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Overview 
As the feed-in of renewable energy sources (RES) depends on climate and weather conditions, the electricity generation 

is characterised by strong fluctuations. The analysis of wind feed-in for historical years showed significant differences 

between the years 2006 until 2012 e.g. with regard to phases of low feed-in (Plötz and Michaelis 2014). The feed-in of 

RES affects the price formation at the European Energy Exchange EEX, as German laws grant a priority dispatch and 

fixed feed-in tariffs for electricity by RES. Already today, situations occur when RES set the price e.g. when high feed-

in coincides with low electricity demand, and during phases of low feed-in, when hours of high demand cause price 

peaks. In general, feed-in of wind reduces the price level but increases the price volatility (Ketterer 2014). As installed 

wind power will increase in the future, the influence of wind on spot market prices will grow and should be taken into 

account when simulating future scenarios. But many fundamental models simulate future spot market prices based on a 

single historical year for feed-in of RES, so a general statement for investment decisions is hardly possible. A compari-

son of simulated spot market prices based on different feed-in years of wind has – to our knowledge – not been analysed 

yet. Therefore, this paper analyses the influence of historical time series for wind feed-in that are used for the simulation 

of spot market prices in 2030, using a fundamental model for Germany. Afterwards, the simulated spot market prices 

serve as input for an optimization model of pumped hydro energy storage (PHES) in order to analyse the influence of 

the simulated price time series on the economic evaluation of storage systems. Time series of PV feed-in are not con-

sidered as they show more regular characteristics as wind. 

 

Methods 
We set up a fundamental model for the German Electricity System that matches hourly demand and supply to simulate 

the merit order curve for a given scenario. For a detailed classification and description of fundamental models see (We-

ber 2005; Ventosa et al. 2005). The model is linked to a database of installed capacities of conventional power plants 

and RES. The fluctuating character of wind and PV is considered in form of generation profiles based on feed-in time 

series or detailed meteorological data. Assumptions for the availability of power plants, price developments of energy 

carriers and CO2 allowances as well as electricity demand serve as main input for future scenarios. We calibrated the 

model by simulating electricity prices for 2012 and obtained comparable results like other fundamental models, see 

(Genoese 2013). The mean average error is about 6.68 €/MWh and the root mean square error is about 12.25 €/MWh. 

In order to analyse the influence of wind feed-in years on future price simulation, we created a scenario for 2030 based 

on (Nitsch et al. 2010). We did seven simulations that are only different in terms of the chosen year for wind feed-in 

and the corresponding electricity demand. The time series show the characteristics of wind-feed in and electricity de-

mand for the years from 2006 until 2012
1
. The simulated price time series were compared afterwards by conducting 

statistical analyses and tests. Furthermore, they serve as input for an optimization model for PHES that maximizes the 

contribution margin of the storage system for one year. A comparable approach for such a model is described in (Keles 

et al. 2012). 

 

Results 
The chosen scenario for 2030 relies on the assumption of a strong increase in CO2 and fuel prices, so the mean spot 

price for different wind years reaches an average value of about 62 €/MWh which is clearly higher than the present 

price level. These results are consistent with other spot market price simulations for comparable scenarios, see (Genoese 

                                                
1 Onshore wind feed-in and electricity demand time series for Germany are available on www.netztransparenz.de. 

Calculation of offshore wind feed-in time series is based on meteorological data by using an approach of McLean 

(2008). 
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2013). We used a two-sample Kolmogorov-Smirnov test and found statistical evidence that most of the distributions of 

the simulated spot market prices for different wind years are significantly different (at 5% significance level). Further-

more we see that monthly average prices differ much for these years, so we conclude that the characteristic of wind 

feed-in has strong influence on prices. This is further validated through a high coefficient of correlation between wind 

feed-in and prices. However, average prices of about 62 €/MWh and standard deviations of about 41 €/MWh for every 

wind year show only slight differences as temporal price variations during the year are smoothed for this indicator. In 

order to examine the distribution of prices, we analysed phases of small and high prices. In average, there are 168 

phases of high prices above 110 €/MWh and 188 phases of low prices below 5 €/MWh with an average duration of 5 or  

8 hours. The maximum durations of 

these phases show considerable dispari-

ties between some wind years by a fac-

tor of two. 

In order to analyse the impact of the 

simulated price time series on the eco-

nomic evaluation of energy technolo-

gies, we use an optimization model for 

PHES. The technical design of the stor-

age system is about 500 MWel of elec-

trical power and 4000 MWhel of storage 

capacity. We assumed a specific in-

vestment of 735 €/kWel and an effi-

ciency of 78%. Figure 1 shows that 

costs and revenues differ with regard to 

the different wind years. For wind years 

2008 and 2009, annual costs and reve-

nues are almost equal, whereas for wind 

year 2011 a deficit of almost 7 million 

€/a occurs. 

 

Conclusions 
We simulated and analysed spot market prices in dependence of different wind years for a future scenario of the Ger-

man Electricity System in 2030 by using a fundamental model and historical feed-in series for wind. The results con-

firm our hypothesis that the wind year has significant influence on the distribution of prices. This is becoming apparent 

when monthly average prices and phases of small and high prices are considered. However, the average values for the 

whole year show only slight differences. But as the duration and distribution of high and low prices over time is impor-

tant for the evaluation of flexible technologies like storage or controllable power plants, the choice of the wind year has 

influence on possible investment decisions. This is becoming clear by using the simulated spot market prices for 2030 

for an optimization model for PHES that shows different results for the single wind years. 
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Figure 1:Economic result of storage optimization for 2030 with  different wind years 


