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 Simulat ion of  energy systems 

 Modeling Renewable Energies and Convent ional Unit  Commitment  

 Research in Reserve Control Provision f rom Renewable Energies 

 Energy Economics  

 

 

 

  Research for a …  

 

 

 

 
  

Division activity 

2050 
… Green Solut ion 
 

80 – 95% less GHGE 
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 Set t ing up an almost  (80%) emission-f ree energy balance for 2050  

     (elect ricity, heat , mobility) 

 

 Deriving new technologies and demand for Renewable Energies (RE) 

 

 Def ining paradigm changes: Sector coupling, ef f icient  technologies, fast  RE 
capacity addit ion 

 

 … analysis f rom a „ f inal“  perspect ive… 

 

 

 

 

 

 

 
  

Approach 

2050 
… Green Solut ion 
 

80 – 95% less GHGE 
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How do we get to an emission-free energy balance?  

 

Energy Ef f iciency 

 Primary energy (all sectors):  - 38% 

 Elect ricity (convent ional):       - 25% 

 

Elect rif icat ion & Sector coupling 

 Heat  pumps, e-mobility, Power-to-
Heat  (PtH), Power-to-Gas (PtG) 

 

Elect ricity demand 

 900 TWh of  which 800 TWh are 
f rom RE 
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Finding an optimal mix of RE for 2050 
Approach 

Standard deviation of residual load

Share of offshore wind energy (% of total wind energy)
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aHypothesis: 
Minimizing standard deviat ion (SD) of  residual load 
is opt imal f rom a system perspect ive 

Physical RE simulat ion (high spat ial & hourly resolut ion)  
(800 TWh = 50% On, 30% Off , 20% PV)  

Scaling of  RE-t imeseries for all 
possibles RE-mixes  

Analysis of  SD 
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Results in detail 

Standard deviation of residual load

Share of offshore wind energy (% of total wind energy)
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a

On: 50% (400 TWh) 
PV: 50% (400 TWh) 
Off : 0%  

20 GW 
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Taking into account potential estimations 

Share of offshore wind energy (% of total wind energy)
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b

Few space offshore lef t   
(only German waters considered) 

Few space for roof -top PV lef t  

More onshore 
turbines 
acceptable? 

Three scenarios 
selected for analysis 

„ Opt imized“  
(of fshore) 

opt imum 

onshore 

PV 
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Offshore wind enegy impact on residual load 

Opt imized scenario  

(> 50 GW of fshore wind) 

 

1. Reduces peak load          
(back-up-capacity needed) 

2. Reduces total posit ive 
residual load  

3. Reduces average 
power/energy rat io of  excess 
power (storage capacity 
needed) 

4. Reduces non-usable excess 
power 

Onshore Opt imized 
(offshore) PV 
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Cost Estimate I: Back-up and residual power demand 

Onshore Opt imized 
(offshore) PV 
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Cost Estimate II: Storage capacity and Excess 
production  

Onshore Opt imized 
(offshore) PV 
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Flexibility costs are reduced 
Overall system costs strongly depend on RE-price 
development 

Onshore Of fshore PV 

Storage 

Back-Up 

Curtailment  

Fuel for pos. RL 
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Determination of control reserve power 
Approach 

Analysis of   
forecast ing accuracy 

Calculat ion of  potent ial to of fer 
cont rol reserve by wind power 

Comparison of  onshore and 
offshore capabilit ies 

Forecast error (in % of average feed-in)
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Getting the power forecasting error in form of a 
frequency distribution   

Onshore Offshore 

m/s m/s 

n n 
Weibull-Dist ribut ion 
wind speed 

Error of  wind 
forecast   

m/s 

n 
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n 

Calculat ing the real power and forecasted power w ith a  
phyiscal w ind power model 
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Probabilistic forecast and error frequency distribution 

Forecast error (in % of average feed-in)
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Likely range of  possible power output   
(here 25% – 75% percent ile) 

error f requency dist ribut ion 

Average real  
Power 

Average forecast  error (in% of  average feed-in):    Onshore = 60% 

               Of fshore = 25%  
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Potential to offer control reserve and reliability  

Level of reliability (%)
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Conclusion 

 of fshore wind power decreases overall systems costs if  generat ion costs become 
more competet ive, basically … 
 due to bet ter load coverage and thus, lower costs for fuel to cover RL 

 due to less curtailment  of  renewable energy     

 

 of fshore wind power is able to of fer a large share of  it s product ion as cont rol 
reserve (negat ive and posit ive) 
 for reliabilit y as convent ional plants of fer potent ial is 

   

   day-ahead      hour-ahead 

  Of fshore:    ~18%            ~50%             

  Onshore:  ~  2%                   ~25% 

 

… of  annual power product ion!  
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Thank you for your attention! 
 
 
 Fraunhofer Institute for wind energy and energy system technology  
 in Kassel and Bremerhaven 
 
 Advancing wind energy and energy system technology 
 
 
Contact: 
 
Christoph Richts 
Fraunhofer-Institut für Windenergie und 
Energiesystemtechnik 
+49(0)561 7294-463 
christoph.richts@iwes.fraunhofer.de 
www.iwes.fraunhofer.de 
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