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                                                        Virtual Power Plants 
 

Virtual Power Plants (VPP) is a kind of  distributed electricity generation 
technology (smaller residential, commercial and industrial power 
generation systems ) where an energy aggregator gathers a portfolio of 
those smaller generators and operates them as a unified and flexible 
resource on the energy market or sells their power as system reserve. 

A VPP aggregates 
different types of 
energy generation 
and controls it as if 
it was one source 
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European Union targets about electricity from renewable sources 
 

 White Paper for a Community Strategy and Action Plan (1997). 

↓ CO2 emissions  (to get theobjectives established in Kyoto Protocol) 

 Directive 2001/77/CE on the promotion of electricity produced 
from RES-E sources. 

 21% contribution of renewables to electricity production in 
2010. 

 Directive 2009/28/CE on the promotion of electricity produced 

from RES-E sources.  

 Share of RES-E of 20% on energetic consumption in 2020. 

 2030 climate & energy framework (European Council October 
2014) 

 At least 32% share for renewable energy 

  

  

 
 

 

RES-E deployment 
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The effect of RES-E on wholesale electricity prices 
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Promotion Mechanisms of RES-E  

Promotion mechanisms of 

RES-E 
Characteristics 

Policies based on prices  

 (feed in tariff- FIT)  

Renewable  energy generators have right  to 

sell all their production in the electricity 

network and to obtain, for it, retribution 

based on a fixed price or on the wholesale 

electricity price plus an incentive.  

Policies based on quotas  

(renewable portfolio 

standard-RPS)  

The Government establishes the obligation 

that distributors have to acquire a certain 

percentage of their supply from renewable 

energy (fixed quota).  
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Net maximum electrical capacity (MW) of renewables 

Wind Solar PV 
GEO/TIME 2007 2017 Increase (%) 2007 2017 Increase (%) 

EU28 55.893 168.934 202 4.992 106.707 2037 

Belgium 276 2.806 917 20 3.610 17948 

Czechia 114 308 170 4 2.070 51638 

Denmark 3.124 5.522 77 3 906 30112 

Germany 22.116 55.718 152 4.170 42.337 915 

Greece 846 2.624 210 9 2.606 28850 

Spain 14.820 23.100 56 494 4.725 856 

France 2.223 13.512 508 26 8.610 33017 

Italy 2.702 9.737 260 110 19.682 17793 

Cyprus 0 158 70000 1 110 10905 

Luxembourg 35 120 243 24 128 435 

Netherlands 1.749 4.202 140 54 2.903 5276 

Austria 991 2.887 191 24 1.269 5135 

Portugal 2.201 5.124 133 24 579 2313 

Finland 110 2.044 1758 5 74 1380 

Sweden 823 6.611 703 6 244 3967 

UK 2.477 19.835 701 18 12.776 70878 

Source: Eurostat 
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Literatures review about the Effectiveness of the promotion of RES-E  
 

QUALITATIVE AND THEORETICAL   RESULTS    COUNTRY/PERIOD 

Menanteau et al. [5] 
FIT policies are more efficient than  bidding 
policies  

Theoretical analysis  

Wüstenhagen and Bilharz [8] Effectiveness of FIT policies  Germany/1990-2003  

Gan et al. [9] 
Clear and coherent policies are essential to 
obtain sucessful RES-E support policies  

Germany, the Netherlands, 
Sweden and the US/2002-2005  

CASE STUDY        
Frondel et al. [10] Effectiveness of FIT policies  Germany  
Patlitzianas & Karagounis [11]  Effectiveness of FIT policies  Recent EU states/2005-2009  

Liao [12] There is not an optimum RES-E support policy  
Main countries in RES-E/1976-
2010  

Mignon and Bergek [14] It is necessary the development of a mix policy  Sweden  

EMPIRICAL ASSESSMENT        

Carley [15] 
RES-E support policies are not a significant 
predictor of RES-E development  

50 US states/1998-2006  

Johnstone et al. [16] There is not an optimum RES-E support policy  25 OECD countries/1978-2003  

Shrimali and Kniefel [17] 
Effectiveness of clean energy funds and green 
power options  

50 US states/1991-2007  

Marques and Fuinhas [19] Effectiveness of incentives/subsidies policies  23 EU member states/1990-2007  

Jenner et al. [21] 
Electricity prices, production costs and policy 
design are more effective elements in developing 
RES-E  

26 EU countries /1992-2008  

Polzin [22] Effectiveness of FIT policies  OECD/2000-2011  
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Objective of this study 

 

 Legislation of the EU 

           member state is able choose its own RES-E promotion 
 mechanism 

 

 Motivation:  

There is a debate about the effectiveness of mechanisms 
based on prices versus quotas to promote RES-E 

 

 Objective: 

To analyse the effects of the main RES-E support policies as 
well as their main policy design elements on RES-E installed 
capacity (photovoltaic solar and wind) installed capacity in the 
EU-28 (period 2000-2014). 
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1. Introduction 

2. Model specification 

3. Model estimation: Results 

4. Conclusion 
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Model specification 

RES-E Capacityi 

Solar PV 
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RES-E Support variables 
Control variables 
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Dependent variable: RES-E capacity 
 Installed onshore wind energy capacity ,MW. 
 installed PV energy capacity , MW. 
Independent variables 
 RES-E support policies  dummy: Feed in tariff- FIT / renewable  
              portfolio standard-RPS /no policy) 
 Policy design elements  
FIT:  
• Tariff price: Price obtained by a RES-E producer for electricit sold, 

Euros/MWh. 
• Contract duration : Duration of a FIT contract, years.  
RPS:  
• Certificate prices: Prices obtained generally through a market 

mechanism, Euros/MWh. 
• Award rate : Number of awarded certificates for RES-E generators , 

MWh. 
• Validity lifetime for certificates : Duration of a RSP contract , years. 

 
 
 

 

Model specification:  Dependent and RES-E support variables 2 
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Model specification:  Control variables 

 
Political factors (Johansson, 2013; Carley, 2009) 

•  Dependency on energy imports: net imports/gross inland energy 

consumption (%) (+) 

•  Government commitment toward environmental policy: governmental 

environmental  investment  (Euros per capita) (+) 

 

Socioeconomic factors (Marques, 2011, 2010) 

• Price of oil: crude petroleum price by barrel (Euros/barrel) (+) 

• Prices of gas: Average import price of Europe (Euros/Million BTU) 

• Contribution of oil to electricity generation: % oil in total gross 

electricity supply (-) 

• Carbon dioxide emissions per capita (tonnes of CO2 per capita) (+) 

• Electricity energy consumption per capita (MWh per capita)(+) (-)  

 

2 
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Model  estimation procedure 

 
Pooled OLS regression clustered on the firm level 

•  Control of the endogeneity of the model: 

• Explanatory and control variables are lagged by one year 

 

• We considered the possibility of employing a panel data methodology, 
as dynamic panel data, the two step difference GMM model drawn up 
for the dymamic panel data models by Arellano and Bond (1991), 
However, as the number of countries is not so large, this methodology 
was not applied because the results are not reliableas thee number of 
the instruments are larger than the number of countries. 

 
STATA12 program 
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Estimated models regression 



               Model estimation for Wind: Results (RES-E support) 

Variables Model  

RPS 
0.804 

(0.734) 

FIT 
2.998* 

(1.187) 

FIT_PRICE 
-0.477** 

(0.139) 

FIT_DURATION 
0.454*** 

(0.085) 

QUOTA_PRICE 
0.067 

(0.162) 

QUOTA_AR 
-0.650 

(0.842) 

QUOTA_DURATION 
0.069 

(0.123) 

IMPORTS 
-0.007 

(0.024) 

GOV_POLICY 
-0.023 

(0.016) 

PRECIO OIL 
0.054† 

(0.027) 

CONTRIBUTION_OI

L 

-0.032† 

(0.016) 

EMISSIONS 
0.193 

(0.120) 

ELECT_CONSUMPTI

ON 

-6.828** 

(2.229) 

Annual effect 

considered 
Yes 

RES-E support policies 
 FIT significantly increases wind capacity  
 RPS increases but not statistically wind 

capacity 
  ↑ risk for investors (not have fixed        

payments: refrain from investment)  
 
FIT Policy design elements  
 Higher tariff prices reduces wind capacity : 

tariffs have frequently changed / wind: 
mature technology  

↓ investors´expectactions  in terms of 
maintaining ↑ tariff prices 

 ↑ contract duration favours ↑wind capacity 
 

RPS Policy are not statistically significant 
 

3 

14 



Political factors 

 Dependency on energy imports (IMPORTS) and governmental 
commitment towards environmental policy (GOV_POLICY) do not 
seem to influence significantly on wind capacity 

Socioeconomic factors 

  Price of oil  (PRECIO OIL) is positively associated with wind capacity 
 

 Electricity energy consumption (ELECT_CONSUMPTION) per capita 
has a negative impact on wind capacity  
 

  Contribution of oil to electricity supply (CONTRIBUTION_OIL) has a 
negative impact on wind capacity 
 

               Model estimation for Wind: Results (Control variables) 3 
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Variables Model 

RPS 
0.102 

(0.506) 

FIT 
0.725** 

(0.257) 

FIT_PRICE 
0.025 

(0.016) 

FIT_DURATION 
0.017 

(0.025) 

QUOTA_PRICE 
0.122*** 

(0.189) 

QUOTA_AR 
0.055 

(0.106) 

QUOTA_DURATION 
-0.144 

(0.025) 

IMPORTS 
0.010† 

(0.005) 

ELECT_CONSUMP 
0.365 

(0.749) 

GOV_POLICY 
-0.003 

(0.002) 

EMISSIONS 
0.054 

(0.054) 

GAS_ PRICE 
0.183** 

(0.060) 

GAS_ 

CONTRIBUTION 

-0.004 

(0.007) 

ELECT 

RETAIL_PRICE 

3.563 

(3.328) 

GDP 
0.315† 

(0.157) 

               Model estimation for Sola PV: Results (RES-E support) 

 
RES-E support policies 
 FIT significantly increases  solar PV capacity  
 RPS increases but not statistically wind 

capacity 
 Increases risk for investors (not have 

 fixed payments: refrain from 
 investment) 

  
FIT Policy design elements are not statistically 

significant 
 
RPS Policy design elements 
 Higher quota prices increases solar PV 

capacity: certificate prices + electricity prices 
seem to be high enough to promote PV 
energy investment. 

 

3 
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Conventional energy trends 

 A positive and significant impact of gas prices (GAS_PRICE) on PV energy 
capacity    

↑ gas prices   incentives to substitute this traditional source of energy 
by PV energy (Apergis and Payne, 2014; Marques and Fuinhas, 2010)) 

State trends of security of energy supply 

 Dependency of energy imports (IMPORTS) is positively associated with 
PV energy capacity 

↑ Dependency of energy imports   favour investment of PV energy 
(substitute energy imports by local resources) (Aslani et al., 2014) 

Economic situation 

  Gross domestic product (GDP) is positively associated with PV energy 
capacity 

Countries: better economic situation  more resources to invest in clean 
production technologies  ↑ PV energy capacity (Chang et al., 2009) 

 

  Conclusions                Model estimation for Sola PV: Results (Control variables) 
 

3 
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Conclusions 4 

 RES-E  to meet energy security, energy efficiency and GHG reduction 
targets 

 
 

Essential concept: suitable RES-E support policies 
 
 

 Empirical assessment about FIT and RPS applied to onshore wind and 
solar PV installed capacity in the EU 
 

 
 FIT  have better results in terms of wind and sola PV capacity 

 
 Policy makers should consider a reduction of regulatoty uncertainty 

about the RES-E supports 
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