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Content of the presentation

1. What is the impact (and value) of PV energy on the power system?
Correlation of the PV Energy with the Load

Seasonal Complementarity of Wind and Solar Energy

2. Is a high penetration of RES in the power system possible?

Demonstration of the feasibility of a 100% RES power system
(the Kombikraftwerk project)

3. The way to a power system with a high RES penetration

Dynamical simulation of RES generation based on the BEE Scenario for Germany
(RES penetration of 47%)

Assessment of the impact of RES generation on the power system
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Impact of PV energy on the power system
Modelling of the PV power for Germany:

Input data:

B Irradiation derived from
satellite picture (SODA, Uni
Oldenburg)

B Temperature from DWD

Calculation for different
system types

Conversion to global AanA
irradiation on tilted plane (Gt || VIV

o bd Ld R R

Conversion to DC power ~r i
Conversion to AC power r" Han

|

Frequency distribution of
system types ‘.

Consideration of:

m 2 different module
technologies (crystalline
and thin-film)

B 17 different orientations

B 5 different installation
environments

3027 grid points
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Impact of PV energy on the power system
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Impact of PV energy on the power system

Simulated PV Power time series for Germany (15 minute time resolution)
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Cumulated PV power time series calculated for 2005 (2 GWp)
and 2015 (12 GWp)
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Impact of PV energy on the power system

Woche des maximalen PV-Ertrags (Woche 25 des Jahres 2005)
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Impact of PV energy on the power system

= A clear correlation between the load and the PV power can be
observed during summer weeks

® A reduction of medium and peak load power occurs during these
times

How does this correlation look like over the year?
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Impact of PV energy on the power system
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Impact of PV energy on the power system
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Impact of PV energy on the power system

Capacity factor [-]
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Impact of PV energy on the power system
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Impact of PV energy on the power system
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-~ 0n a monthly basis, the combination of wind and PV power offers a
source of renewable energy available all over the year.
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Impact of PV energy on the power system
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—>0n a smaller time scale, the use of storage systems and flexible units

IS necessary to match the RES energy supply with the demand
(e.g. PSW, flexible biogas plant)

Is a 100% RES energy supply technically possible?
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Is a a high Penetration of RES in the power system possible?
Das Regenerative Kombikraftwerk
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Is a a high Penetration of RES in the power system possible?
Das Regenerative Kombikraftwerk

Considering the time availability of the fluctuating RES, a power
system with a high share of RES is feasible.

— The transformation of the current power system to a high-RES
supply needs anticipation for adaptating the current structure.

Need for roadmaps and scenarios
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The way to a high share of RES - Case study: BEE Scenario

BEE <@

Bundesverband
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The way to a high share of RES - Case study: BEE Scenario

No consideration of:
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The way to a high share of RES - Case study: BEE Scenario
Woche 45 (05/11/2007 bis 11/11/2007)
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The way to a high share of RES - Case study: BEE Scenario

Woche 12 (19/03/2007 bis 25/03/2007)
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The way to a high share of RES - Case study: BEE Scenario

Woche 29 (16/07/2007 bis 22/07/2007)
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The way to a high share of RES - Case study: BEE Scenario
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The way to a high share of RES - Case study: BEE Scenario

Leistung in GW
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The way to a high share of RES - Case study: BEE Scenario
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The way to a high share of RES - Case study: BEE Scenario

Leistung in GW
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The way to a high share of RES - Case study: BEE Scenario
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Conclusions

—>PV fluctuations have a positive impact on the power system due the
correlation of PV feed-in with the energy demand

- PV and wind have a seasonal complementarity which offer a source of
energy available all over the year (on a monthly basis)

—>A 100% RES supply is technically feasible
—>Through RES generation, the base load is drastically reduced
—>RES time series can follow the energy demand

—>The use of biogas power plant as regulating power can enhance the
integration of RES
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Thank you for your attention.

Yves-Marie Saint-Drenan (FhG IWES)
y.saint-drenan@iset.uni-kassel.de
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