent 

grids

Energy 

exchange

Markets & 

flexibility

Smart 

buildings

Electricity 

storage
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Digitalisering binder sektorerne sammen 
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Demonstration of flexibility market w. demand 

response with 800 customers at Bornholm 
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FLEXIBILITY 

MARKET 

Market concept and actors 

www.electricitybaseline.com  

Demand response reactions 

Evaluation of DR services at a distribution transformer 

http://www.electricitybaseline.com/
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• Danmark 

– Vindenergi 

– Elektrificering 

– Udfasning af (natur)gas 

– Kobling mellem dele af energisystemet 

(el, varme, gas) 

• Elektrificering 

– Fjernvarme 

• Varmepumper 

• Elkedler 

– Elbiler 

– Varmepumper 

– Solceller/batterier 

– Distributionsnet 

– Problemer med kapacitet 

• Løsninger 

– Koordineret styring 

– Prisstyring 

• Udfordringer for løsninger 
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