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Key challenges of energy systems

100 % Renewable energy systems and the concept of residual load
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Key challange: Balance of supply and demand
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A model can only be as good as it’s input data!
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Case study: 100% renewable
energy system for Islands
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Case study: 100% renewable energy system for Islands
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Electrical demand (one day)

Load in MW
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Electrical demand (one month)

Load in MW
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Generation: Renewables
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Wind energy generation (one month)
1. Size of the island: 430 km?

2. Theoretical potential on shore: 4.3 GW

Hourly wind power production in MWh
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PV generation (one month)
1. Size of the island: 430 km?

2. Theoretical PV potential: 5375 GW

Hourly PV production in MWh
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Residual load and the need for flexibility

Electricity demand on the gnd [ lﬂ (|
(Load prafike) f || |

Load [MW]

Feaad-in surplus
far storags

"-l-...__‘____—‘

Time [h]
B curopa-universia T
' FlEﬂSbUI’g Erasmus + 3. April 2019 | Seite 14




Residual load for 100% Renewables (one day)

Residual Load in MW
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Residual load (one month)

Residual Load in MW
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Storage options

Power to gas (tO ENERGY STORAGE TECHNOLOGIES

Pump storage
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Storage
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Pump storage (one month)

200 Hourly pump storage operation in MW
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Storage filling level (one month)
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Generation: Biomass
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Use of biomass

Hourly production from Biomass in MWh
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Power overproduction from wind and PV

Excess electricity production in MWh]
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All together...
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Simulation of 100% RE (one month)
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Simulation of 100% RE (one month)
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Simulation of 100% RE (one month)
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Simulation of 100% RE (one month)
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Simulation of 100% RE (one month

200,00
150,00
100,00

50,00

0,00

0o
103
120
171
18

13
715

U
2
443
460

77
494
JU

96

MW

-50,00
e Residual Load

-100,00

-150,00

Bl

-250,00

-300,00
Hours

Energy system challanges
Kristian Reincke

Erasmus + 3. April 2019 | Seite 29

W Europa-Universitat
Al

Flensburg




Simulation of 100% RE (one month)
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Simulation of 100% RE (one month)
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Simulation of 100% RE (one month)
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Simulation of 100% RE (one month)
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Simulation of 100% RE (one month)
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Fundamental Equation of Wind Power

Wind power depends on:
= Rotor area (area)
= Speed of air (volocity)

= Mass of air (density)

KE=%*m * v?
. Pk * 2 with:

= n: density of air [g/m?3
o p*A*y P y [8/m?]

= A: Rotor area [m?]

P=%* p* A * V3
= v: velocity [m/s]
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Power coefficient (Betz limit)

= The technically extractable power from wind is limited by the fact that the air
speed behind the rotor can not be zero. Thus, the technical available power is
limited by the power coefficient of 0.59 known as the Betz coefficient.

"P=%*Cp*p*A*V’ A
= With Betz Factor Cp =0.59

® |ncluding wind turbine efficiency Cp = 0.45
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Wind Power Curve Characteristics
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Thanks for your attention!

M. Eng. Kristian Reincke

Centre for sustainable energy systems (ZNES)
Europauniversitat Flensburg

Auf dem Campus 1

24937 Flensburg

Fon: +49 (0) 461 805 3016
Mail: kristian.reincke@uni-flensburg.de
Web: www.uni-flensburg.de/eum

www.znes-flensburg.de
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