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 (1) Overview and Introduction

The objective of this paper is to derive strategies for a least-cost reduction of greenhouse gas emissions for European citizens. Two major measures are compared: promoting electricity generation from renewables (RES-E) and accompanying demand-side conservation (DSC) activities. 
(2) Method of approach: The model GREEN-X
The analyses are conducted by using the model Green-X funded by the EC. It allows analyses for both, the EU as a whole as well as for every single member state. Within the model all relevant RES-E technologies – e.g. biomass, wind, geothermal, PV, solar thermal...) technologies as well as demand-side conservation measures are described for every EU country by means of static (and further-on dynamic) cost-resource curves. A static cost curve provides for a point-of-time a relationship between (categories of) technical potentials (of e.g. wind energy, hydro, biogas..) and the corresponding (full) costs of utilisation of this potential at this point-of-time.
To analyse various scenarios different policy schemes can be selected, (e.g. feed-in tariffs, tendering systems, investment subsidies, tax incentives, quotas, tradable certificates) and modelled in a dynamic framework.  All the instruments can be applied to all RES technologies separately for the various energy sectors. In addition, general taxes can be adjusted and the effects simulated. These include energy taxes (to be applied to all primary energy carriers as well as to electricity and heat) and environmental taxes on CO2-emissions as well as policies supporting demand-side measures. The corresponding costs and benefits for companies and consumers are an output.

(3) Results
Within the EU-15, the total amount of RES-E generation was around 469 TWh/a in 2005. If the current support instruments remain in place as is assumed in the BAU forecast, power production from RES will rise to about 596 TWh/a in 2010 and 815 TWh/a in 2020, reaching a share of 19.4% in gross electricity demand by 2010 and 23.3% by 2020, respectively. In contrast, improving the support conditions, i.e. the policy design consistently and immediately within all EU-15 Member States (including a gradual reduction of non-financial obstacles), will mean that RES-E generation rises to 636 TWh (20.7%) by 2010 and 995 TWh (28.5%) by 2020. This means that the RES-E target for 2010 set by the EU directive (2001/77/EC) could be met, albeit with a slight delay of 1 to 2 years. 

With respect to the technology-specific dynamic development of RES-E generation for both cases on EU-15 level the following perceptions are mos important : The amount of large scale hydropower plants will increase only marginally in absolute terms as a consequence of less public support and diminishing social acceptance as well as the restricted additional potential. In relative terms, the share (in total RES-E generation) drops significantly from around 58% in 2005 to 34% (BAU-case) or 29% (“improved national policies” case) in 2020, respectively. It can be expected that the highest share of new RES-E production will be from wind power, both onshore and offshore. In 2020, between 38% (improved national policies case) and 45% (BAU case) of total electricity generation from new RES-E plants installed in the period 2005 to 2020 refers to wind onshore. The share of wind onshore in total RES-E generation in 2020 ranges from 27% (improved national policies) to 28% (BAU), i.e. production is in a similar range as large-scale hydropower. The corresponding figures for wind offshore are 23% (BAU) and 28% (improved national policies) with regard to new installations, and 12% (BAU) and 17% (improved national policies) for total RES-E generation by 2020, respectively. It is notable that in order to achieve higher RES-E deployment, as in the “improved national policies” case, almost all RES-E options have to enter the market in substantial quantities.

Finally, the major result is that DSC plays an important role for increasing the share of RES-E. E.g. the same deployment of RES in a conservation scenario leads to 28% of RES-E by 2020 while in the BAU-scenario this share is only 20%. Moreover, a certain quota of RES – e.g. 20 % – can be reached much cheaper if a certain share of money is invested in DSC. 
A comparison of the resulting shares in the BAU and the BEST scenario with and without simultanuously introduced energy efficiency measures brings about the following results: The amount of 815 TWh in the BAU scenario leads in EU-15 countries to a share of 22% of RES-E while in the BEST-scenario (995 TWh) with significant energy effeiciency measures the share increases to about 34%!

(4) Conclusions
The major general conclusions of the analysis are:

· On EU level It is of superior importance to introduce integrated policies – policies focusing on the promotion of RES and on energy conservation simultaneously – to reap the utmost benefits from public money invested.

· It is important for a promotional system to place a strong focus on new capacities and not mix existing and new capacities. 

· The dissemination effectiveness of energy policy instruments depends significantly on the credibility of the system for potential investors. It must be guaranteed that the promotional strategy, regardless of which instrument is implemented, persists for a specified planning horizon. Otherwise the uncertainty for potential investors is too high and it is likely that no investments will take place at all.

· With respect to the investors' perspective, it is important to state that, at low risk (the case of FITs), the profitability expected is much lower and, hence, so are the additional costs finally paid by all customers. 

· It is essential to built up a broad portfolio of different technologies to increase experience and confidence in new technologies (e.g. via demonstration projects). This issue is important to prepare the market for the case that these technologies should be used in the future. 

· Relevance of demand-side conservation measures: The achievement of most policy targets for RES-E as well as the accompanying societal costs is closely linked to the development of the electricity demand. Therefore, aside from setting incentives on the supply-side for RES-E, accompanying demand-side measures are of key relevance to minimise the overall societal burden.

